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venous thromboembolism prophylaxis after trauma
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rauma patients are at increased risk of venous thromboembolism (VTE), which includes both deep vein thrombosis and pulmo-
nary embolism. Pharmacologic VTE prophylaxis is a critical component of optimal trauma care that significantly decreases VTE
risk. Optimal VTE prophylaxis protocols must manage the risk of VTE with the competing risk of hemorrhage in patients follow-
ing significant trauma. Currently, there is variability in VTE prophylaxis protocols across trauma centers. In an attempt to optimize
VTE prophylaxis for the injured patient, stakeholders from the American Association for the Surgery of Trauma and the American
College of Surgeons-Committee on Trauma collaborated to develop a group of consensus recommendations as a resource for
trauma centers. The primary goal of these recommendations is to help standardize VTE prophylaxis strategies for adult trauma pa-
tients (age ≥15 years) across all trauma centers. This clinical protocol has been developed to (1) provide standardized medication
dosing for VTE prophylaxis in the injured patient; and (2) promote evidence-based, prompt VTE prophylaxis in common, high-risk
traumatic injuries. (J TraumaAcute Care Surg. 2022;92: 597–604. Copyright© 2021WoltersKluwerHealth, Inc. All rights reserved.)
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T rauma patients are at increased risk for venous thromboem-
bolism (VTE), comprised of pulmonary embolism (PE) and

deep venous thrombosis (DVT). Venous thromboembolism im-
pacts an estimated 900,000 people in the United States each year
and results in several hundred thousand hospitalizations and
approximately 60,000 to 100,000 deaths.1 Approximately
two-thirds of VTE episodes manifest as DVT and one-third
as PE with or without DVT.2,3 Trauma is a known risk factor
for VTE which is thought to be secondary to decreased venous
blood flow, diminished fibrinolysis, immobilization, release or
exposure of tissue factor, and depletion of endogenous anticoag-
ulants, such as antithrombin.4 The incidence of DVT in trauma
patients has a range of 5% to 63%, depending on patient risk fac-
tors, modality of prophylaxis, and methods of detection. It is clear
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that VTE accounts for significant morbidity and mortality in the
injured patient.5–11

While elevated risk of VTE for patients posttrauma is
widely recognized, there remains significant variability in clini-
cal practice related to timing of initiation of pharmacologic pro-
phylaxis, as well as selection of the specific chemoprophylaxis
agent.12–15 Not only is there significant inconsistency in practice
between centers but also controversy regarding optimal VTE
prophylaxis strategies between the trauma provider and the sur-
gical specialists that are involved in the multidisciplinary care of
trauma patients is common. This variability in practice related to
VTE prophylaxis timing and dosing extends to orthopedic sur-
geons, spine surgeons, and neurosurgeons, making consensus
between providers challenging.16–19
PROTOCOL RATIONALE AND GOALS

While there are many algorithms and guidelines produced
with the goal of reducing VTE in trauma patients (Table 1), in-
stitutional protocols for pharmacologic VTE prophylaxis differ
across trauma centers in the United States.20–22 Further, optimal
VTE prophylaxis strategies for high-risk trauma patients with
competing risks of hemorrhage and the need for aggressive
pharmacologic prophylaxis because of increased VTE risk rep-
resent a challenge for the multidisciplinary trauma team. The
primary goal of these recommendations is to help standardize
VTE prophylaxis strategies for adult trauma patients (age
≥15 years) across all trauma centers.

The goal of this clinical protocol is to (1) provide stan-
dardized medication dosing for VTE prophylaxis in the injured
patient; (2) promote evidence-based, prompt VTE prophylaxis
in common, high-risk traumatic injuries; and (3) review inter-
ventions that are utilized with significant variability in trauma
centers, including inferior vena cava filters (IVCFs) and routine
lower-extremity screening venous duplex. We have developed a
© 2021 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 1. National and International VTE Guidelines

Society Guidelines Citations

Western Trauma Association Updated guidelines to reduce VTE in trauma patients: AWestern
Trauma Association critical decisions algorithm.

Ley et al. J Trauma Acute Care Surg.
2020:89:971–981.

American Association for the Surgery Critical
Care Committee

VTE prophylaxis in the trauma intensive care unit: an American
Association for the Surgery of Trauma Critical Care
Committee Clinical Consensus Document

Rappold et al. Trauma Surgery & Acute Care
Open. 2021;6:e000643.

Eastern Association for the Surgery of
Trauma

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

Rogers et al. J Trauma. 2002;53:142–164.

American College of Surgeons- Committee
on Trauma

ACS TQIP Best Practices in the Management of TBI, January
2015.

https://www.facs.org/-/media/f iles/quality-
programs/trauma/tqip/tbi_guidelines.ashx

American College of Chest Physicians Antithrombotic Therapy and Prevention of Thrombosis, 9th ed:
American College of Chest Physicians Evidence-Based
Clinical Practice Guidelines.

Guyatt et al. Chest. 2012;141:Suppl:7S–47S.

National Institute for Health and Care
Excellence

NICE guidelines: VTE in over 16 s: reducing the risk of
hospital-acquired DVT or PE, 2018.

https://www.nice.org.uk/guidance/ng89

American Society of Hematology American Society of Hematology 2019 guidelines for
management of VTE: Prevention of VTE in surgical
hospitalized patients.

Blood Adv. 2019:3:3898–3944
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consensus clinical pathway for VTE prophylaxis (Fig. 1) that
can be implemented widely at all trauma centers.

This clinical protocolwas developed by stakeholders from
the American Association for the Surgery of Trauma and the
American College of Surgeons—Committee on Trauma. A liter-
ature review was conducted by members of the work group to
identify prospective and retrospective studies related to prophy-
laxis against DVT and/or PE in trauma patients. These studies
were reviewed by members of the group, and consensus guide-
lines were generated based on current literature and expert opin-
ion. Therefore, the clinical protocol presented here is based on
best available evidence and the consensus of experts on this
panel. However, treatment decisions regarding VTE prophylaxis
should be individualized for each patient and do not exclude
other treatment strategies as being within the standard of care.
Ultimately, the responsibility to implement treatment decisions
Figure 1. Inpatient trauma VTE prophylaxis algorithm.

© 2021 Wolters Kluwer Health, Inc. All rights reserved.
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rest with the treating physician and not with the working group
that has developed the protocol presented here.

Evidence Base: Brief Summary
VTE Risk Scoring Systems

Multiple scoring systems exist to stratify VTE risk and the
need for pharmacologic prophylaxis. The Trauma Embolic Scor-
ing Systemwas developed specifically for trauma patients and in-
cludes obesity, ventilator duration longer than 3 days, lower-
extremity trauma, age, and Injury Severity Score as risk factors
for VTE.23 ATrauma Embolic Scoring System score greater than
6 has a sensitivity of 81.6% and specificity of 84% for predicting
VTE. In addition, the Risk Assessment Profile of Greenfield has
been examined in trauma patients. Applying this scoring tool in a
trauma population was found to have a sensitivity of 82% and
599

ealth, Inc. All rights reserved.

https://www.facs.org/-/media/files/quality-programs/trauma/tqip/tbi_guidelines.ashx
https://www.facs.org/-/media/files/quality-programs/trauma/tqip/tbi_guidelines.ashx
https://www.nice.org.uk/guidance/ng89


Yorkgitis et al.
J Trauma Acute Care Surg

Volume 92, Number 3

D
ow

nloaded from
 http://journals.lw

w
.com

/jtraum
a by V

1R
9qA

gW
99o5j886m

oF
dA

quIeS
7+

X
idaIrqw

gLX
gds5B

vm
R

C
x

O
V

/Q
iq3G

xt2sW
tpZ

K
U

P
U

ztB
Q

sLJd3yG
spH

9yB
U

bT
2O

bx3slE
88jR

hW
N

8m
2w

S
32D

a0A
tS

N
F

bnB
szO

vZ
c on 11/18/2024
specificity of 57% for predicting VTE.24 Certain injury patterns
are also known to be high risk for VTE development, including
spine fracture, pelvic fracture, long bone fracture, and venous in-
jury repair.8 Further, comorbidities, including history of prior
VTE, inherited clotting disorder, or the presence of malignancy
should be considered when assessing VTE risk after trauma.
While scoring systems are helpful for stratifying risk, most in-
jured patients that require hospitalization are at increased risk
of VTE. Therefore, we recommend that pharmacologic VTE
prophylaxis should be initiated promptly, without the need for
formal risk scoring, unless the patient is ambulatory and has
an expected length of stay less than 24 hours.
Dosing of Pharmacologic VTE Prophylaxis
Enoxaparin is the first choice for pharmacologic VTE pro-

phylaxis for trauma patients with higher doses now considered the
standard of care. When choosing the starting dose, enoxaparin
40 mg twice daily should be initiated for most trauma patients
as 30mg twice daily may result in inadequate pharmacologic pro-
phylaxis and a higher VTE rate.25–29 Determining which patients
should be started on a dose less than 40 mg twice daily may be
based on age, weight, or creatinine clearance.27 Patients who are
older than 65 years, weigh less than 50 kg, or have a creatinine
clearance of 30 to 60 mL/min should receive an initial enoxaparin
dose of 30mg twice daily because these characteristics are predic-
tive of lower enoxaparin requirements.22 Those with traumatic
brain injury (TBI), spinal cord injury (SCI), and pregnant patients
should also continue to receive an initial enoxaparin dose of
30 mg twice daily because of the need for additional research
on enoxaparin dosing in these patients.22Mild tomoderate throm-
bocytopenia (platelets, 50,000–100,000) should not interferewith
VTE chemoprophylaxis.

After the initial enoxaparin dosing, adjustments may be
needed to the dose according to anti-Xa levels, with a recom-
mended target of 0.2 to 0.4 IU/mL for peak levels or 0.1 to
0.2 IU/mL for trough levels.22,25–27 Increasing the initial
enoxaparin dose for obesity may be considered although moni-
toring anti-Xa levels is recommended for the obese because of
the fluctuations in creatinine clearance that may occur after
trauma.30 For patients with a body mass index greater than 30,
enoxaparin may be dosed at 0.5 mg/kg twice daily.29 Impor-
tantly, weight is not a significant predictor of which patients re-
quire a high or low enoxaparin dose, rather the creatinine clear-
ance is the only independent factor that predicts the dose in high
and low weight patients.31,32 Care should be taken when dosing
enoxaparin by weight in middle age or elderly obese trauma
patients who have a low to normal creatinine clearance and, there-
fore, may require less than the predicted enoxaparin dose.31 Sim-
ilarly, young thin trauma patients with a high creatinine clearance
may require a higher than predicted enoxaparin dose.32 Whatever
the dose, pharmacologic prophylaxis should be provided early
and continuously for most trauma patients while avoiding missed
doses for orthopedic and other surgical procedures.22 For patients
with end-stage renal disease or a creatinine clearance of less than
30 mL/min, subcutaneous unfractionated heparin (UH) at
5000 units every 8 hours is the preferred pharmacologic VTE pro-
phylaxis.22,33 For obese patients (bodymass index > 30), UHmay
be dosed at 7500 units every 8 hours.34 Other than for renal failure
600

Copyright © 2022 Wolters Kluwer H
or a low creatinine clearance, enoxaparin is preferable to UH as
enoxaparin has increased bioavailability, longer plasma-half life,
more predictable pharmacokinetics and pharmacodynamics, in-
teracts less with platelets, and an exceedingly rare incidence of
heparin-induced thrombocytopenia at prophylactic dosing.35,36

Although UH at 5000 units three times daily is often suggested
as “noninferior” to enoxaparin 30 mg twice daily, enoxaparin
is now provided at higher doses, so this comparison is no longer
applicable to the current standard of care. In addition, support
for UH three times daily is based on a trial that was underpow-
ered to make this conclusion, and more recently, enoxaparin
30 mg twice daily was established as superior to UH 5000 units
three times daily.15,37,38

VTE Pharmacologic Prophylaxis for Blunt Solid
Organ Injury

Trauma patients with blunt solid organ injury have been
shown to have a hypercoagulable phenotype as early as 12 hours
from admission. Early pharmacologic VTE prophylaxis
(≤48 hours) in patients with blunt solid organ injury has
been associated with decreased DVTand PE rates without in-
creased risk of failure of nonoperative management, transfusion
requirements, or mortality in patients with moderate grades of
AAST blunt solid organ injury.39,40

Early VTE prophylaxis (≤48 hours) was associated with
decreased DVT (1.9% vs. 4.1%) and PE (1.0% vs. 1.8%) rates
compared with late prophylaxis (>48 hours) in a study of 36,187
patients with blunt solid organ injury undergoing nonoperative
management.40 Patients in the late prophylaxis and no prophylaxis
groups were more likely to have a high-grade blunt solid organ
injury. There was no difference in failure of nonoperative man-
agement or postprophylaxis administration of packed red blood
cell transfusion. Early VTE prophylaxis (≤48 hours) was associ-
ated with decreased DVT (3% vs. 9%) rates in another prospec-
tive study of 118 patients with blunt solid organ injury selected
for nonoperative management.41 There were no nonoperative
failures or need for interventional radiology procedures after
chemical VTE prophylaxis initiation. Patients in the late prophy-
laxis group were more likely to have a TBI.

Thus, we recommend early pharmacologic VTE prophy-
laxis (within 24–48 hours) in patients with blunt solid organ in-
jury. Early pharmacologic VTE prophylaxis in Grade IV and
Grade V injuries should be approached with caution as the liter-
ature regarding these grades of injury is sparse; however, phar-
macologic VTE prophylaxis should be initiated once bleeding
has stabilized.

VTE Pharmacologic Prophylaxis for TBI
Because of the potential for expansion of intracranial

hemorrhage, TBI represents a special consideration for initiation
of VTE prophylaxis following trauma. Approximately 54% to
63% of patients with TBI will develop a VTE if they do not re-
ceive appropriate chemical prophylaxis.8,42 The most important
finding when determining initiation of VTE chemical prophy-
laxis is progression of intracranial hemorrhage on imaging.43

Utilization of the modified Berne-Norwood criteria, a tiered ap-
proach to guide VTE chemoprophylaxis initiation in patients
with TBI has shown efficacy in VTE prevention and safety
© 2021 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. Modified Berne-Norwood Criteria44

Risk Stratification Criteria Initiation of VTE Prophylaxis

Low risk No moderate- or high-risk criteria Pharmacologic prophylaxis at 24 h if CT stable

Moderate risk Subdural hematoma >8 mm
Epidural hematoma >8 mm
Contusion or intraventricular hemorrhage >2 cm
Multiple contusions in a single lobe
Subarachnoid hemorrhage with abnormal CT angiogram
Evidence of progression at 24 h

Pharmacologic prophylaxis at 72 h if CT stable

High risk ICP monitor placement
Craniotomy
Evidence of progression at 72 h

Consider screening lower-extremity duplex or IVC filter
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(Table 2). These criteria risk stratify patients into low, medium
and high-risk TBIs. The importance of treating TBI as a hetero-
geneous disease aligns with clinical practice where increased se-
verity of intracranial hemorrhage is associated with significantly
higher rates of TBI progression.44–49 Patients with low-risk TBI
without progression on follow-up CT scan may have prophylaxis
safely initiated at 24 hours postinjury. Patients with high-risk TBI
without progression on repeat imaging can have VTE prophylaxis
safely initiated at 72 hours.50 Adherence with the modified Berne-
Norwood criteria is associated with a significant reduction in VTE
events for TBI patients without added risk of TBI progression.44,51,52

Many trauma centers follow the Brain Injury Guidelines
(BIG) in which repeat CT head is not routinely done in BIG 1
and 2 injuries and is done at 6 hours after the initial head CT in
BIG 3 patients.53 Initiation of VTE chemical prophylaxis in the
low-risk BIG 1 and 2may be prudent 24 hours to 48 hours after in-
jury if neurologic examination remains stable. In patients in the
BIG3 category, initiation should be considered in less than72 hours
if the patient remains stable on neurologic examination and has no
expansion of intracranial hemorrhage on repeat imaging.52
VTE Pharmacologic Prophylaxis for Spinal
Fracture/SCI

Patients with spine fracture and/or SCI are at very high
risk for the development of VTE complications.8 The primary
risk factor in SCI appears to be the venous stasis associated with
the loss of voluntary motor function in this patient population.
Thus, initiation of chemoprophylaxis as soon as possible follow-
ing injury is necessary to reducemorbidity and mortality follow-
ing SCI. However, similar to the TBI patient population, the
hemorrhagic complications associated with chemoprophylaxis
can be devastating, particularly in patients with SCI involving the
cervical levels of the spinal cord.54 For these reasons, determining
the optimal timing of initiation of chemoprophylaxis following SCI
or spinal fracture is of paramount importance, but is also somewhat
controversial. While the overall strength of scientific evidence is
low, it appears that initiation of pharmacologic VTE prophylaxis
within 48 hours of injury or spine surgery is associated with a
reduced incidence of DVT and PE, with no associated increase
in hemorrhagic complications.55–57

An early observational study noted a lower incidence of
VTE in patients given chemoprophylaxis within 72 hours of injury,
but did not comment on the risk of hemorrhage complications.58

Twomore recent studies, both using a propensity-matched analysis
© 2021 Wolters Kluwer Health, Inc. All rights reserved.
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of TQIP data, demonstrated a lower incidence of thromboembolic
complications with no increase in hemorrhagic complications in
patients started on low molecular weight heparin within 48 hours
of injury or surgery, compared with those initiated after 48 hours.
These patient populations included those with nonoperative blunt
spine trauma without SCI, as well as patients with spine trauma
managed operatively, with and without SCI.59,60

Intraspinal hematoma expansion is a particularly feared
complication associated with early initiation of chemoprophy-
laxis in SCI patients. A recent single-institution retrospective
study compared early (≤48 hours) versus late (>48 hours) initi-
ation of chemoprophylaxis (heparinoids or aspirin), and noted
only a 1% incidence of intraspinal hematoma expansion, with
no significant difference in this complication between the early
and late groups.55 Thus, we recommend initiation of chemopro-
phylaxis within 48 hours of injury or spine surgery, as this strat-
egy appears to be both effective in reducing the incidence of
VTE in patients with spine fracture/SCI, and safe with respect
to hemorrhagic complications, including intraspinal hematoma.
Screening Venous Duplex for DVT
There are wide variations in the practice of routine duplex

ultrasonography to detect asymptomatic DVT in trauma cen-
ters.61 Screening for DVT via lower-extremity ultrasonography
(LUS) is associated with increased rate of detection for DVT,
however is not associated with decreased PE rates.62 A review
of 442,108 patients from the National Trauma Data Bank evalu-
ated the association between LUS and VTE diagnosis.63 Centers
were subgrouped as high screening (>2% of patients receiving
LUS) and low screening (<2% of patients receiving LUS). The
DVT identification was associated with high-screening centers
(odds ratio, 1.43); however, there were no difference in PE rates
(odds ratio, 1.01). Similarly, routine screening forDVTin asymptomatic
trauma patients increases rate of VTE identification, however
this does not appear to have an effect on rates of symptomatic
VTE or PE. Routine VTE Screening is, therefore, not recom-
mended for all trauma patients, and is a Grade 2C American
College of Chest Physicians (CHEST) guideline.33

Routine screening for DVT in high-risk (Risk Assessment
Profile >10), asymptomatic trauma patients may improve VTE
identification and decrease rate of symptomatic PE. In addition,
screening duplex for asymptomatic patients may identify throm-
bus with high-risk features that may be associated with elevated
risk of PE. In a study of routine surveillance, a lower symptomatic
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PE rate (1.9 vs. 7%) was reported in high-risk patients whowere
screened with weekly venous duplex ultrasound.64 Caution
should be applied as there was no standardization of timing of
treatment postidentification of VTE, the overall number of PEs
was low (3.7% of patients), and asymptomatic PEs that were
identified were excluded. We recommend routine lower extrem-
ity duplex screening for asymptomatic patients only if they are
considered high risk for VTE.

IVCF Placement
Current literature does not support the use of prophylactic

IVCFs in trauma patients, based on data from amulticenter RCT
of 240 patients with Injury Severity Score greater than 15, con-
firming no reduction in PE or 90-day mortality.65 Early data be-
fore timelier and more aggressive pharmacologic VTE prophy-
laxis had shown utility to prophylactic IVCFs.21 CHEST, the So-
ciety of Interventional Radiology and American Society of
Hematology (ASH) all concluded that IVCFs should not be rou-
tinely used for VTE prophylaxis in trauma patients.20,66,67

The use of IVCFs is associated with an increased risk of
DVT and low retrieval rate without a reduction in PE or mortal-
ity. Costs associated with IVCFs are not inconsequential.68,69 In
rare instances in which a trauma patient is at extremely high risk
of complication from VTE chemoprophylaxis for a prolonged
period, the risks and benefits of IVCF placement must be consid-
ered.70 If IVCF placement is performed, structured follow-up pro-
grams are needed to resume anticoagulation when safe, and to in-
crease IVCF retrieval rates and detect complications.66,67,70

Limitations
It is important to note that not all occurrences of VTE after

trauma are preventable. In trauma patients, PE frequently occurs
in the absence of DVTand is thought to originate de novo in the
lungs as a result of activated pulmonary endothelium.71 The de-
cision to initiate VTE prophylaxis requires an analysis of the
benefit of pharmacologic prophylaxis to decrease thrombosis
versus the risk of bleeding in patients with high-risk injury pat-
terns. These decisions must be individualized for each patient;
however, all attempts should be made to initiate pharmacologic
prophylaxis as soon as possible due to the high risk of VTE in
the injured patient. While an extensive literature review was con-
ducted and current studies were evaluated and discussed by work
group members, a formal evaluation of the level of evidence re-
viewed nor the strength of recommendations provided are in-
cluded as part of this clinical guideline. Finally, this clinical proto-
col provides recommendations for inpatient VTE prophylaxis but
does not address the need for continued VTE prophylaxis after
hospital discharge for high-risk patients with prolonged immo-
bility, weight-bearing restrictions, or an ongoing prothrombotic
state after injury.

CONCLUSION

With the inherent increased risk of VTE in the trauma pop-
ulation, prophylaxis remains paramount to prevent potentially
lethal complications. Through this evidenced-based guideline,
common areas of controversy with regards to VTE prophylaxis
are addressed (see Supplemental Digital Content, http://links.
lww.com/TA/C217). With varied VTE prophylaxis regimens
602
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throughout trauma centers, this clinical protocol provides recom-
mendations to assist in standardizing VTE prophylaxis practices
to minimize the risk of VTE in the injured patient. This clinical
protocol can potentially serve as a resource for centers that cur-
rently do not have a formalized protocol for VTE prophylaxis
or for centers that need to update their protocols to reflect more
recent published data on optimal strategies.

AUTHORSHIP

All authors participated in the literature review and development of the
clinical protocol. A.E.B., A.C. and R.K. developed the algorithm. B.K.Y.,
L.N., and T.W.C. drafted the article. All authors participated in critical re-
view and revision of the article.

DISCLOSURE

The authors declare no conflicts of interest.

REFERENCES
1. Centers for Disease Control and Prevention. Venous Thromboembolism

(BloodClots).Available at: https://www.cdc.gov/ncbddd/dvt/data.html.Accessed
February 16, 2021.

2. Cushman M. Epidemiology and risk factors for venous thrombosis. Semin
Hematol. 2007;44:62–69.

3. Knudson MM, Ikossi DG, Khaw L, Morabito D, Speetzen LS. Thromboem-
bolism after trauma: an analysis of 1602 episodes from theAmericanCollege
of Surgeons National Trauma Data Bank. Ann Surg. 2004;240:490–496; dis-
cussion 496–8.

4. Owings JT, Gosselin R. Acquired antithrombin deficiency following severe
traumatic injury: rationale for study of antithrombin supplementation. Semin
Thromb Hemost. 1997;23(Suppl 1):17–24.

5. Paffrath T, Wafaisade A, Lefering R, Simanski C, Bouillon B, Spanholtz T,
Wutzler S, Maegele M, Trauma registry of DGU. Venous thromboembolism
after severe trauma: incidence, risk factors and outcome. Injury. 2010;41:
97–101.

6. Chiasson TC, Manns BJ, Stelfox HT. An economic evaluation of venous
thromboembolism prophylaxis strategies in critically ill trauma patients at
risk of bleeding. PLoS Med. 2009;6:e1000098.

7. Reiff DA, Haricharan RN, Bullington NM, Griffin RL, McGwin G Jr,
Rue LW 3rd. Traumatic brain injury is associated with the development of
deep vein thrombosis independent of pharmacological prophylaxis. J Trauma.
2009;66:1436–1440.

8. GeertsWH, CodeKI, Jay RM, Chen E, Szalai JP. A prospective study of venous
thromboembolism after major trauma. N Engl J Med. 1994;331:1601–1606.

9. Selby R, Geerts W, Ofosu FA, Craven S, Dewar L, Phillips A, Szalai JP. Hy-
percoagulability after trauma: hemostatic changes and relationship to venous
thromboembolism. Thromb Res. 2009;124:281–287.

10. Bendinelli C, Balogh Z. Postinjury thromboprophylaxis. Curr Opin Crit
Care. 2008;14:673–678.

11. Dunbar NM, Chandler WL. Thrombin generation in trauma patients. Trans-
fusion. 2009;49:2652–2660.

12. Machado-Aranda DA, Jakubus JL, WahlWL, Cherry-Bukowiec JR, To KB,
Park PK, Raghavendran K, Napolitano LM, Hemmila MR. Reduction in ve-
nous thromboembolism events: trauma performance improvement and loop
closure through participation in a state-wide quality collaborative. J Am Coll
Surg. 2015;221:661–668.

13. Farrell L, Romeo O, Johnson R. Timely venous thromboembolism prophy-
laxis in trauma: a team approach to process improvement. J Trauma Nurs.
2020;27:185–189.

14. Checchi KD, Costantini TW, Badiee J, Berndtson AE, Calvo RY, Rooney AS,
Wessels LE, Prieto JM, Sise CB, Sise MJ, et al. A tale of two centers: is low-
molecular-weight heparin really superior for prevention of posttraumatic ve-
nous thromboembolism? J Trauma Acute Care Surg. 2021;91:537–541.

15. Jacobs BN, Cain-Nielsen AH, Jakubus JL,Mikhail JN, Fath JJ, Regenbogen SE,
Hemmila MR. Unfractionated heparin versus low-molecular-weight heparin for
venous thromboembolism prophylaxis in trauma. J Trauma Acute Care Surg.
2017;83:151–158.

16. Alvarado AM, Porto GBF, Wessell J, Buchholz AL, Arnold PM. Venous
thromboprophylaxis in spine surgery. Global Spine J. 2020;10:65S–70S.
© 2021 Wolters Kluwer Health, Inc. All rights reserved.

ealth, Inc. All rights reserved.

http://links.lww.com/TA/C217
http://links.lww.com/TA/C217
https://www.cdc.gov/ncbddd/dvt/data.html


J Trauma Acute Care Surg
Volume 92, Number 3 Yorkgitis et al.

D
ow

nloaded from
 http://journals.lw

w
.com

/jtraum
a by V

1R
9qA

gW
99o5j886m

oF
dA

quIeS
7+

X
idaIrqw

gLX
gds5B

vm
R

C
x

O
V

/Q
iq3G

xt2sW
tpZ

K
U

P
U

ztB
Q

sLJd3yG
spH

9yB
U

bT
2O

bx3slE
88jR

hW
N

8m
2w

S
32D

a0A
tS

N
F

bnB
szO

vZ
c on 11/18/2024
17. Lim PK, Ahn J, Scolaro JA. Venous thromboembolism prophylaxis after pel-
vic and acetabular fractures: a survey of orthopaedic surgeons' current prac-
tices. J Am Acad Orthop Surg. 2020;28:750–755.

18. Raksin PB, Harrop JS, Anderson PA, Arnold PM, Chi JH, Dailey AT,
Dhall SS, Eichholz KM, Hoh DJ, Qureshi S, et al. Congress of Neurological
Surgeons systematic review and evidence-based guidelines on the evaluation
and treatment of patients with thoracolumbar spine trauma: prophylaxis and
treatment of thromboembolic events. Neurosurgery. 2019;84:E39–E42.

19. Agarwal N, Zenonos GA, Agarwal P, Walch FJ, Roach E, Stokes SJ,
Friedlander RM, Gerszten PC. Risk-to-benefit ratio of venous thromboem-
bolism prophylaxis for neurosurgical procedures at a quaternary referral cen-
ter. Neurosurgery. 2019;84:355–361.

20. Guyatt GH, Akl EA, Crowther M, Gutterman DD, Schuunemann HJ,
American College of Chest Physicians Antithrombotic Therapy and Preven-
tion of Thrombosis Panel. Executive summary: Antithrombotic Therapy and
Prevention of Thrombosis, 9th ed: American College of Chest Physicians
Evidence-Based Clinical Practice Guidelines. Chest. 2012;141:7S–47S.

21. 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;53:142–164.

22. Ley EJ, Brown CVR, Moore EE, Sava JA, Peck K, Ciesla DJ, Sperry JL,
Rizzo AG, Rosen NG, Brasel KJ, et al. Updated guidelines to reduce venous
thromboembolism in trauma patients: a Western Trauma Association critical
decisions algorithm. J Trauma Acute Care Surg. 2020;89:971–981.

23. Rogers FB, Shackford SR, Horst MA, Miller JA, Wu D, Bradburn E,
Rogers A, Krasne M. Determining venous thromboembolic risk assessment
for patients with trauma: the Trauma Embolic Scoring System. J Trauma
Acute Care Surg. 2012;73:511–515.

24. Hegsted D, Gritsiouk Y, Schlesinger P, Gardiner S, Gubler KD. Utility of the
Risk Assessment Profile for risk stratification of venous thrombotic events
for trauma patients. Am J Surg. 2013;205:517–520; discussion 520.

25. Ko A, Harada MY, Barmparas G, Chung K, Mason R, Yim DA, Dhillon N,
Margulies DR,Gewertz BL, Ley EJ. Association between enoxaparin dosage
adjusted by anti-factor Xa trough level and clinically evident venous throm-
boembolism after trauma. JAMA Surg. 2016;151:1006–1013.

26. Singer GA, Riggi G, Karcutskie CA, Vaghaiwalla TM, Lieberman HM,
Ginzburg E,NamiasN, Lineen EB. Anti-Xa-guided enoxaparin thrombopro-
phylaxis reduces rate of deep venous thromboembolism in high-risk trauma
patients. J Trauma Acute Care Surg. 2016;81:1101–1108.

27. Dhillon NK, Barmparas G, Lin TL, Linaval NT, Yang AR, Sekhon HK,
Mason R, Margulies DR, Gewertz BL, Ley EJ. A systems-based approach
to reduce deep venous thrombosis and pulmonary embolism in trauma pa-
tients. World J Surg. 2021;45:738–745.

28. Costantini TW, Min E, Box K, Tran V, Winfield RD, Fortlage D, Doucet J,
Bansal V, Coimbra R. Dose adjusting enoxaparin is necessary to achieve ad-
equate venous thromboembolism prophylaxis in trauma patients. J Trauma
Acute Care Surg. 2013;74:128–133; discussion 134-5.

29. Berndtson AE, Costantini TW, Lane J, Box K, Coimbra R. If some is good,
more is better: an enoxaparin dosing strategy to improve pharmacologic ve-
nous thromboembolism prophylaxis. J Trauma Acute Care Surg. 2016;81:
1095–1100.

30. Rodier SG, Bukur M, Moore S, Frangos SG, Tandon M, DiMaggio CJ,
Ayoung-Chee P, Marshall GT. Weight-based enoxaparin with anti-factor
Xa assay-based dose adjustment for venous thromboembolic event prophy-
laxis in adult trauma patients results in improved prophylactic range
targeting. Eur J Trauma Emerg Surg. 2021;47:145–151.

31. Hashim YM, Dhillon NK, Veatch JM, Barmparas G, Ley EJ. Clinical
characteristics associated with higher enoxaparin dosing requirements
for venous thromboembolism prophylaxis in trauma patients. Am Surg.
2021;87:1177–1181.

32. Veatch J, Hashim Y, Dhillon NK, Toscano S, Mason R, Lin TL, Barmparas G,
Ley EJ. Which trauma patients require lower enoxaparin dosing for venous
thromboembolism prophylaxis? Am Surg. 2020;86:1424–1427.

33. Gould MK, Garcia DA, Wren SM, Karanicolas PJ, Arcelus JI, Heit JA,
Samama CM. Prevention of VTE in nonorthopedic surgical patients: anti-
thrombotic therapy and prevention of thrombosis, 9th ed: American College
of Chest Physicians Evidence-Based Clinical Practice Guidelines. Chest.
2012;141:e227S–e277S.

34. GeertsWH, Jay RM, Code KI, Chen E, Szalai JP, Saibil EA, Hamilton PA. A
comparison of low-dose heparin with low-molecular-weight heparin as pro-
© 2021 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2022 Wolters Kluwer H
phylaxis against venous thromboembolism after major trauma. N Engl J
Med. 1996;335:701–707.

35. Shaikh S, Boneva D, Hai S, McKenney M, Elkbuli A. Venous thromboem-
bolism chemoprophylaxis regimens in trauma and surgery patients with obe-
sity: a systematic review. J Trauma Acute Care Surg. 2020;88:522–535.

36. Warkentin TE, Levine MN, Hirsh J, Horsewood P, Roberts RS, Gent M,
Kelton JG. Heparin-induced thrombocytopenia in patients treated with
low-molecular-weight heparin or unfractionated heparin. N Engl J Med.
1995;332:1330–1335.

37. Olson EJ, Bandle J, Calvo RY, Shackford SR, Dunne CE, Van Gent JM,
Zander AL, Sikand H, Bongiovanni MS, Sise MJ, et al. Heparin versus
enoxaparin for prevention of venous thromboembolism after trauma: a ran-
domized noninferiority trial. J Trauma Acute Care Surg. 2015;79:961–968;
discussion 968-9.

38. Byrne JP, Geerts W, Mason SA, Gomez D, Hoeft C, Murphy R, Neal M,
Nathens AB. Effectiveness of low-molecular-weight heparin versus unfrac-
tionated heparin to prevent pulmonary embolism following major trauma:
a propensity-matched analysis. J Trauma Acute Care Surg. 2017;82:252–262.

39. Coleman JR, Kay AB, Moore EE, Moore HB, Gonzalez E, Majercik S,
Cohen MJ, White T, Pieracci FM. It’s sooner than you think: blunt solid or-
gan injury patients are already hypercoagulable upon hospital admission—
results of a bi-institutional, prospective study. Am J Surg. 2019;218:1065–1073.

40. Skarupa D, Hanna K, Zeeshan M, Madbak F, Hamidi M, Haddadin Z,
Northcutt A, Gries L, Kulvatunyou N, Joseph B. Is early chemical thrombo-
prophylaxis in patients with solid organ injury a solid decision? J Trauma
Acute Care Surg. 2019;87:1104–1112.

41. Schellenberg M, Inaba K, Biswas S, Heindel P, Benjamin E, Strumwasser A,
Matsushima K, Lam L, Demetriades D. When is it safe to start VTE prophy-
laxis after blunt solid organ injury? A prospective study from a level I trauma
center. World J Surg. 2019;43:2797–2803.

42. Toker S, Hak DJ, Morgan SJ. Deep vein thrombosis prophylaxis in trauma
patients. Thrombosis. 2011;2011:505373.

43. Levy AS, Salottolo K, Bar-Or R, Offner P, Mains C, Sullivan M, Bar-Or D.
Pharmacologic thromboprophylaxis is a risk factor for hemorrhage progres-
sion in a subset of patients with traumatic brain injury. J Trauma. 2010;68:
886–894.

44. Pastorek RA, Cripps MW, Bernstein IH, Scott WW,Madden CJ, Rickert KL,
Wolf SE, Phelan HA. The Parkland Protocol's modified Berne-Norwood
criteria predict two tiers of risk for traumatic brain injury progression. J
Neurotrauma. 2014;31:1737–1743.

45. Beaumont A, Gennarelli T. CT prediction of contusion evolution after closed
head injury: the role of pericontusional edema. Acta Neurochir Suppl. 2006;
96:30–32.

46. Bee TK, Magnotti LJ, Croce MA, Maish GO, Minard G, Schroeppel TJ,
Zarzaur BL, Fabian TC. Necessity of repeat head CT and ICU monitoring
in patients with minimal brain injury. J Trauma. 2009;66:1015–1018.

47. Chieregato A, Fainardi E, Morselli-Labate AM, Antonelli V, Compagnone C,
Targa L, Kraus J, Servadei F. Factors associated with neurological outcome and
lesion progression in traumatic subarachnoid hemorrhage patients. Neurosur-
gery. 2005;56:671–680; discussion 671−80.

48. Park HK, Joo WI, Chough CK, Cho CB, Lee KJ, Rha HK. The clinical effi-
cacy of repeat brain computed tomography in patients with traumatic intra-
cranial haemorrhage within 24 hours after blunt head injury. Br J Neurosurg.
2009;23:617–621.

49. Velmahos GC, Gervasini A, Petrovick L, Dorer DJ, DoranME, Spaniolas K,
Alam HB, De Moya M, Borges LF, Conn AK. Routine repeat head CT for
minimal head injury is unnecessary. J Trauma. 2006;60:494–499; discussion
499-501.

50. Cothren CC, SmithWR,Moore EE,Morgan SJ. Utility of once-daily dose of
low-molecular-weight heparin to prevent venous thromboembolism in mul-
tisystem trauma patients. World J Surg. 2007;31:98–104.

51. Tignanelli CJ, Gipson J, Nguyen A, Martinez R, Yang S, Reicks PL,
Sybrant C, Roach R, Thorson M,West MA. Implementation of a prophylactic
anticoagulation guideline for patients with traumatic brain injury. Jt Comm J
Qual Patient Saf. 2020;46:185–191.

52. Margolick J, Dandurand C, Duncan K, Chen W, Evans DC, Sekhon MS,
Garraway N, Griesdale DEG, Gooderham P, Hameed SM. A systematic re-
view of the risks and benefits of venous thromboembolism prophylaxis in
traumatic brain injury. Can J Neurol Sci. 2018;45:432–444.

53. Joseph B, Friese RS, SadounM, Aziz H, Kulvatunyou N, Pandit V, Wynne J,
Tang A, O’Keeffe T, Rhee P. The BIG (brain injury guidelines) project:
603

ealth, Inc. All rights reserved.



Yorkgitis et al.
J Trauma Acute Care Surg

Volume 92, Number 3

D
ow

nloaded from
 http://journals.lw

w
.com

/jtraum
a by V

1R
9qA

gW
99o5j886m

oF
dA

quIeS
7+

X
idaIrqw

gLX
gds5B

vm
R

C
x

O
V

/Q
iq3G

xt2sW
tpZ

K
U

P
U

ztB
Q

sLJd3yG
spH

9yB
U

bT
2O

bx3slE
88jR

hW
N

8m
2w

S
32D

a0A
tS

N
F

bnB
szO

vZ
c on 11/18/2024
defining the management of traumatic brain injury by acute care sur-
geons. J Trauma Acute Care Surg. 2014;76:965–969.

54. Prevention of Venous Thromboembolism in Individualswith Spinal Cord Injury:
Clinical Practice Guidelines for Health Care Providers, 3rd ed.: Consortium for
Spinal Cord Medicine. Top Spinal Cord Inj Rehabil. 2016;22:209–240.

55. Chang R, Scerbo MH, Schmitt KM, Adams SD, Choi TJ, Wade CE,
Holcomb JB. Early chemoprophylaxis is associated with decreased venous
thromboembolism risk without concomitant increase in intraspinal hema-
toma expansion after traumatic spinal cord injury. J Trauma Acute Care
Surg. 2017;83:1088–1094.

56. DiGiorgio AM, Tsolinas R, Alazzeh M, Haefeli J, Talbott JF, Ferguson AR,
Bresnahan JC, Beattie MS, Manley GT, Whetstone WD, et al. Safety and ef-
fectiveness of early chemical deep venous thrombosis prophylaxis after spi-
nal cord injury: pilot prospective data. Neurosurg Focus. 2017;43:E21.

57. Ahlquist S, Park HY, Kelley B, Holly L, Shamie AN, Park DY. Venous
thromboembolism chemoprophylaxis within 24 hours of surgery for spinal
cord injury: is it safe and effective? Neurospine. 2020;17:407–416.

58. Aito S, Pieri A, D’AndreaM,Marcelli F, Cominelli E. Primary prevention of
deep venous thrombosis and pulmonary embolism in acute spinal cord in-
jured patients. Spinal Cord. 2002;40:300–303.

59. Khan M, Jehan F, O’Keeffe T, Hamidi M, Truitt M, Zeeshan M, Gries L,
Tang A, Joseph B. Optimal timing of initiation of thromboprophylaxis after
nonoperative blunt spinal trauma: a propensity-matched analysis. J Am Coll
Surg. 2018;226:760–768.

60. Zeeshan M, Khan M, O’Keeffe T, Pollack N, Hamidi M, Kulvatunyou N,
Sakran JV, Gries L, Joseph B. Optimal timing of initiation of thrombopro-
phylaxis in spine trauma managed operatively: a nationwide propensity-
matched analysis of trauma quality improvement program. J Trauma Acute
Care Surg. 2018;85:387–392.

61. Haut ER, Schneider EB, Patel A, Streiff MB, Haider AH, Stevens KA,
Chang DC, Neal ML, Hoeft C, Nathens AB, et al. Duplex ultrasound screen-
ing for deep vein thrombosis in asymptomatic trauma patients: a survey of
individual trauma surgeon opinions and current trauma center practices.
J Trauma. 2011;70:27–33; discussion 33−4.

62. Pierce CA, Haut ER, Kardooni S, Chang DC, Efron DT, Haider A,
Pronovost PJ, Cornwell EE 3rd. Surveillance bias and deep vein thrombosis
604

Copyright © 2022 Wolters Kluwer H
in the national trauma data bank: the more we look, the more we find.
J Trauma. 2008;64:932–936 discussion 936–7.

63. Dietch ZC, Edwards BL, Thames M, Shah PM, Williams MD, Sawyer RG.
Rate of lower-extremity ultrasonography in trauma patients is associated with
rate of deep venous thrombosis but not pulmonary embolism. Surgery. 2015;
158:379–385.

64. Allen CJ, Murray CR, Meizoso JP, Ginzburg E, Schulman CI, Lineen EB,
Namias N, Proctor KG. Surveillance and early management of deep vein
thrombosis decreases rate of pulmonary embolism in high-risk trauma pa-
tients. J Am Coll Surg. 2016;222:65–72.

65. Ho KM, Rao S, Honeybul S, Zellweger R, Wibrow B, Lipman J, Holley A,
Kop A, Geelhoed E, Corcoran T, et al. A multicenter trial of vena cava filters
in severely injured patients. New Engl J Med. 2019;381:328–337.

66. Kaufman JA, Barnes GD, Chaer RA, Cuschieri J, Eberhardt RT,
Johnson MS, Kuo WT, Murin S, Patel S, Rajasekhar A, et al. Society of In-
terventional Radiology Clinical Practice Guideline for Inferior Vena Cava
Filters in the Treatment of Patients with Venous Thromboembolic Disease:
developed in collaboration with the American College of Cardiology, Amer-
ican College of Chest Physicians, American College of Surgeons Committee
on Trauma, American Heart Association, Society for Vascular Surgery,
and Society for Vascular Medicine. J Vasc Interv Radiol. 2020;31:
1529–1544.

67. Kelkar AH, Rajasekhar A. Inferior vena cava filters: a framework for evidence-
based use.Hematology Am Soc Hematol Educ Program. 2020;2020:619–628.

68. Carlin MN, Daneshpajouh A, Catino J, Bukur M. Money well spent? A cost
and utilization analysis of prophylactic inferior vena cava filter placement in
high-risk trauma patients. J Surg Res. 2017;220:105–111.

69. Spangler EL, Dillavou ED, Smith KJ. Cost-effectiveness of guidelines for in-
sertion of inferior vena cava filters in high-risk trauma patients. J Vasc Surg.
2010;52:1537–45.e1-2.

70. Kelkar AH, Rajasekhar A. Do prophylactic inferior vena cava filters in
trauma patients reduce the risk of mortality or pulmonary embolism? Hema-
tology Am Soc Hematol Educ Program. 2020;2020:629–633.

71. Velmahos GC, Spaniolas K, Tabbara M, Abujudeh HH, de Moya M,
Gervasini A, Alam HB. Pulmonary embolism and deep venous thrombosis
in trauma: are they related? Arch Surg. 2009;144:928–932.
© 2021 Wolters Kluwer Health, Inc. All rights reserved.

ealth, Inc. All rights reserved.


