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ABSTRACT

Objectives Pharmacological venous thromboembolism
(VTE) prophylaxis is recommended in the vast majority
of trauma patients. The purpose of this study was to
characterize current dosing practices and timing of
initiation of pharmacological VTE chemoprophylaxis at
trauma centers.

Methods This was an international, cross-sectional
survey of trauma providers. The survey was sponsored
by the American Association for the Surgery of Trauma
(AAST) and distributed to AAST members. The survey
included 38 questions about practitioner demographics,
experience, level and location of trauma center, and
individual/site-specific practices regarding the dosing,
selection, and timing of initiation of pharmacological VTE
chemoprophylaxis in trauma patients.

Results One hundred eighteen trauma providers
responded (estimated response rate 6.9%). Most
respondents were at level 1 trauma centers (100/118;
84.7%) and had >10 years of experience (73/118;
61.9%). While multiple dosing regimens were used,

the most common dose reported was enoxaparin

30mg every 12 hours (80/118; 67.8%). The majority of
respondents (88/118; 74.6%) indicated adjusting the
dose in patients with obesity. Seventy-eight (66.1%)
routinely use antifactor Xa levels to guide dosing.
Respondents at academic institutions were more likely
to use guideline-directed dosing (based on the Eastern
Association of the Surgery of Trauma and the Western
Trauma Association guidelines) of VTE chemoprophylaxis
compared with those at non-academic centers (86.2%
vs 62.5%; p=0.0158) and guideline-directed dosing
was reported more often if the trauma team included a
clinical pharmacist (88.2% vs 69.0%; p=0.0142). Wide
variability in initial timing of VTE chemoprophylaxis after
traumatic brain injury, solid organ injury, and spinal cord
injuries was found.

Conclusions A high degree of variability exists in
prescribing and monitoring practices for the prevention
of VTE in trauma patients. Clinical pharmacists may

be helpful on trauma teams to optimize dosing and
increase prescribing of guideline-concordant VTE
chemoprophylaxis.

BACKGROUND

Venous thromboembolism (VTE) prophylaxis with
either low-dose unfractionated heparin (UFH)
or low molecular weight heparin (LMWH) is
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recommended for hospitalized trauma patients,
with LMWH being preferred for most patients.'™
Ongoing debate exists regarding the optimal dosing
of LMWH, timing of initiation in patients at high
risk of hemorrhage, and duration of VTE chemo-
prophylaxis after discharge.’'$

Enoxaparin is the LMWH currently recom-
mended and the most common agent in the USA.3#
Previous studies have demonstrated that ‘standard’
enoxaparin doses do not achieve target prophy-
lactic antifactor Xa (anti-Xa) levels to prevent VTE
complications in trauma patients.® Therefore, many
practitioners have adopted practices to monitor
anti-Xa levels and provide dose adjustments to
achieve anti-Xa targets. Additionally, patients with
obesity are at high risk for failure of thrombopro-
phylaxis and some clinicians opt for higher, initial,
fixed-dose enoxaparin or weight-based regimens in
this patient population.” While higher alternative
enoxaparin dosing regimens have demonstrated
improved attainment of target anti-Xa levels, the
addition of routine monitoring can be costly and
the impact on clinical outcomes is controver-
sial, making adoption into standard practice vari-
able.S—ll 16

Timing of initiation, duration of VTE chemo-
prophylaxis, holding doses for procedures, and
screening for VTE are other practices that may vary
significantly. Ideally, most trauma patients should
receive pharmacological VTE chemoprophylaxis
within 24 hours of admission and in an uninter-
rupted fashion. In some cases, delaying initiation of
VTE chemoprophylaxis is necessary due to active
bleeding, coagulopathy, traumatic brain injury (TBI),
spinal cord injury (SCI), solid organ injury, epidural
catheter placement, or hemorrhage risk.>**® In these
circumstances, less guidance is available regarding
optimal timing of chemoprophylaxis which can
lead to significant delays.® 4 '>'* Moreover, the
optimal agent and duration of VTE chemoprophy-
laxis postdischarge and routine screening practices
are controversial.1> 17

Previously, a survey of a small cohort of trauma
surgeon leaders demonstrated that variation exists
in clinical practice for VTE chemoprophylaxis.”” A
larger survey of trauma surgeons has also shown
wide variation in screening for deep vein throm-
bosis after trauma.'® Since that time, updated clin-
ical practice algorithms have been published to
influence practice patterns; yet, discrepancies and
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gaps in guideline recommendations remain that may cause vari-
ation in practices to persist.’> # 121* Therefore, the purpose of this
study was to characterize the current VTE chemoprophylaxis
practices in trauma patients through a survey of a broad group
of trauma providers and compare responses with the current
guideline recommendations.

METHODS

We conducted an international, cross-sectional survey of trauma
providers. The survey was sponsored by the American Associ-
ation for the Surgery of Trauma (AAST). It was developed and
disseminated using Qualtrics (Provo, Utah, USA), an online
survey and distribution software.

A convenience sample from the AAST mailing list was
included. Participants were invited to complete the survey
using an anonymous, electronic link sent via the AAST listserv
in March 2021. One reminder email was sent in April 2021.
The survey link was also available to be accessed via the AAST
webpage. Participation in the survey was voluntary and respon-
dents consented to participate by completing and submitting the
survey. Incomplete responses were excluded from analysis. The
survey was estimated to take 5-10 min to complete.

Two trauma physicians and one clinical pharmacist initially
developed the survey items based on guideline recommenda-
tions and gaps. Five trauma physicians and two advanced prac-
tice providers who were not study investigators completed pilot
testing to review content, determine ease of use, and identify
errors. Feedback from testers was then incorporated into the final
version and the changes were approved by study investigators.

The survey was a 38-item questionnaire (online supplemental
appendix A). It was separated into six sections, including: demo-
graphics, preferred pharmacological drug and dose, monitoring
practices, screening of asymptomatic patients, duration of VTE
chemoprophylaxis postdischarge, and timing to initiation of
chemoprophylaxis in patients with TBI, solid organ injury, and
SCI. Display logic was used for 17 questions based on previous
responses. For example, if respondents answered they did not
routinely dose adjust enoxaparin based on anti-Xa levels, ques-
tions on anti-Xa monitoring were not displayed and participants
were automatically advanced to the next section.

At the time of first distribution, Practice Management Guide-
lines from the Eastern Association of the Surgery of Trauma
and the Western Trauma Association (WTA) were available.! 3
Respondents were asked to select their standard regimen (agent
and dose) for VTE chemoprophylaxis in trauma patients without
obesity (body mass index <30) with normal renal function (creat-
inine clearance =30 mL/min). Guideline-directed therapy in this
patient population was defined as enoxaparin 30 mg subcutane-
ously every 12 hours, enoxaparin 40 mg subcutaneously every 12
hours, or enoxaparin 0.5 mg/kg subcutaneously every 12 hours.
Comparisons of responses based on trauma center type, trauma-
level designation, presence of a clinical pharmacist, and institu-
tional VTE protocol were done.

Responses were analyzed using descriptive and frequency
statistics. Comparisons between groups were analyzed using a
two-tailed, Fisher’s exact test. Data analyses were performed
using SPSS V.27.0 (SPSS, Chicago, Illinois, USA).

RESULTS

One hundred thirty-one trauma providers responded. Thirteen
responses were excluded due to incomplete data, leaving 118
responses for analysis. The invitation to participate was sent to

Table 1 Respondent and institution demographics
Demographic (n=118) N (%)
Type of institution
Academic 94 (79.7)
Community/Other 24 (20.3)
Physician (MD/DO) respondent 117 (99.2)
State/Regional trauma designation
Level | 100 (84.7)
Level Il 17 (14.4)
Level Il 1(0.8)
ACS-certified trauma center 91 (77.1)
Geographic location
Midwest 20 (16.9)
Northeast 32 (27.1)
South 37 (31.4)
West 22 (18.6)
International 7(5.9)
Years in practice
<2 20 (16.9)
5-6 9(7.6)
6-10 16 (13.6)
>10 73 (61.9)
Protocol for VTE prophylaxis 103 (87.3)
Trauma team includes a clinical pharmacist 76 (64.4)

ACS, American College of Surgeons; DO, Doctor of Osteopathic Medicine; MD,
Doctor of Medicine; VTE, venous thromboembolism.

1466 AAST members. The response rate was estimated to be
8.0%.

The 118 respondents represented 98 institutions from widely
distributed geographic locations. Respondent demographics are
reported in table 1. Seven (5.9%) respondents were affiliated
with an international trauma center. Most respondents were at
level 1 trauma centers (100/118; 84.7%) and had an institutional
protocol for VTE prophylaxis approved (103/118; 87.3%).

Table 2 lists the respondents’ standard dosing regimens for
VTE chemoprophylaxis and comparisons between groups. The
most common medication and dose reported was enoxaparin
30mg subcutaneously two times per day (80/118; 67.8%).
Guideline-directed dosing of VTE chemoprophylaxis was
the standard for 81.4% (96/118) of the cohort. The majority
indicated adjusting the dose in patients with obesity (88/118;
74.6%). Additionally, 78 (66.1%) routinely use anti-Xa levels
to guide dosing. Most respondents use UFH (5000 units every
8 hours or every 12 hours) for patients with renal dysfunction
(81/118; 68.6%).

Respondents at academic institutions were more likely
to use guideline-directed dosing of VTE chemoprophylaxis
compared with those at non-academic centers (86.2% vs 62.5%;
p=0.0158) and guideline-directed dosing was reported more
often if the trauma team included a clinical pharmacist (88.2%
vs 69.0%; p=0.0142). Respondents at academic centers and/or
those who rounded with a clinical pharmacist were more likely
to dose adjust VTE chemoprophylaxis for patients with obesity
(79.8% vs 54.2%; p=0.0168 and 81.6% vs 61.9%; p=0.0268,
respectively). No differences were detected in findings from
respondents at level I versus level II/IIl trauma centers or those
that had a VTE protocol adopted versus not (table 2).

Most respondents indicated not routinely screening asymp-
tomatic patients for VTE with duplex ultrasound (90/118;
76.3%). Of those who do routinely screen patients for VTE,
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Table 3  Postdischarge venous thromboembolism prophylaxis
practices

Question response N (%)

Discharge high-risk patients on VTE prophylaxis (n=118)

Yes 73 (61.9)
No 33(28.0)
No response 12(10.2)
Injuries for postdischarge VTE prophylaxis (n=73)*
Spinal column injuries with neurological deficits 43 (58.9)
Non-weight-bearing status to bilateral lower extremities 60 (82.2)
Non-weight-bearing status to one lower extremity 29 (39.7)
Pelvic fracture 51 (69.9)
Other 7(9.6)
No response 8(11.0)
Agents used for postdischarge VTE prophylaxis (n=73)*
Aspirin 81 mg orally daily 11 (15.1)
Aspirin 81 mg orally two times per day 4(5.5)
Aspirin 325 mg orally daily 6(8.2)
Aspirin 325 mg orally two times per day 3(4.1)
Enoxaparin 30 mg subcutaneously two times per day 52 (71.2)
Enoxaparin 40 mg subcutaneously daily 7(9.6)
Warfarin 7(9.6)
DOAC 8(11.0)
Other 6(8.2)
No response 8(11.0)

Duration of postdischarge VTE prophylaxis (n=73)

7 days 0(0.0)
14 days 1(1.4)
21 days 13(17.8)
1 month 14 (19.2)
3 months 1(1.4)
Varies based on the indication 27 (37.0)
Other 5(6.8)
No response 12 (16.4)

*Select all that apply.
DOAC, direct oral anticoagulant; VTE, venous thromboembolism.

60% (9/15) responded that screening occurred every 7 days.
Others reported various timeframes for screening, such as twice
weekly, on day 3 if not on pharmacological prophylaxis then
weekly, once at hospital day 10-14, or based on thromboelas-
tography assay.

Seventy-three participants (61.9%) reported using pharma-
cological VTE prophylaxis postdischarge in high-risk patients.
The most common medications reported following discharge
were enoxaparin 30mg subcutaneously two times per day
(52/73;5 71.2%) and aspirin 81 mg oral daily (11/73; 15.1%).
Non-weight-bearing status to bilateral lower extremities was the
indication most agreed on for postdischarge chemoprophylaxis
(60/73; 82.2%), followed by pelvic fractures (51/73; 69.9%),
and SCI (43/73; 58.9%). Most commonly, respondents indicated
that the duration of postdischarge chemoprophylaxis varied
based on the indication (27/73; 37.0%) (table 3).

Wide variability in initial timing of VTE chemoprophylaxis
after TBI, solid organ injury, and SCI was found. Figure 1 demon-
strates the timing to initiation of pharmacologic VTE prophy-
laxis (either LMWH or UFH) in patients with TBI, solid organ
injury, and operative SCI post-fixation. Most participants had an
institutional protocol approved for VTE prophylaxis in patients
with TBI (69/118; 58.5%), while others indicated that the

3

decision to initiate chemoprophylaxis was not standardized and
based on consultant recommendation (22/118; 18.6%). Fewer
respondents indicated having an institutional VTE prophylaxis
protocol for patients with solid organ injuries (45/118; 38.1%)
or SCI (46/118; 39.0%).

DISCUSSION

While the majority of trauma providers use enoxaparin as the
standard medication for VTE chemoprophylaxis following
trauma, survey results indicate that significant variation exists
regarding the optimal dose, dose adjustment, and monitoring
strategies. Multiple indications, medications, and durations of
treatment were identified for VTE chemoprophylaxis postdis-
charge. Additionally, wide variability in initial timing of VTE
chemoprophylaxis after TBI, solid organ injury, and SCI existed.

Clinical practice guidelines are aimed at standardizing and
improving patient outcomes. Barriers to implementation of
guidelines are multifactorial. Personal beliefs, disagreement
among providers, system-based barriers, and lack of aware-
ness may lead to deviations in clinical practice.?’ 2! Similar to
previous surveys, the results of this study reaffirm that variation
continues to exists regarding VTE chemoprophylaxis practices,
despite new practice guidelines.” 2 Factors identified that may
improve adoption of clinical practice guideline recommenda-
tions for VTE prevention were practice at an academic institu-
tion and inclusion of a clinical pharmacist on the trauma team.
This is likely due to increased communication, routine educa-
tional opportunities, and enthusiasm from learners to incor-
porate recommendations into practice at academic centers. In
addition, clinical pharmacists provide medication education,
develop evidence-based institutional protocols, enact changes to
the electronic health record to influence prescribing practices,
and provide medication monitoring and dose recommendations
to achieve drug targets that may be impactful to the provision
of guideline-concordant VTE chemoprophylaxis and increased
monitoring.?

Agreement across clinical practice guidelines and surgical
specialties is needed to standardize VTE chemoprophylaxis in
trauma patients. Despite clear guideline recommendations,
disagreement among trauma and consulting providers regarding
the risk of bleeding versus the risk of thrombosis can lead to
deviation from practice guidelines or delays in care. In addition,
while the WTA and AAST/American College of Surgeons (ACS)-
Committee on Trauma (COT) guidelines share similar recom-
mendations, they are not identical and, due to a lack of robust
evidence, each set of guidelines does not address all aspects of
VTE prevention, such as timing of initiation in high-risk patient
populations, specifics on how and when to monitor LMWH,
and recommendations for selection of agent and duration of
VTE chemoprophylaxis postdischarge.’ * Therefore, despite a
large amount of cohort data describing VTE practice innova-
tions and outcomes, there remains a paucity of high-quality data
to drive standard practices for all aspects of VTE prevention.
Recommendations for VIE chemoprophylaxis span multiple
specialties (neurosurgery, orthopedics, ACS) and efforts need
to be focused on aligning practice recommendations among
surgical specialties. To promote this goal, a National Institutes
of Health sponsored conference titled 2022 Consensus Confer-
ence to Implement Optimal VTE Prophylaxis in Trauma’ was
held in May 2022 with the initial aim of bringing together a
multidisciplinary cohort of trauma experts to review the current
state of the science, identify gaps in the literature, and prioritize
a future research agenda.!-18 21 24
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A Traumatic Brain Injury
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Timing of initiation of pharmacological venous thromboembolism prophylaxis in patients with (A) traumatic brain injury (TBI) poststable

head CT, (B) solid organ injury postinjury with no active or ongoing bleeding, or (C) operative spinal cord injury postfixation. EVD, external ventricular
drain; ICP, intracranial pressure. *Operative intervention was defined as postcraniotomy or craniectomy. Solid organ injury based on the American

Association for the Surgery of Trauma Organ Injury Scale.

Limitations for this study include decreased generalizability of
results due to the low response rate and high percentage of respon-
dents at level 1 and academic institutions. Additionally, display
logic decreased the response rates for some items. Despite these
limitations, respondents were widely distributed geographically
which supports the conclusion that broad variability exists and
does not change the interpretation of findings. Survey questions
asked participants to describe ‘standard’ practices for patients;
therefore, the results do not represent patient-specific recom-
mendations. In addition, the AAST/ACS-COT clinical protocol
for inpatient VIE prophylaxis was released during the survey
time period with the majority of responses collected prior to the

publication of the AAST/ACS-COT recommendations. There-
fore, practice changes as a result of the AAST/ACS-COT clin-
ical protocol are not reflected in this study.* Finally, providers
may have different definitions for ‘low’-risk or ‘high’-risk TBI
regarding the timing of initiation in these populations.

CONCLUSION

A high degree of variability exists in prescribing, dose adjust-
ment, and monitoring practices for VIE prevention in trauma
patients. Clinical pharmacists may be helpful on trauma teams to
optimize dosing and increase prescribing of guideline-concordant
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VTE chemoprophylaxis. Future efforts should focus on imple-
mentation of guideline recommendations into practice, aligning
practice recommendations among surgical specialties to rectify
inconsistencies, and promoting the importance of quality VTE
prevention.
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