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atients with traumatic brain injury (TBI) are at high risk of venous thromboembolism events (VTE). We hypothesized that early
chemical VTE prophylaxis initiation (≤24 hours of a stable head CT) in severe TBI would reduce VTE without increasing risk of
intracranial hemorrhage expansion (ICHE).
METHODS: A
 retrospective review of adult patients 18 years or older with isolated severe TBI (Abbreviated Injury Scale score, ≥ 3) whowere
admitted to 24 Level I and Level II trauma centers from January 1, 2014 to December 31 2020 was conducted. Patients were divided
into those who did not receive any VTE prophylaxis (NOVTEP), who received VTE prophylaxis ≤24 hours after stable head CT
(VTEP ≤24) and who received VTE prophylaxis >24 hours after stable head CT (VTEP>24). Primary outcomes were VTE and
ICHE. Covariate balancing propensity score weighting was utilized to balance demographic and clinical characteristics across three
groups. Weighted univariate logistic regression models were estimated for VTE and ICHE with patient group as predictor of interest.
RESULTS: O
f 3,936 patients, 1,784 met inclusion criteria. Incidences of VTE was significantly higher in the VTEP>24 group, with higher
incidences of DVT in the group. Higher incidences of ICHE were observed in the VTEP≤24 and VTEP>24 groups. After propen-
sity score weighting, there was a higher risk of VTE in patients in VTEP >24 compared with those in VTEP≤24 (odds ratio, 1.51;
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of having ICHE compared with VTEP≤24 (odds ratio, 0.75; 95% confidence interval, 0.55–1.02, p = 0.070), the result was not
statistically significant.
CONCLUSION: I
n this large multi-center analysis, there were no significant differences in VTE based on timing of initiation of VTE prophylaxis.
Patients who never received VTE prophylaxis had decreased odds of ICHE. Further evaluation of VTE prophylaxis in larger ran-
domized studies will be necessary for definitive conclusions. (J Trauma Acute Care Surg. 2023;95: 94–104. Copyright © 2023
Wolters Kluwer Health, Inc. All rights reserved.)
LEVEL OF EVIDENCE: T
herapeutic Care Management; Level III.

KEYWORDS: V
TE prophylaxis; VTE; TBI; intracranial hemorrhage expansion.
T raumatic brain injury (TBI) leads to 50,000 deaths and nearly
300,000 hospitalizations annually in the United States.1,2 Pa-

tients with TBI are at especially high risk of venous thromboem-
bolism events (VTE) due to physiologic hypercoagulability and
prolonged immobility, and at times lack of pharmacological pro-
phylaxis,3,4 even with appropriate mechanical and pharmacologi-
cal prophylaxis.5 According to the American College of Surgeons
Trauma Quality Improvement Program (ACS TQIP) guidelines,
the timing of VTE prophylaxis initiation is best determined by
the severity of TBI, which is defined by a combination of clinical
and radiographic findings.6 Despite the existing recommendations,
there is great variability in practice patterns of VTE prescription.7

Lesions, such as subdural (SDH) and epidural hematomas
(EDH) greater than 8mm, intraparenchymal contusions (IPH) or
intraventricular hemorrhages (IVH) greater than 2 cm, multiple
contusions per lobe, and subarachnoid hemorrhages (SAH) in-
crease the risk of intracranial hemorrhage expansion (ICHE).6

Deciding when to initiate pharmacologic prophylaxis requires
balancing the risk of ICHE with preventing VTE. Although
guidelines have advocated for early VTE prophylaxis initiation,
there is conflicting evidence on the definition of “early,” espe-
cially in the severe TBI population. Most guidelines suggest ini-
tiating VTE prophylaxis within 24 hours to 72 hours of stable
head CT.6,8–12 The Western Trauma Association advocates initi-
ation of enoxaparin within 72 hours of the time of injury.10 The
American Association for the Surgery of Trauma Committee on
Trauma guidelines recommend initiating VTE prophylaxis
within 72 hours for high risk patients, without signs of progres-
sion on repeat imaging.12 However, there is a lack of high qual-
ity evidence to suggest whether “early” initiation affects VTE
and ICHE outcomes.

Therefore, we hypothesized that early (≤24 hours of stable
head CT) initiation of pharmacologic VTE prophylaxis in pa-
tients with isolated severe TBI decreased risks of VTE without
increasing risks of ICHE compared with patients with later or
no chemical VTE prophylaxis.

METHODS

Study Design
We conducted an Eastern Association for the Surgery of

Trauma (EAST) sponsored multicenter retrospective cohort study
of 24 adult Level I and Level II trauma centers. Data were col-
lected for the period of January 1 2014, to December 31, 2020,
using Research Electronic Data Capture (REDCap) electronic
data capture tool. REDCap is a secure, web-based software plat-
form designed to support data capture for research studies. Pa-
tients with severe TBI, defined by Abbreviated Injury Scale
(AIS) head score ≥3, were separated into three cohorts: those
th, Inc. All rights reserved.

Copyright © 2023 Wolters Kluwer H
who did not receive pharmacological VTE prophylaxis (NOVTEP),
those who had chemical VTE prophylaxis initiated within 24 hours
of stable head CT (VTEP ≤ 24) and those who had chemical VTE
prophylaxis initiated after 24 hours of stable head CT (VTEP > 24).
The primary outcomes were incidences of VTE and ICHE. Sec-
ondary outcomes were hospital length of stay (LOS), intensive
care unit (ICU) LOS, mortality, and neurosurgical interventions
after VTE prophylaxis initiation.

Additional data collected included demographics, comor-
bidities, injury characteristics, admission laboratories and vitals,
time to head CT stability, VTE prophylaxis and ICHE, incidences
of DVT/PE, ICU LOS, hospital LOS, ventilator days, complica-
tions (urinary tract infection [UTI], pneumonia, myocardial infarc-
tion [MI], unplanned return to the operating room, and ICU), neu-
rosurgical interventions, such as intracranial pressure monitor
(ICP)/external ventricular drain (EVD) placement, craniotomy
and craniectomy, discharge disposition, and mortality.

We confirm that this study complies with the Strengthen-
ing the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines (Supplemental Digital Content Table 1,
http://links.lww.com/TA/C959).13
Definitions
Isolated TBI was defined as any patient with only an AIS

head classified as intracranial hemorrhage (SDH, SAH, EDH,
IPH, IVH, and diffuse axonal injury). The diagnosis of VTE
was confirmed with a venogram, duplex venous ultrasound or
CT angiogram of the chest as defined by the National Trauma
Data Bank. Of note, none of the 24 centers involved in the study
screened for DVT. Intracranial hemorrhage expansion is defined
as an increase in size of the existing bleed or presence of a new
ICH as dictated by a radiologist, which may or may not have re-
sulted in a neurosurgical intervention. A stable CT head was de-
fined as being the first CT demonstrating no interval change or
an improvement in ICH.
Inclusion and Exclusion Criteria
Patients 18 years or older who had an isolated TBI with an

AIS ≥ 3 were included in this study. Patients who were only on
Aspirin 81 mg in the preinjury period were also included. Pa-
tients who were excluded were those with concomitant injuries
to the torso (AIS> 0), injuries to extremity and facewithAIS≥ 3,
pregnant patients, prisoners, patient records with missing data
for outcome variables, patients on anticoagulation, antiplatelet
medications or higher doses of Aspirin in the preinjury period,
transfer from an outside hospital, and patients who died or were
discharged within 48 hours of admission (Fig. 1).
95
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Institutional Review Board and Data Handling
Institutional review board approval was obtained at the pri-

mary institution and at each participating institution. Each institution
was recruited via the EAST multicenter trial website and a data use
agreement was secured. Data entered into REDCap were audited
and validated on an ongoing basis by the primary investigators.

STATISTICAL ANALYSIS

Descriptive Statistics
Patient demographics and clinical characteristics were sum-

marized in the overall sample and the three cohorts (NO VTEP
vs. VTEP>24 vs. VTEP ≤24 hours) using descriptive statistics, in-
cluding means, standard deviations, medians and interquartile
ranges for continuous variables, and frequencies and percentages
for categorical variables. For comparisons involving continuous
variables, one-way analysis of variance (ANOVA) or nonparamet-
ric Kruskal-Wallis tests were used. Comparisons involving categor-
ical variables relied onχ2 or Fisher's exact tests, where appropriate.

Covariate Balancing Propensity Score Weighting
Covariate balancing propensity score (CBPS) weighting

was performed on the total sample of 1,784 patients. Propensity
scores (PS) represent the estimated probabilities of patients being
in any one of the three cohorts, conditional upon the set of ob-
served covariates, which included age, admission heart rate, sys-
tolic blood pressure, Glasgow Coma Scale (GCS), initial platelet
count, hemoglobin, international normalized ratio, packed red
blood cells, fresh frozen plasma, platelets, cryoprecipitate,
tranexamic acid, Prothrombin complex concentrate given at ad-
mission, sex, race, AIS head, hypertension (HTN), coronary ar-
tery disease (CAD), diabetes mellitus (DM), chronic obstructive
pulmonary disease (COPD), chronic kidney disease (CKD), co-
agulopathy, liver disease, cancer, mechanism of injury, massive
transfusion given at admission, multiple contusions per lobe, pres-
ence of SAH, SAH with abnormal CTA, SDH, IVH, EDH and
IPH for overall ICHE analysis. PS weighting for the VTE analysis
included all of the above variables and ICHE. The percent of miss-
ing data of the variables included in the CBPS weighting ranged
from 0.9% (GCS) to 20.4% (SAH with abnormal CTA head).
Since large amounts of missing data in covariates would prevent
the CBPS weighting methods to be performed properly, overall
mean imputation of each continuous variable and recodingmissing
values for categorical variables as “Not Reported” was imple-
mented. Absolute standardized mean differences (ASMDs) for co-
variates before and after weightingwere used asmodel diagnostics.
Absolute standardized mean differences estimates falling below
0.1 indicate good balance across groups.14

Weights were extracted for each patient after CBPS, and
weighted logistic regression models were estimated for VTE
and overall ICHE, with the three cohorts as the primary predictor.
Allweightedmodelswere adjusted for cryoprecipitate given at admis-
sion, as this variable did not achieve good balance after weighting
(ASMD >0.1) to reduce bias. Weighted odds ratios, along with
their 95% confidence intervals and p values are reported.

Unweighted Bivariate and Multivariable Logistic
Regression Modeling

Bivariate logistic regression models were used to examine
the associated factors with VTE and overall ICHE for severe
© 2023 Wolters Kluwer Health, Inc. All rights reserved.
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Figure 1. Flowchart for inclusion of patients in the study.
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TBI patients. For bivariate models, each dichotomous outcome
was regressed on each individual risk factor. Clinical factors
demonstrating statistical significance at the p < 0.20 level in
the bivariate models were included into a multivariable model
for each outcome. Backwards elimination methods were then
used to derive a final multivariable model for each outcome. Sig-
nificance of predictors of interest were taken at the p < 0.025
level. All final multivariable models included patient cohort as
a predictor regardless of statistical significance. Odds ratios
and 95% confidence intervals were computed.

Statistical significance was taken at the p < 0.025 level to
adjust for two the primary outcomes, VTE and overall ICHE.
CBPS weighting methods were performed using the WeightIt
package in R version 4.0.415 and all other analyses were done
in SAS V9.4 (SAS Institute Inc., Cary, NC).

RESULTS

Of the 3,963 total patients, 1,784 patients met inclusion
criteria for an isolated severe TBI. There were 782 (43.8%) in
the NO VTEP group, 273 (15.3%) in VTEP≤24, and 729
(40.9%) in VTEP>24 cohort. Table 1 summarizes demographic
and clinical characteristics before and after implementing PS
weighting, noting that weighted descriptive statistics reflect the
model for overall ICHE. For weighted descriptive statistics of
the model for VTE, see Supplemental Table 2, http://links.
lww.com/TA/C960. Patients in VTEP>24 were significantly
younger with a median age of 62 (p < 0.001) (Table 1), had lon-
ger hospital LOS, ICU stay and ventilator days (p < 0.001) com-
pared with VTEP≤24 and NO VTEP groups (Table 2). This
group also had more high-risk features on initial head CTs, in-
cluding IPH and multifocal contusions. Furthermore, VTEP>24
group had a significantly higher incidence of complications
© 2023 Wolters Kluwer Health, Inc. All rights reserved.
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(19.2%) compared with the other two groups with higher occur-
rences of unplanned admissions to the ICU and pneumonia
(Table 2). TheNOVTEP group had significantly higher incidences
of HTN, CKD, coagulopathy, liver disease and malignancy. The
majority of patients in all three groups had a blunt mechanism of
injury secondary to falls. The NOVTEP group had a significantly
higher number of patients discharged to home, however also had an
increased mortality as compared with the other groups.

VTE and ICHE Events
The incidence of VTE in the entire cohort is 3.2% (n = 57).

PE and DVT occurred in 0.9% and 2.5% of the patients, respec-
tively (Table 2). Median time to first stable head CTwas signifi-
cantly lower in the VTEP>24 group at 12.2 hours. Median time
to VTEP initiation from first stable head CT in the VTEP≤24
was 11.2 hours and 47 hours in the VTEP>24 group. Incidences
of VTE were significantly higher in the VTEP>24 group.

Overall, ICHE occurred in 26.3% of all patients (n = 469).
ICHE after VTEP initiation only occurred in 3.7% of patients in
the VTEP≤24 and 3.4% of patients in VTEP>24 groups. Median
times to ICHE from VTE prophylaxis initiation was 165.1 hours
in VTEP≤24 and 51.8 hours in VTEP>24 group, with no signif-
icant differences identified (Table 2).

Neurosurgical Interventions
Therewere 500 (28.0%) patients with severe TBI who had

neurosurgical interventions performed (Table 2). A higher num-
ber of patients in the VTEP>24 group had ICP monitors and
EVDs placed, though not statistically significant. A higher num-
ber of patients in the NOVTEP group had craniotomies (18.7%
NO VTEP vs. 12.1% in VTEP≤24 vs. 17.7% in VTEP>24,
p < 0.001) and a lower number of craniectomies (4.5% NO
VTEP vs. 6.6% VTEP≤24 vs. 10.7% VTEP>24, p = 0.001)
99
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TABLE 2. Unweighted Outcomes and Neurosurgical Interventions in Patients With Severe TBI (n = 1,784)

No VTEP (n = 782) VTEP ≤ 24 (n = 273) VTEP > 24 (n = 729) p*

ICU LOS (d), median (Q1, Q3) 2 (1, 4) (n = 742) 2 (1, 5) (n = 272) 3 (1, 8) (n = 723) <0.001*

Hospital LOS, n (%) <0.001*

48–72 h 234 (29.9%) 66 (24.2%) 85 (11.7%)

>72 h 548 (70.1%) 207 (75.8%) 644 (88.3%)

Ventilator LOS: median (Q1, Q3), d 0 (0, 0) (n = 713) 0 (0, 0) (n = 272) 0 (0, 4) (n = 715) <0.001*

Mortality, n (%) 73 (9.3%) 13 (4.8%) 38 (5.2%) 0.002*

Complications, n (%) 65 (8.3%) 36 (13.2%) 140 (19.2%) <0.001*

UTI, n (%) 22 (2.8%) 16 (5.9%) 35 (4.8%) 0.041

MI, n (%) 3 (0.4%) 0 (0.0%) 5 (0.7%) 0.395

Unplanned return to operating room, n (%) 16 (2.1%) 4 (1.5%) 12 (1.7%) 0.859

Unplanned readmission to the ICU, n (%) 15 (1.9%) 7 (2.6%) 35 (4.8%) 0.005*

Pneumonia, n (%) 16 (2.1%) 11 (4.0%) 55 (7.5%) <0.001*

Time to 1st stable head CT (h), median (Q1, Q3) 15 (8.6, 26.9) (n = 699) 15 (9.0, 30.0) (n = 271) 12.2 (7.5, 23.0) (n = 719) <0.001*

Time to VTEP from stable head CT (h), median (Q1, Q3) — 11.2 (6.0, 17.0) 47.0 (33.6, 74.1) <0.001*

Time to VTEP from admission (h), median (Q1, Q3) — 30.23 (21.5, 45.7) 64.2 (46.1, 96.6) (n = 728) <0.001*

VTE, n (%) 16 (2.1%) 7 (2.6%) 34 (4.7%) 0.012*

DVT, n (%) 14 (1.8%) 4 (1.5%) 26 (3.6%) 0.053

PE, n (%) 2 (0.3%) 5 (1.8%) 10 (1.4%) 0.010*

Time to VTE diagnosis (h), median (Q1, Q3) 132 (43.3, 167.6) (n = 12) 176.3 (29.0, 249.0) (n = 6) 175.0 (62.0, 283.0) (n = 33) 0.834

ICHE, n (%) 177 (22.6%) 80 (29.3%) 212 (29.1%) 0.008*

Time to ICHE from admission (h), median (Q1, Q3) 11.0 (7.0, 19.8) (n = 176) 9.2 (6.6, 18.9) 8.4 (6.1, 15.1) (n = 209) 0.040

ICHE after VTEP, n (%) — 10 (3.7%) 25 (3.4%) 0.848

Time to ICHE from VTEP (h), median (Q1, Q3) — 165.1 (71, 177.2) (n = 9) 51.8 (31.9, 99.0) (n = 24) 0.069

Neurosurgical interventions (n = 500) (n = 201) (n = 55) (n = 244)

Time to procedure from admission (h), median (Q1, Q3) 5.55 (2.00, 20.00) (n = 192) 4.39 (2.50, 10.84) (n = 52) 4.00 (2.00, 14.59) (n = 228) 0.298

ICP or EVD, n (%) 34 (4.3%) 8 (2.9%) 61 (8.3%) 0.055

ICP/EVD due to ICHE after VTEP, n (%) 0 (0.0%) 0 (0.0%) 2 (0.2%) 0.601

Time to ICP/EVD after VTEP (h), median (Q1, Q3) — — 52.22 (49.9, 54.5)

Craniotomy, n (%) 146 (18.7%) 33 (12.1%) 129 (17.7%) <0.001*

Craniotomy due to ICHE after VTEP, n (%) 0 (0.0%) 0 (0.0%) 6 (0.8%) (n = 129) 0.348

Time to craniotomy after VTEP (h), median (Q1, Q3) — — 115.5 (71.0, 132.7) (n = 5)

Craniectomy, n (%) 35 (4.5%) 18 (6.6%) 78 (10.7%) 0.001*

Craniectomy due to ICHE after VTEP, n (%) 0 (0.0%) 0 (0.0%) 3 (0.4%) (n = 78) 0.713

Time to craniectomy after VTEP (h), median (Q1, Q3) — — 49.9 (11.2, 54.5)

For comparisons involving non-normally distributed continuous variables, non-parametric Wilcoxon Kruskal-Wallis tests were used. For comparisons involving categorical variables, χ2

and Fisher's exact tests were used, as appropriate.
*p < 0.025.

TABLE 3. Propensity Weighted Logistic Regression Models for
VTE and Overall ICHE in Severe TBI Patients (n = 1,784)

Outcomes Predictors OR (95% CI) p

VTE* Patient cohort

No VTEP 0.62 (0.26–1.49) 0.282

VTEP >24 1.51 (0.69–3.30) 0.307

VTEP ≤24 Reference

ICHE* Patient cohort

No VTEP 0.75 (0.55–1.02) 0.070

VTEP>24 0.81 (0.59–1.10) 0.178

VTEP≤24 Reference

*Outcomes being modeled are presence of VTE or ICHE and results are in reference to
absence of these events. Models adjusted for cryoprecipitate given at admission, as this var-
iable was imbalanced after weighting.
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performed. A total of 11 patients (0.6%) in the entire cohort re-
quired neurosurgical intervention after VTEP initiation and were
all in the VTEP>24 group.

Propensity Score-Weighted Analysis
CBPS was chosen from a variety of weighting methods

for having the best reduction of ASMD. (Supplemental Fig. 2a
and 2b, http://links.lww.com/TA/C960). All variables, except
for cryoprecipitate given on admission, had ASMD estimates
falling below 0.1, which indicated a good balance (Supplemen-
tal Fig. 3a and 3b, http://links.lww.com/TA/C960). This is illus-
trated by Table 1 and Supplemental Table 2, http://links.lww.
com/TA/C960, where variables included in the CBPS weighting
were all balanced after weighting with p-values close to 1.

After PS weighting (Table 3), although there was a higher
risk of VTE inVTEP>24 comparedwith those inVTEP≤24 (odds
ratio [OR], 1.51; 95% confidence interval [CI], 0.69–3.30;
100 © 2023 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 5. Unweighted Backwards Selection Multivariable
Logistic Regression Model Results for Overall ICHE (n = 1,428)

Variables OR (95% CI) p

Patient cohort

No VTEP 0.81 (0.57–1.17) 0.261

VTEP >24 0.86 (0.60–1.24) 0.427

VTEP ≤24 Reference

Gender

Female 0.70 (0.54–0.92) 0.009*

Male Reference

UTI

Yes 1.96 (1.12–3.42) 0.019*

No Reference

Pneumonia

Yes 1.91 (1.10–3.32) 0.022*

No Reference

Multiple contusions per lobe

Yes 2.24 (1.69–2.97) <0.001*

No Reference

Hospital LOS

48–72 h Reference

>72 h 1.63 (1.17–2.28) 0.004*

Presence of SAH

Yes 1.55 (1.18–2.04) 0.002*

No Reference

SDH bleed

≤8 mm 1.54 (1.14–2.08) 0.005*

>8 mm 1.27 (0.88–1.84) 0.199

No bleed Reference

IPH bleed

≤2 cm 1.20 (0.84–1.70) 0.313

>2 cm 1.79 (1.18–2.72) 0.006*

No bleed Reference

Outcomes beingmodeled are presence of ICHE and results are in reference to absence of
these events.

*p < 0.025.
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p = 0.307), the result was not statistically significant. The NO
VTEP cohort had 38% decreased odds of having VTE compared
to those receiving VTEP≤24 (OR, 0.62; 95% CI, 0.26–1.49;
p = 0.282) but also was not statistically significant.

The No VTEP group had decreased odds of having ICHE
compared to those in VTEP≤24 (OR, 0.75; 95%CI, 0.55–1.02,
p = 0.070), although not statistically significant. VTEP >24 had
19% decreased odds of ICHE compared to VTEP≤24 (OR,
0.81; 95% CI, 0.59–1.10, p = 0.178), which was not significant.

Unweighted Multivariable Analysis for Risks of
VTE and ICHE

Amultivariable analysis using unweighted data to identify
key risk factors for VTE and overall ICHE in the severe TBI
population was performed. Bivariate logistic regression models
showed that the following variables were significantly associated
with VTE at the p < 0.20 level increased systolic blood pressure,
lower GCS, increased INR, ICU LOS, additional ventilator days,
VTEP>24, hospital LOS > 72 hours, higher AIS, DM, CKD, pen-
etrating injury, unplanned return to the operating room, pneumo-
nia, and SDH (data not shown). These variables were entered into
amultivariable model using backwards eliminationmethods. ICU
LOS remained the sole correlator of VTE at the p < 0.025 level
(Table 4). The odds of VTE increased by 8%with each additional
day spent in the ICU. Patient cohort was not a statistically signif-
icant predictor of VTE.

Bivariate logistic regression models showed that the follow-
ing variables were significantly associated with ICHE: younger
age, decreased GCS, increased ICU LOS, timing of VTEP, fe-
males, Asian race, hospital LOS >72 hours, HTN, COPD, CKD,
coagulopathy, UTI, unplanned readmission to the ICU, unplanned
return to the operating room, pneumonia, multiple parenchymal
contusions per lobe, SAH, SDH, EDH, and IPH (data not shown).
These variables were entered into a multivariable model using
backwards selection elimination methods, males, UTI, pneumonia,
hospital LOS >72 hours, multiple contusions per lobe, SDH
≤8 mm, IPH >2 cm, and SAH significantly correlated with overall
ICHE at the p < 0.025 level. Female patients had 29% decreased
odds of ICHE compared to male patients (OR, 0.71; 95% CI,
0.54–0.92; p = 0.010). Patients with UTI and pneumonia had a
96% and 91% increased odds of ICHE, respectively. Multiple con-
tusions per lobe increased the risk of ICHE by 2.2 times (OR, 2.25;
95%CI, 1.70–2.98; p < 0.001) and SAH increased risk of ICHE by
1.55 times (OR, 1.55; 95% CI, 1.18–2.05; p = 0.002). Compared
with patients with no SDH or IPH, those with SDH ≤ 8 mm and
TABLE 4. Unweighted Backward Selection Multivariable Logistic
Regression Model Results for VTE* (n = 1,737)

Variables OR (95% CI) p

Patient cohort

No VTEP 0.97 (0.38, 2.47) 0.941

VTEP >24 1.78 (0.76, 4.17) 0.182

Reference

ICU LOS 1.08 (1.05, 1.11) <0.001*

Outcomes being modeled are presence of VTE and results are in reference to absence of
this event.

*p < 0.025.

© 2023 Wolters Kluwer Health, Inc. All rights reserved.
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IPH > 2 cm had a 53% and 78% increased odds of ICHE, respec-
tively (Table 5). There were no association with patient cohort and
overall ICHE.

DISCUSSION

In this large multicenter retrospective study, we examined
the effects of early VTEP initiation within 24 hours of a stable
head CT in severe TBI patients. The incidence of VTE events
in this patient cohort was 3.2%, which is consistent with previ-
ous studies.16 Timing of VTE prophylaxis was not associated
with VTE. A larger number of VTE events were noted in the
VTEP>24 group compared with NO VTEP and VTEP≤24
groups; however, after adjusting for confounders, this difference
disappeared. In a multivariable logistic regression model, VTE
was significantly associated with prolonged ICU LOS. Prolonged
immobilization and TBI-induced coagulopathic states have been
shown to be significant risk factors for development of VTE in
the TBI population.17–20 Increased ICU LOS is significant for
the underlying severity of TBI and its associated complications,
101
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which further prolongs immobility, thereby increasing risk of
VTE. Identification of such clinical factors is beneficial for VTEP
implementation in severe TBI patients.

In the CBPS weighted logistic regression model, patients
in NO VTEP group had 25% lower odds of developing ICHE
compared to VTEP≤24 group; however, this was not a signifi-
cant finding. Overall ICHE occurred in 26.3% of the patient co-
hort, which is consistent with available literature.21–25 Further,
male patients, hospital LOS >72 hours, complications, such as
pneumonia and UTI, SAH, multiple contusions per lobe,
SDH ≤ 8 mm and IPH >2 cmwere associated with ICHE. Some
of these clinical factors align with Berne Norwood Criteria
which identifies high risk TBI patients and is consistent with re-
ports from Carnevale et al.,25 Chang et al.,24 and Cepeda et al.23

However, on the contrary to Carnevale et al., our study demon-
strated a lower association of ICHE in female patients. Similar
to our results, Oertel et al.26 demonstrated a lower risk of ICHE
in female patients and hypothesized the effects of estrogen and
progesterone to have neuroprotective properties. Complications,
such as UTI, pneumonia and hospital LOS >72 hours, were cor-
related with ICHE, though these findings are most likely sec-
ondary to the underlying severity of the TBI itself causing a pro-
longed hospital LOS and such complications. Chang et al. fur-
ther demonstrated that the presence of SDH is a risk factor for
ICHE. Similarly, our study demonstrated that presence of a
SDH carried a higher association for ICHE. This finding is likely
secondary to a combination of evolution of a SDH in relation to
brain atrophy and cerebral volume, TBI induced coagulopathy
and the presence of a concurrent ICH, which all carry a risk for
expansion. Despite the overall incidence of ICHE, our study dem-
onstrated low incidences of ICHE after VTEP (3.4% of the cohort
who received VTEP) and neurosurgical interventions with no in-
terventions in VTEP≤24 group after VTEP initiation, suggesting
early VTEP is safe without a higher risk of ICHE leading to neu-
rosurgical intervention. Further, ICHE occurred at median times
of 165.1 and 51.8 hours after VTEP initiation in the VTEP≤24
and VTEP>24 cohorts respectively. Therefore, it is difficult to as-
certain whether VTEP contributed to ICHE.

The VTEP>24 group was younger, had longer hospital
LOS, and had higher complications compared to the other two
groups. This group had a shorter time to the first stable head
CT, however, did not receive VTEP until after 24 hours. It
proved challenging to standardize the time periods to interval
CTs since there were practice pattern variations amongst institu-
tions to performing interval CTs at 6 hours, 12 hours, 24 hours
or none at all. Patients in the VTEP>24 group also had high risk
features according to Berne Norwood criteria and had a higher
number of ICP/EVDs placed compared to the other groups.
All of the above characteristics may have contributed to initiating
VTEP after 24 hours. Eleven patients (1.5%) in the VTEP>24
group required neurosurgical interventions after VTEP initiation,
though no significant differences were found compared to the
other cohorts. It is unclear whether the delay in VTEP initiation
in this group was related to the need for neurosurgical interven-
tion or high-risk intracranial hemorrhage features, and ICHE,
which may have played a role in a delay in initiation of VTEP.
Given the small proportion of patients requiring neurosurgical in-
terventions, the benefits of VTEP initiation in severe TBI patients
may still outweigh the risk of neurosurgical interventions.
102
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It is of interest to note that 43.8% of our patient cohort did
not receive any VTEP. This group was more comorbid, had a
higher mortality, and more craniotomies performed compared
to the other two groups. There were no significant differences
in VTE after CBPS weighting. This group may have a combina-
tion of the most severe and least severe patients. Although we
excluded patients who were discharged or died within 48 hours
of admission, the finding that the NOVTEP group did not have
increased risk of VTE may reflect confounders that masked a
true causal effect. The lack of VTEP initiation in this group
may be due to an absence of a standard to initiate VTEP after
a neurosurgical intervention and is largely dependent on neuro-
surgeon and trauma surgeon input. In their ACS TQIP study,
Byrne et al.27 demonstrated that while early VTE prophylaxis af-
ter neurosurgical intervention has a benefit in VTE, it does result
in an increase in repeated neurosurgical interventions. We are
unable to discern what the justification was for not initiating
VTEP in this group, despite having similar other demographics.
However, this finding highlights again the need for more stan-
dardization of VTEP initiation in the severe TBI group and the
lack of VTEP initiation is likely more commonplace based on
lack of clinical practice guidelines and evidence to support its
use and represents an opportunity for process improvement in
this patient population.

Timing to VTEP initiation in severe TBI patients is not ad-
dressed in current clinical guidelines practices available due to
lack of strong evidence to support early VTE initiation. Current
guidelines support 24–72 hours of VTEP initiation in TBI
patients;6,8–12 however, there are no clear guidelines on VTEP
initiation in the event of hemorrhage progression or need for
neurosurgical interventions.12 Therefore, balancing risks of ICHE
and VTE is the crux of the issue of VTEP initiation in severe TBI
patients. This leads to several interinstitutional and interprofes-
sional practice pattern variability based on local institutional pol-
icies or anecdotal experience.28 Several studies have demon-
strated reduced DVT events after early prophylaxis initiation
within 24 hours without progression or need for neurosurgical in-
tervention, however, are limited by single institution studies with
a limited number of patients.7,29–32 Byrne et al.16 further report in
a ACS TQIP based study that early VTEP <72 hours was safe
without risks of ICHE and neurosurgical interventions. Yet, prac-
tice variability still exists in managing severe TBI patients.

This study has several limitations. Its retrospective nature
carries inherent limitations. We did not capture neurologic status
at discharge, long term mortality and VTE events and were not
able to determine whether early prophylaxis had any effect on
short term or long-term neurologic prognosis. Patients whowere
transitioned to hospice during the hospital stay were not ex-
cluded, which may impact incidences of mortality. Although
we were able to capture ICHE in early CT scans and neurosurgi-
cal interventions, we were not able to discern rates of subclinical
ICHE that may have caused delays in VTEP administration,
which should be an area of further study in patients with severe
TBI. Patients who had ICHE and clinical deterioration but were
not amenable for surgical interventions were further not identi-
fied. We analyzed overall ICHE as an outcome in our PS model
due to the low number of patients who had ICHE after VTEP
initiation and the ability to compare across the three groups.
There was an effort to examine detailed radiographic findings
© 2023 Wolters Kluwer Health, Inc. All rights reserved.
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including descriptors and dimensions of ICH by type of hemor-
rhage, however this would have required re-review of the CT
scans which would have been impractical in this large study.
The authors recognize that a low number of VTE (n = 57) events
leads to low statistical power to detect differences across the co-
horts. A post-hoc power analysis demonstrated that this study
had 67% power to detect a small effect size (W) of 0.07 using
a χ2 test statistic and a type 1 error rate of 2.5% for the group
sample sizes. Despite being underpowered, the actual comparison
demonstrated a statistically significant difference, with p = 0.012
(Table 2). Given our analytical sample size (N = 1,784) and the
number of VTE events (n = 57), we had sufficient power to detect
approximately five predictors of VTE in the unweightedmultivar-
iable models. Only one predictor was observed at the p < 0.025
level (ICU LOS). However, risk factors for VTE, such as appro-
priate dosing and missed doses of chemoprophylaxis, were not
accounted for, thus further confounding results of VTE.

Multiple imputation could not be used to resolve missing
data points due to limitations of theWeightIt package in R.15 As
such, single mean imputation was used to address missing data
points prior to implementing propensity score weighting. While
this method may introduce bias, it allowed for the retainment of
key covariates to balance the VTEP initiation groups.33 How-
ever, this was a large multicenter cohort with extensive data val-
idation utilized to ensure data accuracy. Its multicenter nature al-
lows for generalizability of the severe TBI population. We only
studied isolated TBI patients to reduce confounding from inju-
ries to other body regions. We excluded patients on anticoagula-
tion to further mitigate confounding factors for ICHE. However,
this could have resulted in selection bias. Severe TBI patients
were studied to focus on a patient population that lacks significant
evidence to support VTEP initiation, but this does limit generaliz-
ability. However, we note that the NOVTEP group was included
for comparison, a group that has been excluded from most studies.

CONCLUSION

In this large multicenter analysis, there were no significant
differences in VTE based on timing of initiation of VTE prophy-
laxis. Patients who never received VTE prophylaxis had decreased
odds of ICHE. Early VTEP initiation less than 24 hours of a stable
head CTmay be safewithout a risk of need for neurosurgical inter-
vention. Further evaluation of VTE prophylaxis in larger random-
ized studies will be necessary for definitive conclusions.

AUTHORSHIP

A.M.R., D.K., S.S.S. participated in the literature search. A.M.R., D.K., S.S.S.
participated in the study design. A.M.R., D.K., S.S.S., C.J., E.J.K., L.L.P., C.M.,
I.S., A.J., V.S., A.M., E.T., M.R., L.L., W.Z., A.K., M.H., J.C., C.B., T.E., A.M.*,
M.K., S.D., R.C., S.S., L.E.J., J.W., M.W., B.P., C.M.*, N.T., T.H., T.D., S.M.,
L.D.S., A.R., L.C.T., T.J.N., H.M.S., M.B.S., D.H., D.R., D.C., C.F., M.M.,
C.D., J.D., D.B. participated in the data collection. A.M.R., D.K., S.S.S., E.J.K.
participated in the writing. A.M.R., D.K., S.S.S., C.J., E.J.K., J.C., T.E., L.C.T.,
M.R., K.S., P.F., W.J., A.L. participated in the critical revision.

ACKNOWLEDGMENTS

We are grateful to our colleagues from EAST TBI VTE research group for
their contribution to the study. Without their work this article would not
have been possible. Center for Biostatistics and Health Data Science:
Alexandra Hanlon PhD, Danielle Sienko MS, Wenyan Ji MA, Alicia Lozano
MS. Crozer Health: Sandra Durgin MSN RN CEN, Alexander Papa DO,
© 2023 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2023 Wolters Kluwer H
Danielle Lapoint DO, Ammar Humayun MD; Loma Linda University:
Georgi Mladenov MD, Xian Luo-Owen PhD, St. Mary's Medical Center:
Alyha Benitez, John Sousa MD, Sarah Lee MD, Matthew Zinner MD;
Promedica Toledo Hospital: Diane Philip MSN, RN, Tyler Wilbarger RN;
SpartanburgMedical Center: Thomas J. Mack. University Hospitals Cleveland
Medical Center: Angelica Bartholomew RN, Murathan Kahyaoglu. Research
reported in this publication was supported by Eastern Association for the
Surgery of Trauma, Junior Multicenter Investigator Award 2022.

DISCLOSURE

The authors declare no conflicts of interest.
The content is solely the responsibility of the authors and does not neces-
sarily represent the official views of EAST.
REFERENCES
1. KimL,HolenaD, Schuster J, Sims C, Levine J, Pascual JL. Early initiation of

prophylactic heparin in severe traumatic brain injury is associated with acceler-
ated improvement on brain imaging. J Emerg Trauma Shock. 2014;141–147.

2. Peterson AB, Thomas KE. Incidence of nonfatal traumatic brain injury–
related hospitalizations—United States, 2018. MMWR Morb Mortal Wkly
Rep. 2021;48:1664–1668.

3. Scales DC, Riva-Cambrin J, Wells D, Athaide V, Granton JT, Detsky AS.
Prophylactic anticoagulation to prevent venous thromboembolism in trau-
matic intracranial hemorrhage: a decision analysis. Crit Care. 2010;14:R72.

4. Hubbard WB, Dong JF, Cruz MA, Rumbaut RE. Links between thrombosis
and inflammation in traumatic brain injury. Thromb Res. 2021;198:62–71.

5. Skrifvars MB, Bailey M, Presneill J, French C, Nichol A, Little L, EPO-TBI
investigators and the ANZICS clinical trials group. Venous thromboembolic
events in critically ill traumatic brain injury patients. Intensive Care Med.
2017;3:419–428.

6. AmericanCollege of SurgeonsCommittee onTrauma:ACSTQIPBest Practices
in theManagement of Traumatic Brain Injury 2015Available from: https://www.
facs.org/media/mkej5u3b/tbi_guidelines.pdf. Accessed January 2022.

7. Jamjoom AA, Jamjoom AB. Safety and efficacy of early pharmacological
thromboprophylaxis in traumatic brain injury: systematic review and meta-
analysis. J Neurotrauma. 2013;30:503–511.

8. Guidelines for the Management of Severe TBI. 4th ed.. [Available from:
https://braintrauma.org/guidelines/guidelines-for-the-management-of-
severe-tbi-4th-ed. Accessed January 2022.

9. NICEGuideline. Venous thromboembolism in over 16 s: reducing the risk of
hospital-acquired deep venous thrombosis or pulmonary embolism 2018
[Available from: https://www.nice.org.uk/guidance/ng89/chapter/
Recommendations#interventions-for-people-with-major-trauma. Accessed
January 2022.

10. Ley EJ, Brown CVR, Moore EE, Sava JA, Peck K, Ciesla DJ, 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.

11. Rappold JF, Sheppard FR, Carmichael Ii SP, Cuschieri J, Ley E, Rangel E,
et al. Venous thromboembolism prophylaxis in the trauma intensive care
unit: an American Association for the Surgery of Trauma critical care com-
mittee clinical consensus document. Trauma Surg Acute Care Open. 2021;6:
e000643.

12. Yorkgitis BK, Berndtson AE, Cross A, Kennedy R, KochubaMP, Tignanelli
C, 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.

13. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke
JP, STROBE Initiative. The Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement: guidelines for reporting ob-
servational studies. J Clin Epidemiol. 2008;61:344–349.

14. Austin PC. Balance diagnostics for comparing the distribution of baseline
covariates between treatment groups in propensity-score matched samples.
Stat Med. 2009;28:3083–3107.

15. WeightIt: Weighting for Covariate Balance in Observational Studies. [Available
from: https://cran.r-project.org/web/packages/WeightIt/index.html. Accessed
July 2022.

16. Byrne JP,Mason SA, GomezD, Hoeft C, Subacius H, XiongW, et al. Timing
of pharmacologic venous thromboembolism prophylaxis in severe traumatic
103

ealth, Inc. All rights reserved.

https://www.facs.org/media/mkej5u3b/tbi_guidelines.pdf
https://www.facs.org/media/mkej5u3b/tbi_guidelines.pdf
https://braintrauma.org/guidelines/guidelines-for-the-management-of-severe-tbi-4th-ed
https://braintrauma.org/guidelines/guidelines-for-the-management-of-severe-tbi-4th-ed
https://www.nice.org.uk/guidance/ng89/chapter/Recommendations#interventions-for-people-with-major-trauma
https://www.nice.org.uk/guidance/ng89/chapter/Recommendations#interventions-for-people-with-major-trauma
https://cran.r-project.org/web/packages/WeightIt/index.html


Ratnasekera et al.
J Trauma Acute Care Surg

Volume 95, Number 1

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

C
sg0ibA

LK
E

t on 11/18/2024
brain injury: a propensity-matched cohort study. J Am Coll Surg. 2016;223:
621–631.

17. 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.

18. Prabhakaran KGS, Lombardo G, Latifi R. Venous thromboembolism in ge-
riatric trauma patients—risk factors and associated outcomes. J Surg Res.
2020;327–333.

19. Tian Y, Salsbery B, Wang M, Yuan H, Yang J, Zhao Z, et al. Brain-derived
microparticles induce systemic coagulation in a murine model of traumatic
brain injury. Blood. 2015;125:2151–2159.

20. Samuels JM,Moore EE, Silliman CC, Banerjee A, CohenMJ, Ghasabyan A,
Chandler J, Coleman JR, Sauaia A. Severe traumatic brain injury is associ-
ated with a unique coagulopathy phenotype. J Trauma Acute Care Surg.
2019;86:686–693.

21. Patel NY, Hoyt DB, Nakaji P,Marshall L, Holbrook T, Coimbra R. Traumatic
brain injury: patterns of failure of nonoperative management. J Trauma.
2000;48:367–375.

22. Alahmadi H, Vachhrajani S, CusimanoMD. The natural history of brain con-
tusion: an analysis of radiological and clinical progression. J Neurosurg.
2010;112:1139–1145.

23. Cepeda S, Gómez PA, Castaño-Leon AM, Martínez-Pérez R, Munarriz PM,
Lagares A. Traumatic intracerebral hemorrhage: risk factors associated with
progression. J Neurotrauma. 2015;32:1246–1253.

24. Chang EF, Meeker M, Holland MC. Acute traumatic intraparenchymal hemor-
rhage: risk factors for progression in the early post-injury period. Neurosurgery.
2007;61:222–230.
104

Copyright © 2023 Wolters Kluwer H
25. Carnevale JA, Segar DJ, Powers AY, ShahM, Doberstein C, Drapcho B, et al.
Blossoming contusions: identifying factors contributing to the expansion of
traumatic intracerebral hemorrhage. J Neurosurg. 2018;129:1305–1316.

26. Oertel MKD, McArthur D, et al. Progressive hemorrhage after head trauma:
predictors and consequences of the evolving injury. J Neurosurg. 2002;
109e116.

27. Byrne JP, Witiw CD, Schuster JM, Pascual JL, Cannon JW, Martin ND, et al.
Association of venous thromboembolism prophylaxis after neurosurgical in-
tervention for traumatic brain injurywith thromboembolic complications, re-
peated neurosurgery, and mortality. JAMA Surg. 2022;157:e215794.

28. Nathens AB, McMurray MK, Cuschieri J, Durr EA, Moore EE, Bankey PE,
et al. The practice of venous thromboembolism prophylaxis in the major
trauma patient. J Trauma. 2007;62:557–562.

29. Saadeh Y, Gohil K, Bill C, Smith C, Morrison C, Mosher B, et al. Chemical
venous thromboembolic prophylaxis is safe and effective for patients with
traumatic brain injury when started 24 hours after the absence of hemorrhage
progression on head CT. J Trauma Acute Care Surg. 2012;73:426–430.

30. Nickele CMKT, Medow JE. Safety of a DVT chemoprophylaxis protocol
following traumatic brain injury: a single center quality improvement initia-
tive. Neurocrit Care. 2013;18:184–192.

31. Farooqui A, Hiser B, Barnes SL, Litofsky NS. Safety and efficacy of early
thromboembolism chemoprophylaxis after intracranial hemorrhage from
traumatic brain injury. J Neurosurg. 2013;119:1576–1582.

32. Scudday T, Brasel K, Webb T, Codner P, Somberg L, Weigelt J, et al. Safety
and efficacy of prophylactic anticoagulation in patients with traumatic brain
injury. J Am Coll Surg. 2011;213:148–153.

33. Zhang Z. Missing data imputation: focusing on single imputation. Ann
Transl Med. 2016;4:9.
© 2023 Wolters Kluwer Health, Inc. All rights reserved.

ealth, Inc. All rights reserved.


