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Abstract

Background: Venous thromboembolism (VTE) is a serious complication in patients with moderate to severe traumatic brain injury (TBI). While early VTE 
prophylaxis (VTEp) initiation (24–72 hours) has been shown to reduce thromboembolic events without increasing hemorrhagic complications, the safety and 
efficacy of very early (≤ 24 hours) administration remain unclear. This study examines the impact of VTEp timing on intensive care length of stay (ICU LOS) in 
TBI patients, stratified by bleeding risk using the modified Berne-Norwood Criteria (mBNC).

Objective: To develop predictive tools for robust risk stratification that incorporate TBI characteristics, VTEp timing, and patient factors to predict rebleeding 
risk and optimize ICU resource utilization.

Methods: A retrospective cohort study was conducted using the ACS-TQIP-PUF (2017–2021) database. Adult patients (≥15 years) with isolated TBI 
receiving VTEp (low molecular weight heparin, unfractionated heparin, or mechanical filter) were included. Patients were categorized by mBNC re-bleeding 
risk (low, moderate, high) and VTEp timing (very early ≤ 24 hours, middle > 24 to < 72 hours, late ≥ 72 hours). ICU LOS was analyzed using multivariable 
linear regression models.

Results: Among 99,078 patients, very early VTEp was associated with significantly shorter ICU LOS in low and moderate-risk groups (3.7–4.4 days 
reduction, p < .01) compared to late initiation. High-risk patients receiving very early VTE PPX exhibited increased mortality (p < .01). Patients with and 
without anticoagulation history showed similar trends.

Conclusion: Very early VTEp significantly reduces ICU LOS in low/moderate risk TBI patients without increasing complications. This finding highlights the 
importance of timely VTEp in minimizing ICU resource utilization without increasing rebleeding risk in appropriately stratified patients. Developing predictive 
tools that integrate TBI size, type, and patient factors can further refine risk stratification and optimize clinical decision-making for VTE management in TBI 
patients. 

Levels of Evidence: Level III, retrospective/epidemiological 

Highlights

1.	 Initiating VTE prophylaxis within 24 hours significantly decreased ICU length of stay in low and moderate-risk TBI patients.

2.	 Early VTE prophylaxis was beneficial for most patients, high-risk TBI patients experienced increased mortality with very early administration.

3.	 Patients with and without a history of anticoagulation or bleeding disorder showed similar trends in ICU stay reduction with very early VTEp.
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mortality, particularly in older patients [12,13]. Given 
these challenges, interventions that safely reduce ICU 
LOS while maintaining patient safety are of high clinical 
relevance.

A growing body of evidence supports early VTEp 
initiation in trauma patients, demonstrating reductions in 
VTE incidence, ICU LOS, and overall hospital costs [14,15]. 
Rhodes and colleagues, in their recent analysis, stratified 
TBI patients using the Modified Berne-Norwood Criteria 
(mBNC) a validated tool for classifying TBI patients into 
low, moderate, or high risk of spontaneous hemorrhagic 
progression [16,17]. Their findings suggested that very 
early (≤ 24 hours) VTEp was safe and effective in patients 
in the low/moderate risk categories but associated with 
increased mortality in the high-risk category. These 
findings underscore the importance of individualized 
risk stratification when deciding on the timing of VTE 
prophylaxis.

While several studies have compared early versus 
late (≥ 72 hours) VTEp in terms of mortality and VTE 
prevention, there remains a lack of high-quality evidence 
evaluating very early VTE PPX (≤ 24 hours) specifically 
in relation to ICU LOS [14,15]. Understanding whether 
very early administration can safely reduce ICU LOS while 
maintaining low rates of hemorrhagic complications is 
crucial for optimizing trauma care strategies.

Despite advances in trauma care, there is no consensus 
on the optimal timing of VTEp in TBI patients. Existing 
guidelines vary in their recommendations. The American 
College of Surgeons (ACS) suggests early prophylaxis only 
for low risk nonoperative TBI patients [18]. The American 
Association for the Surgery of Trauma (AAST) broadly 
recommends initiation within 24–72 hours, balancing 
the risk of VTE and ICH progression [19]. Meanwhile, the 
Brain Trauma Foundation does not provide specific timing 
recommendations, reflecting ongoing uncertainty in the 
field [20]. 

Given this variability, there is an urgent need for large-
scale, evidence-based research to inform clinical practice. 
The present study aims to bridge this gap by utilizing data 
from the American College of Surgeons Trauma Quality 
Program Participant Use File (ACS-TQIP-PUF) 2017–2021, 
a comprehensive national trauma dataset. This study will 
evaluate the impact of very early (≤ 24 hours) versus later 
(> 24 hours) VTEp on ICU LOS in isolated TBI patients 
stratified by mBNC re-bleeding risk. By incorporating risk 
stratification via mBNC, we aim to determine whether 
certain patient populations (low vs. moderate vs. high 
risk) may safely benefit from earlier prophylaxis initiation. 

INTRODUCTION

Venous thromboembolism (VTE) is a serious and 
potentially fatal complication among trauma patients, 
particularly those with traumatic brain injury (TBI). 
TBI patients face an increased risk of developing deep 
vein thrombosis (DVT) and pulmonary embolism (PE) 
due to a combination of prolonged immobility, systemic 
inflammatory responses, and coagulation abnormalities 
[1-3]. Given these risks, the administration of venous 
thromboembolism prophylaxis (VTEp) is an essential 
component of post-trauma management. However, in 
TBI patients, the decision to initiate pharmacologic VTEp 
must be carefully balanced against the risk of intracranial 
hemorrhage (ICH) progression.

The timing of VTEp initiation in TBI patients has been 
a longstanding area of clinical uncertainty. Recent studies 
suggest that early administration (within 24–72 hours 
post-injury) of VTEp is associated with reduced rates of 
DVT and PE without significantly increasing the risk of 
ICH progression [3-5]. However, the safety and efficacy of 
very early (≤ 24 hours) VTEp initiation remain unclear. 
The concern is that administering anticoagulation too 
soon could exacerbate intracranial bleeding, leading 
to worsened neurological outcomes or necessitating 
neurosurgical intervention. Despite these risks, some 
trauma providers have started adopting very early VTEp 
protocols to further reduce VTE incidence and intensive 
care unit length of stay (ICU LOS). This shift in practice 
warrants further investigation to determine whether very 
early VTEp provides net clinical benefit in TBI patients.

TBI patients often require ICU admission due to the 
complexity of their injury and the need for close neurological 
monitoring, ventilatory support, and management of 
complications such as increased intracranial pressure 
and seizures [6]. Compared to other trauma patients, 
those with TBI tend to have longer ICU stays, which are 
influenced by factors such as Glasgow Coma Scale (GCS) 
score, injury severity, need for mechanical ventilation, and 
occurrence of secondary complications [7,8]. Studies have 
reported ICU LOS for severely injured patients ranging 
from 6.3 days to over 19 days for severe TBI patients with 
mass lesions [9,10].

Prolonged ICU LOS is associated with increased risks of 
secondary complications, including ventilator-associated 
pneumonia, bloodstream infections, sepsis, and ICU-
acquired weakness [11]. Furthermore, extended ICU 
stays place a significant burden on healthcare systems, 
increasing costs and straining resources. Studies have 
also linked longer ICU stays with higher post-discharge 
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craniotomy) with timing, comorbidity (anticoagulation or 
bleeding disorder) and in-hospital mortality. The modified 
Berne-Norwood Criteria is a categorical risk stratification 
tool used in this research has been adapted for assessing 
rebleeding risk in TBI patients when considering initiation 
of VTEp. It categorizes patients into low-, moderate-, and 
high-risk groups based on clinical and radiologic features 
such as presence and type of intracranial hemorrhage 
and need for neurosurgical intervention [17]. This 
stratification helps clinicians determine the optimal timing 
for starting low molecular weight heparin (LMWH) or 
other anticoagulants, balancing the risk of hemorrhagic 
progression against the risk of VTE. While not all 
adaptations of the Berne-Norwood criteria for VTE timing 
are universally codified, this use is supported by evolving 
clinical practice and literature. Always cross-reference 
with institutional protocols or more recent studies if 
needed.

Study Population and Eligibility Criteria

The study population consisted of adult (≥15 years) 
patients who received low molecular weight heparin 
(LMWH), unfractionated heparin (UFH), or mechanical 
filter VTEp with no missing times (Figure 1). This study 
population only had a blunt injury type with an isolated TBI 
based upon the mBNC. The sample population was grouped 
based on mBNC re-bleeding risk using corresponding AIS 
PREDOT codes (Supplementary Table 1). The AIS PREDOT 
codes determines the presentation and size of hemorrhage 
based upon the computed tomography (CT) scans received 
closest to the first 24 hours [22]. The mBNC TBI population 
excluded all ISS non TBI region codes 2-6 (face, chest, 
abdominal or pelvic, extremities or pelvic girdle, external) 
that had an AIS injury severity score > 2 (moderate to 
severe). The isolated mBNC population was split into two 
groups, patients with and without a comorbid history 
of anticoagulation or bleeding disorder. The mBNC was 
applied to distinguish each group into a low-, moderate, or 
high re-bleeding risk based on size and type of TBI. The 
high-risk mBNC group had an ICP monitor or craniotomy 
prior to VTEp. The risk groups were stratified into very 
early ≤ 24-hour, middle > 24 to < 72 hour, and late ≥ 72-
hour VTEP administration. Patient records with incomplete 
VTEp type and timing were excluded from further analysis. 
The outcome of interest in this analysis was an estimate on 
ICU stay based on the timing of VTEp.

Statistical Analysis

Descriptive statistics analyzing characteristics of the 
entire sample were reported, including mean, median, and 
frequencies. Continuous variables were compared using 

Our findings have the potential to refine existing clinical 
guidelines, improve patient outcomes, and enhance ICU 
resource utilization in trauma centers. Given the high 
incidence of VTE in TBI patients and the associated risks 
of prolonged ICU stays, the question of optimal VTEp 
timing remains a critical topic in trauma care. While 
early prophylaxis (24–72 hours) has been shown to be 
safe and effective, very early (≤ 24 hours) administration 
remains controversial due to concerns about hemorrhagic 
progression. This study seeks to clarify whether very early 
VTE can safely reduce ICU LOS, thereby improving patient 
outcomes and reducing healthcare burden. Our findings 
will provide valuable insights to guide future trauma 
management and VTE prevention strategies.

OBJECTIVE

This study aims to evaluate the impact of very early 
(≤ 24 hours) versus later (> 24 hours) VTE prophylaxis 
initiation on ICU length of stay among moderate to severe 
TBI patients. Using the American College of Surgeons 
Trauma Quality Program Participant Use File (ACS-TQIP-
PUF) 2017–2021 dataset, we stratified patients by re-
bleeding risk (low, moderate, and high) per the mBNC. Our 
objective is to provide evidence-based insights to inform 
clinical decision-making and optimize the timing of VTEp 
to improve patient outcomes and healthcare efficiency.

METHODS

Study Design and Data Source

This study was deemed exempt from oversight by the 
[RHO10523] Institutional Review Board in compliance with 
current regulations. Results were reported in accordance 
with the Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) guidelines. The 
completed checklist is submitted as supplemental digital 
content. 

This retrospective cohort study utilized the ACS-
TQIP-PUF from 2017 to 2021. The ACS-TQIP-PUF dataset 
comprises anonymized research data from more than 700 
trauma centers across the United States, encompassing 
Level I-V or undesignated centers, and includes all records 
transmitted to the National Trauma Data Bank (NTDB) 
[21]. Collected variables included VTEp type and timing, 
demographics (age, sex, race, ethnicity, insurance, facility 
verification level, and mode of transportation), injury 
categories (blunt injury, Injury Severity Score [ISS], 
and Abbreviated Injury Scale [AIS] body regions), in-
hospital complications (DVT, pulmonary embolism [PE]), 
morbidity, ICU length of stay, ventilatory days), ICD10 
procedure codes (intracranial pressure monitor and 
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The ACS-TQIP Dataset 2017-2021 (N=5,481,046) 

 

Patient was an adult (≥15 years) (N=4,674,987) 

 

Patient only received LMWH, UFH, or mechanical VTE PPX with no missing times (N=1,863,138) 

 

Patient only had a blunt injury (N=404,946) 

 

Patient had an isolated TBI (by mBNC), excluded non TBI (ISS Region 2-6) with AIS >2 (N=99,078) 

 

Patient did not have a history of anticoagulation or bleeding disorder (N=75,952; 76.6%)  Patient had a history of anticoagulation or bleeding disorder (N=23,126; 23.3%) 

                       

Patient did not have an ICP monitor or craniotomy prior to 

VTE PPX (N=68,135; 89.7%) 

 

 Patient did have an ICP 

monitor or craniotomy 

prior to VTE PPX 

(N=7,817; 10.2%) 

 

 

Patient did not have an ICP monitor or craniotomy prior to 

VTE PPX (N=20,516; 88.7%) 

 
Patient did have an ICP 

monitor or craniotomy prior 

to VTE PPX (N=2,610; 

11.2%) 
   

                       

Low Risk mBNC 

SDH ≤8mm 

EDH ≤8mm  

Largest single contusion ≤ 

2cm 

No more than 1 

contusion/lob 

Isolated SAH 

Isolated IVH 

(N=44,271; 59.1%) 

 

 
Moderate Risk mBNC 

SDH >8mm 

EDH >8mm 

Largest single contusion 

>2cm 

More than 1 

contusion/lobe 

Non-Isolated SAH 

Non-Isolated IVH 

(N=23,864; 31.4%) 

 

 High Risk mBNC 

(N=7,817; 10.2%) 

 
Low Risk mBNC 

SDH ≤8mm 

EDH ≤8mm  

Largest single contusion ≤ 

2cm 

No more than 1 

contusion/lob 

Isolated SAH 

Isolated IVH 

(N=12,978; 56.1%%) 

 

 
Moderate Risk mBNC 

SDH >8mm 

EDH >8mm 

Largest single contusion 

>2cm 

More than 1 contusion/lobe 

Non-Isolated SAH 

Non-Isolated IVH 

(N=7,538; 32.5%) 

 

 High Risk mBNC 

(N=2,610; 11.2%)      

           

  

Early 

≤24h 

VTE 

PPX 

(N= 

298; 

3.8%) 

Mid 

>24-

<72h 

VTE 

PPX 

(N= 

2,875; 

36.7

%) 

Late 

≥72h 

VTE 

PPX 

(N= 

4,644; 

59.4

%) 

   

Early 

≤24h 

VTE 

PPX 

(N= 

61; 

2.3%) 

Mid 

>24-

<72h 

VTE 

PPX 

(N= 

907; 

34.7

%) 

Late 

≥72h 

VTE 

PPX 

(N= 

1,642; 

62.9%) 

                       

Early 

≤24h 

VTE 

PPX 

(N= 

8,541; 

19.2

%) 

Mid 

>24-

<72h 

VTE 

PPX 

(N= 

27,08

9; 

61.1

%) 

Late 

≥72h 

VTE 

PPX 

(N= 

8,641; 

19.5

%) 

 

Early 

≤24h 

VTE 

PPX 

(N= 

2,692; 

11.2

%) 

Mid 

>24-

<72h 

VTE 

PPX 

(N= 

13,88

7; 

58.1

%) 

Late 

≥72h 

VTE 

PPX 

(N= 

7,285; 

30.5%

) 

     

Early 

≤24h 

VTE 

PPX 

(N= 

1,840; 

14.1

%) 

Mid 

>24-

<72h 

VTE 

PPX 

(N= 

8,292; 

63.8

%) 

Late 

≥72h 

VTE 

PPX 

(N= 

2,846; 

21.9

%) 

 

Early 

≤24h 

VTE 

PPX 

(N= 

604; 

8.0%) 

Mid 

>24-

<72h 

VTE 

PPX 

(N= 

4,353; 

57.7%

) 

Late 

≥72h 

VTE 

PPX 

(N= 

2,581; 

34.2%

) 

    

Figure 1 Participant Flowchart Among Adults (≥ 15 Years) Who Only Received LMWH, UFH, or an IVC Filter With No Missing Times That 
Experienced A Blunt Isolated Traumatic Brain Injury.
Note: ACS-TQIP=American College of Surgeons Trauma Quality Improvement; LMWH=low molecular weight heparin; UFH=unfractionated 
heparin; VTE PPX= venous thromboembolism prophylaxis; TBI=traumatic brain injury; mBNC=modified Bernie Norwood Criteria; ISS=injury 
severity score; AIS=abbreviated injury severity score; ICP=intracranial pressure; SDH=subdural hematoma; EDH=epidural hematoma; 
SAH=subarachnoid hemorrhage; IVH=intraventricular hemorrhage
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the Kruskal Wallis test, whereas categorical variables were 
compared using Pearson’s Chi-square test of proportions, 
as appropriate in R-4.4.1 in RStudio (R Core Team, 2023, 
Vienna, Austria) software. Predictor variables for the 
regression model were selected via multicollinearity test 
for tolerance, ensuring that values > 0.5 were included to 
satisfy the goodness of fit criterion. All variables chosen for 
the model were found to be independent of each other and 
adequately powered. Statistical significance was defined 
as p-values <.05 for all models. Two linear regression 
models were constructed, with ICU length of stay as the 
dependent variable, respectively. The analysis utilized 
linear regression in SPSS-28 software (Armonk, NY). There 
were 18 exposure groups based upon VTEp timing and 
mBNC re-bleeding risk. The secondary controlled effects 
encompassed of age, sex, race, ethnicity, insurance, mode 
of transportation, facility verification level, injury severity 
score, and VTEp type. The reference group for the models 
was late (≥ 72 hours) administration of VTEp.

RESULTS

Section I: First Analysis Patient Description

Patient Characteristics with History of 
Anticoagulation or Bleeding Disorder: Query of the 
ACS-TQIP database over the four-year period yielded a 
total of 99,078 isolated TBI patients; 23% had a history 
of anticoagulation or bleeding disorder (Supplementary 
Table 2). This population was largely Caucasian (84%) 
and on average was 75 years [SD = 10]. Within this group 
56% were considered low, 32% moderate, or 11% high 
re-bleeding risk based on the mBNC. Of the total sample, 
patients typically received UFH (50%) on average 68 
hours (SD = 62] after arrival. Neurosurgical intervention 
(1% of total sample; craniotomy or intracranial pressure 
monitor) after VTEp largely occurred in the moderate risk 
mBNC very early (≤ 24 hour) VTEp administration group 
(6%, p < .01; Supplementary Table 3). The average ICU 
stay in the total population was 5 days [SD = 5], with the 
longest stay among the high risk mBNC late (≥ 72 hours) 
VTEp group (Mean = 10 days [SD = 7.4], p < .01). The 
mortality rate (21%) was the highest among the high risk 
mBNC very early (≤ 24 hour) VTEp administration group 
(p < .01).

Patient Characteristics without History of 
Anticoagulation or Bleeding Disorder: Of the queried 
sample, 76% did not have a history of anticoagulation 
or bleeding disorder (Supplementary Table 4). This 
population was largely Caucasian (72%) and on average 
was 62 years [SD = 19]. Within this group 59% were 
considered low 31% moderate, or 10% high re-bleeding 

risk based on the mBNC. Patients in this group typically 
received LMWH (59%) on average 63 hours (SD = 67] 
after arrival. Neurosurgical intervention (1% of total 
sample; craniotomy or intracranial pressure monitor) 
after VTEp largely occurred in the moderate risk mBNC 
very early (≤ 24 hour) VTEp administration group (4%, p < 
.01; Supplementary Table 4-6). The average ICU stay in the 
total population was 5 days [SD = 5], with the longest stay 
among the high risk mBNC late (≥ 72 hours) VTEp group 
(Mean = 10 days [SD = 8], p < .01). The mortality rate (7%) 
was the highest among the high risk mBNC very early (≤ 24 
hour) VTEp administration group (p < .01).

Section II: Second Analysis, Regression Models

Linear Regression Model: Patients with 
Anticoagulation and Bleeding History: A linear 
regression was calculated to estimate ICU length of stay 
based on early, middle, and late administration of VTEp 
(Table 1). The low re-bleeding risk group with very early 
(≤ 24 hour) VTEp timing was estimated to discharge from 
the ICU 3.7 days shorter (95% C.I. = -4.04 to -3.35, p < .01) 
when compared to the late (≥ 72 hour) reference group. 
The moderate re-bleeding risk group with very early (≤ 24 
hour) VTEp timing was estimated to discharge from the 
ICU 3.3 days shorter (95% C.I. = -3.9 to -2.85, p < .01) when 
compared to the late (≥ 72 hour) reference group.

Linear Regression Model: Patients without 
Anticoagulation and Bleeding History: A linear 
regression was calculated to estimate ICU length of stay 
based on early, middle, and late administration of VTEp 
(Table 2). The low re-bleeding risk group with very early 
(≤ 24 hour) VTEp timing was estimated to discharge from 
the ICU 4.4 days shorter (95% C.I. = -4.6 to -4.2, p < .01) 
when compared to the late (≥ 72 hour) reference group. 
The moderate re-bleeding risk group with very early (≤ 24 
hour) VTEp timing was estimated to discharge from the 
ICU 4.2 days shorter (95% C.I. = -4.5 to -3.9, p < .01) when 
compared to the late (≥ 72 hour) reference group.

DISCUSSION

This study demonstrates that among isolated blunt 
TBI patients in low and moderate mBNC re-bleeding 
risk groups, those who received very early (≤ 24 hour) 
VTE prophylaxis had significantly reduced ICU length 
of stay compared to those who received late (≥ 72 
hour) prophylaxis. This was consistent across patient 
populations irrespective of anticoagulation or bleeding 
history. Previous clinically relevant findings associated 
with very early prophylaxis included decreased rates of 
in-hospital mortality, decreased incidence of in-hospital 
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Table 1: Linear Regression Analysis of Factors Associated with Intensive Care Unit Length of Stay Among Adults (≥ 15 Years) Who Only Received Low Molecular Weight 
Heparin, Unfractionated Heparin, or an Inferior Vena Cava Filter with No Missing Times That Experienced A Blunt Isolated Traumatic Brain Injury

Effect S.E. Estimates 95% C.I. P-Value
Lower Upper

An
tic

oa
gu

la
tio

n 
or

 B
le

ed
in

g 
H

is
to

ry

Lo
w

 R
is

k Early ≤24h VTEP .17 -3.70 -4.04 -3.35 <.01

Mid >24 to <72h VTEP .11 -3.48 -3.70 -3.26 <.01

Late ≥72h VTEP Reference Group

M
od

er
at

e 
Ri

sk Early ≤24h VTEP .27 -3.39 -3.93 -2.85 <.01

Mid >24 to <72h VTEP .12 -3.19 -3.44 -2.94 <.01

Late ≥72h VTEP Reference Group

H
ig

h 
Ri

sk

Early ≤24h VTEP .83 .43 -1.20 2.08 .60

Mid >24 to <72h VTEP .23 -.01 -.46 .44 .96

Late ≥72h VTEP Reference Group

Co
nt

ro
lli

ng
 C

ov
ar

ia
te

s

Age .005 -.03 -.04 -.02 <.01

Sex (Male) .08 .56 .39 .74 <.01

Race (Caucasian) .12 -.52 -.75 -.28 <.01

Ethnicity Hispanic or Latino .19 .20 -.17 .58 .29

Insurance (Medicare) .11 .07 -.14 .28 .51

Mode of Transport (Ground Ambulance) .11 -.07 -.29 .14 .49

Facility Verification Level (Level I) .09 -.11 -.29 .06 .19

Injury Severity Score .007 .10 .08 .11 <.01

VTE Type (LMWH) .08 -.57 -.74 -.40 <.01

Note: VTEP=venous thromboembolism prophylaxis; LMWH = Low Molecular Weight Heparin; S.E.=Standard Error; C.I.=Confidence Interval

Table 2: Linear Regression Analysis of Factors Associated with Intensive Care Unit Length of Stay Among Adults (≥ 15 Years) Who Only Received Low Molecular Weight 
Heparin, Unfractionated Heparin, or an Inferior Vena Cava Filter with No Missing Times That Experienced A Blunt Isolated Traumatic Brain Injury

Effect S.E. Estimates 95% C.I. P-Value
Lower Upper

N
o 

An
tic

oa
gu

la
tio

n 
or

 B
le

ed
in

g 
H

is
to

ry

Lo
w

 R
is

k Early ≤24h VTEP .09 -4.40 -4.60 -4.21 <.01
Mid >24 to <72h VTEP .07 -4.33 -4.47 -4.19 <.01

Late ≥72h VTEP Reference Group

M
od

er
at

e 
Ri

sk

Early ≤24h VTEP .15 -4.22 -4.52 -3.92 <.01

Mid >24 to <72h VTEP .08 -3.94 -4.10 -3.78 <.01

Late ≥72h VTEP Reference Group

H
ig

h 
Ri

sk

Early ≤24h VTEP .43 -.32 -1.16 .52 .45

Mid >24 to <72h VTEP .14 -.45 -.74 -.15 <.01

Late ≥72h VTEP Reference Group

Co
nt

ro
lli

ng
 C

ov
ar

ia
te

s

Age .002 -.01 -.01 -.008 <.01

Sex (Male) .05 .63 .52 .74 <.01

Race (Caucasian) .06 -.34 -.46 -.22 <.01

Ethnicity Hispanic or Latino .08 -.20 -.36 -.03 .01

Insurance (Medicare) .07 -.27 -.41 -.13 <.01

Mode of Transport (Ground Ambulance) .07 -.19 -.33 -.06 <.05

Facility Verification Level (Level I) .05 -.12 -.24 -.01 .03

Injury Severity Score .004 .07 .06 .08 <.01

VTE Type (LMWH) .05 -.52 -.63 -.41 <.01
Note: VTEP=venous thromboembolism prophylaxis; LMWH = Low Molecular Weight Heparin; S.E.=Standard Error; C.I.=Confidence Interval 
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DVT and PE, and fewer ventilator days [16]. These results 
suggest that initiating VTE prophylaxis within 24 hours 
can lead to both improved patient outcomes and more 
efficient use of healthcare resources.

The significant reductions in ICU length of stay 
associated with very early prophylaxis highlights the 
potential benefits of more immediate treatment in 
isolated TBI patients, regardless of anticoagulation or 
bleeding history. Previous literature has demonstrated 
similar findings when comparing early prophylaxis (≤ 
72 hours from admission) with late (> 72 hours to 7 
days) or delayed (> 7 days) prophylaxis. A retrospective 
study by Hollfelder et al. observed decreased ICU length 
of stay by approximately four to six days with early 
prophylaxis versus late or delayed [15]. Similarly, Koehler 
et al., observed a two-day reduction in ICU stay with early 
compared to late prophylaxis [23]. Another retrospective 
study by Al-Dorzi et al., found that low and moderate risk 
patients given early prophylaxis resulted in approximately 
three fewer days in the ICU, although their findings were 
not statistically significant [24]. Notably, these studies 
used smaller sample sizes and did not further stratify 
timing into very early and middle VTE prophylaxis, as was 
done in our study. Our analyses support previous research 
while demonstrating further reductions in ICU length of 
stay with more immediate timing. Moreover, because our 
findings were consistent for patients both with and without 
anticoagulation or bleeding history, this approach appears 
to be effective in a wide range of patient populations.

Reduced ICU length of stay is associated with improved 
short- and long-term patient outcomes as well as lower 
hospital costs. A multicenter cohort study by Tardif 
et al., found that ICU stays exceeding 72 hours were 
associated with significantly higher rates of ventilator-
acquired pneumonia and cardiovascular complications 
[6]. Additionally, a prospective study by Huijben et al. 
observed that patients with longer stays had a greater than 
threefold increase in six-month mortality [25]. While these 
outcomes may be affected by other factors such as trauma 
center practice variations and injury severity, minimizing 
ICU length of stay directly benefits both patient well-
being and effective utilization of hospital resources [26]. 
Therefore, administering very early VTE prophylaxis 
may be beneficial in mitigating multiple complications 
associated with prolonged ICU days, ultimately improving 
patient outcomes and reducing the overall burden on 
healthcare systems.

Our analysis also demonstrated very early VTE 
prophylaxis to be associated with significantly decreased 
mortality in low and moderate risk re-bleed patients with 

or without anticoagulation or bleeding history. Previous 
literature examining the effects of thromboprophylaxis 
timing on mortality in this patient population have 
reported inconsistent findings. For example, Hollfelder et 
al., observed a greater than four-fold decrease in mortality 
when patients were given early versus late prophylaxis 
[15]. In contrast, Byrne et al., and Koehler et al., found 
that administering early prophylaxis did not significantly 
decrease mortality [4-23]. Our large-scale study adds to 
the existing body of evidence, supporting the potential 
mortality benefits of both very early and early prophylaxis 
when compared to late prophylaxis. Furthermore, our 
stratification by history of bleeding and anticoagulation 
emphasizes the potential safety of early prophylaxis across 
these clinically relevant patient groups.

Consistent with our other outcomes, rates of DVT and PE 
as well as ventilator days were also significantly decreased 
with very early VTE prophylaxis in both patient groups. 
These findings align with existing studies such as Hollfelder 
et al. which demonstrated that early prophylaxis was 
associated with significantly reduced VTE rates compared 
to late prophylaxis [15]. Moreover, a retrospective case 
series by Saadeh et al. found that none of the 122 patients 
who received very early prophylaxis developed VTE [27]. 
Regarding ventilation days, Al-Dorzi et al., and Koehler et 
al. both observed that late prophylaxis was associated with 
an increased need for mechanical ventilation compared to 
the early group [23,24]. Further research should explore 
the cost-effectiveness of very early prophylaxis, given its 
potential impact on both clinical outcomes and healthcare 
resource use.

The clinical implications of very early VTE prophylaxis 
for isolated blunt TBI patients in low and moderate 
mBNC re-bleeding risk groups are substantial, with 
potential to impact both current patient management and 
future guidelines. Initiating prophylaxis within 24 hours 
improves patient outcomes by significantly reducing 
ICU length of stay, in-hospital mortality, ventilator days, 
and rates of DVT and PE. The effectiveness of this early 
timing extends even to patients with a prior history of 
anticoagulation or bleeding, addressing concerns about 
potential contraindications in these groups. Therefore, 
with careful risk assessment, this approach can be safely 
implemented to optimize patient outcomes. These benefits 
also help alleviate healthcare system burdens by reducing 
the length and complexity of patient care, optimizing 
resource use, and ultimately reducing costs [28]. 

Currently, there is variability in the recommended timing 
of VTE prophylaxis across trauma organization guidelines. 
The American College of Surgeons only recommends very 
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early prophylaxis in low risk nonoperative TBI patients as 
determined by the mBNC. For patients with moderate and 
high risk nonoperative TBI, a timing of 24 to 48 hours is 
recommended, provided the intracranial injury remains 
stable [29]. In contrast, the American Association for the 
Surgery of Trauma (AAST) more broadly recommends 
initiation of thromboprophylaxis within 24-72 hours 
following TBI while balancing the risk of further bleeding 
[5]. The Brain Trauma Foundation does not provide specific 
level I or II recommendations regarding VTE prophylaxis in 
this patient population [20]. Our study provides additional 
evidence that may be utilized to create more specific and 
consistent guidelines in the future. 

We propose several recommendations based on 
our findings. Very early VTE prophylaxis appears to be 
safe and effective in isolated TBI patients with low and 
moderate risks of re-bleeding, therefore surgical and 
trauma societies should consider revisiting existing 
guidelines to provide more specific recommendations 
regarding very early prophylaxis and its potential impacts 
on key outcomes including ICU length of stay, mortality, 
and VTE rates. However, clinicians should remain cautious 
when managing high-risk patients due to the known risk 
of bleed expansion or worsening bleed. Finally, future 
research is needed to provide more granular data on 
metrics such as cost implications, bleed progression, and 
cause of mortality. 

Gaps in the literature exist regarding safety of early 
initiation in patients with severe head injuries. This 
study served to address these issues with a large-scale 
retrospective cohort grouped using the mBNC. Our 
findings demonstrate that very early VTE prophylaxis for 
TBI patients with low and moderate re-bleeding risk was 
associated with reduced ICU LOS compared to patients 
who received late prophylaxis. Benefits were also observed 
regarding in-hospital mortality, ventilator days, and rates 
of DVT/PE. Our findings highlight the need for updated 
practice management guidelines regarding the timing of 
thromboprophylaxis initiation in this patient population, 
to optimize patient outcomes, costs, and hospital resources. 

CONCLUSION

This study of adult trauma patients with severe isolated 
TBI found that those receiving chemical or mechanical VTE 
prophylaxis within 24 hours had significantly reduced ICU 
length of stay compared to those who received delayed 
prophylaxis. These patients also experienced reduced 
mortality, DVT and PE rates, and ventilator days. These 
findings underscore the importance of establishing more 
specific protocols and guidelines to improve treatment 

and outcomes for this high-acuity patient population. 
Future studies should also examine the cost implications 
and long-term outcomes of this management strategy to 
provide further evidence for hospitals and trauma systems.

STRENGTHS AND LIMITATIONS

Our study has several strengths, including the 
intention to analyze only isolated TBI patients stratified 
by the presence of preexisting anticoagulation or medical 
coagulopathy in three specific time cohorts. However, 
it is not without the limitations of a large retrospective 
database design. First, neurosurgical procedures served 
as a marker for clinically significant bleeding progression, 
however this does not consider significant events that do 
not require surgical intervention. Relying on neurosurgical 
intervention as a proxy for significant hemorrhagic 
progression, potentially overlooks clinically relevant 
non-operative bleeding events. As an example, many 
trauma centers use repeat head CT imaging in practice 
management guidelines that allow for the initiation of 
VTE prophylaxis. Radiologically indicated progression 
of bleeding is significant and would impact timing of 
prophylaxis, but this data is not captured in this study 
or by the ACS-TQIP-PUF dataset. Secondly, there is little 
mortality information available in this data set. The time 
and cause of death, specifically if related to bleeding events, 
is crucial before any recommendations can be made about 
timing of prophylaxis in the highest risk patients. Third, 
due to limited granularity, we were unable to assess long-
term functional outcomes, especially in patients requiring 
craniotomy or ICP monitoring after prophylaxis. Fourth, 
variations in institutional VTEp protocols may introduce 
bias, though stratification by re-bleeding risk (mBNC) 
aimed to mitigate this. Fifth, the dataset does not include 
long-term functional outcomes, which are essential for 
evaluating the broader impact of early prophylaxis. 
Finally, while ICU LOS serves as a valuable metric for 
resource utilization, other confounding factors such as 
variations in mechanical ventilation practices, secondary 
complications, and ICU admission criteria across trauma 
centers could influence results. Future prospective studies 
with real-time imaging data and long-term follow-up are 
needed to validate these findings.
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