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Abstract

Background /Objectives: Traumatic brain injury in elderly patients is a significant public
health concern, particularly for those on antithrombotic therapy. A clearer understanding
of how different antithrombotic agents affect the likelihood of intracranial hemorrhage in
elderly patients with TBI is needed to guide clinical management. Therefore, the objective
of this study was to assess the effect of preinjury antithrombotic agents on the incidence
of intracranial hemorrhage in elderly patients with traumatic brain injury. Methods: The
design was a retrospective cohort study set in a regional Australian hospital emergency
department. The study evaluated elderly patients (>65 years) with head injury cases iden-
tified from the integrated electronic medical record using SNOMED codes. Data on patient
demographics, antithrombotic use, computed tomography imaging, and outcomes were
collected. Results: A total of 152 elderly TBI patients were included in the study. Of these pa-
tients, 90.1% had falls leading to TBI. Among the patients, 30.3% were on antiplatelet agents,
23% were on direct oral anticoagulants, 7.2% were on vitamin K antagonists, and 39.5%
were not on any antithrombotic agents. Intracranial hemorrhage was found in 26.5% of
patients, with both direct oral anticoagulants (aOR 4.87, 95% CI 1.42-16.67, p < 0.01) and
vitamin K antagonists (aOR 4.95, 95% CI 1.04-23.55, p < 0.04) demonstrating statistically
significant associations with increased odds of ICH. Conclusions: Both vitamin K antag-
onists and direct oral anticoagulants were associated with a higher odds of intracranial
hemorrhage in elderly patients with TBI, while antiplatelet therapy did not show this effect.

Keywords: TBI; head injury; concussion; emergency department; ICH

1. Introduction

Traumatic brain injury (TBI) is defined as an alteration in brain function or other
evidence of brain pathology caused by an external force [1]. The severity of TBI is commonly
classified into mild, moderate and severe based on the Glasgow Coma Scale (GCS) [2].
TBI in the geriatric population is an important public health issue in Australia due to the
high incidence of accidental falls [3]. This poses a significant burden on the Australian
Healthcare system due to the rapidly growing elderly population (aged > 65 years) [4].
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A major challenge in the management of TBI in the elderly is the prevalent preinjury
use of antithrombotic therapy, comprising antiplatelet and anticoagulant drugs. These
agents are commonly prescribed to elderly patients to prevent thromboembolic events
associated with conditions such as cerebrovascular accidents (CVA), coronary artery disease
(CAD), atrial fibrillation (AF) and deep vein thrombosis (DVT) [5]. Aspirin and clopidogrel
are the most prescribed antiplatelet medications. Warfarin, a vitamin K antagonist (VKA),
was traditionally the most widely prescribed anticoagulant [6]. However, in recent decades,
direct oral anticoagulants (DOACs) such as direct thrombin inhibitors (e.g., dabigatran)
and direct factor Xa inhibitors (e.g., apixaban and rivaroxaban) have become preferred due
to advantages including no required laboratory monitoring with chronic use and fewer
polypharmacy interactions [7]. DOACs have also been demonstrated to have better safety
profiles for spontaneous bleeding compared to warfarin. The potential downside of broader
use is the difficulty in reversing the anticoagulant effects of DOACs immediately in cases
of trauma or emergency operation [8].

The most serious complication associated with antithrombotic use is intracranial hem-
orrhage (ICH) [9]. This may be spontaneous or due to trauma, with anticoagulated patients
being more likely to experience spontaneous ICH compared to the general population [9].
Additionally, ICH occurs more frequently in mild TBI in older adults [10]. This may con-
tribute to higher mortality rates seen in elderly patients with mild TBI compared to younger
patients with similar injuries [11]. Therefore, close monitoring of elderly patients on an-
tithrombotic therapy with mild TBI is advisable, as early identification and management of
traumatic ICH in this population may enhance post-injury quality of life [12].

Historically, anticoagulant therapy has been regarded as more likely to increase the
incidence of ICH and mortality from TBI than antiplatelet therapy [13]. For TBI patients on
anticoagulants, the findings are inconsistent between VKAs and DOACs [14-17]. There
is a paucity of data on the prevalence of specific antithrombotic agents among regional
hospital patients who sustain a TBI, as well as their associated clinical outcomes. Therefore,
this study aims to describe and compare outcomes of elderly patients taking preinjury
antithrombotic agents who presented to a regional hospital emergency department (ED)
with TBL

2. Materials and Methods
2.1. Study Design and Data Source

We conducted a retrospective cohort study, analyzing data from patients presenting
to the Mackay Base Hospital (MBH) ED from 1 January 2021 to 31 December 2021. MBH
services the Mackay regional area of north Queensland, a Modified Monash remoteness
category 2 (MM2) location [18]. The Townsville Hospital and Health Service Human
Research Ethics Committee (HREC/2022/QTHS/88219) approved the study.

We used the Systematised Nomenclature of Medicine—Clinical Terms, Australian
release (SNOMED CT-AU) codes relevant to head injury to identify potential TBI presen-
tations [19]. We extracted relevant ED presentations from FirstNet (Cerner, Kansas City,
MO, USA) data housed in the integrated electronic medical record (ieMR). Medical case
notes from ieMR were screened for inclusion and exclusion criteria for each identified
patient. Inclusion criteria were patients with a diagnosed TBI in the medical record and
age > 65 years. Exclusion criteria were patients whose injury did not meet the TBI defini-
tion, who did not have a documented GCS score, and whose mechanism of injury could
not be confirmed.
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2.2. Variables and Measurements

The primary outcome was the presence of traumatic ICH, determined through re-
view of radiologist-reported CT brain imaging performed at the index presentation. This
included acute subdural, extradural, subarachnoid, and intraparenchymal hemorrhages.
Only acute traumatic ICH were classified as positive outcomes. Acute hemorrhage was
defined based on radiological reporting consistent with recent bleeding. Chronic hemor-
rhages without features of acute bleeding were not included. Injury severity was assessed
using GCS scores and patient symptoms upon presentation. Patients were categorized into
a priori defined groups as moderate to severe TBI (GCS < 12) or mild TBI (GCS > 13) [2].
Secondary outcomes were ED length of stay (LOS) and patient disposition.

Demographic variables, including age, gender, and country of birth, were collected.
Mechanisms of TBI were classified as falls, blunt injuries, sports injuries, and assaults.
Patient treatment information included ED LOS, computed tomography (CT) imaging, the
category of antithrombotic drugs prescribed, and patient disposition. Where CT imaging
was not undertaken, the patient record was interrogated for details of the clinical rationale
and the use of the clinical decision rule used in this facility, the Canadian CT head rule.
Sample size calculation was not performed as this was a retrospective cohort study, time-
limited to one year.

2.3. Data Analysis

We used Stata version 16.0 (StataCorp LLC., College Station, TX, USA) to analyze the
data. The distribution of ICH by patient characteristics, causes of injury, TBI classification,
category of drugs prescribed and length of stay in the ED are presented as counts and
proportions. Wilcoxon rank-sum tests and Chi-square tests were employed to evaluate
differences in continuous and categorical variables, respectively. Binary logistic regression
was used to estimate crude odds ratios (cOR) and corresponding 95% confidence intervals
(CIs). We performed multivariable regression analyses, adjusting for key covariates such
as sex, mechanism of injury, and TBI severity. Statistical significance was determined by a
two-sided p-value of less than 0.05. The STROBE guidelines for reporting observational
studies were used [20].

3. Results

152 elderly patients (age > 65 years) with TBI presenting to the ED were included
(Figure 1). Table 1 presents patients” demographics and clinical characteristics. The median
age (IQR) for patients was 81 (73-86) years. The most common cause of injury for the cohort
was falls (90.1%).

[ Total ED presentations 265 years (n = 10,844) ]

[ Extracted records (n =179) ]

Injuries unrelated to TBI (n = 26)
Missed GCS (n=1)

[ Patientsincluded in the final analysis (n = 152) ]

Figure 1. Patient selection flow diagram.
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Table 1. Characteristics of TBI patients by incidence of haemorrhagic events.
. . . Traumatic Hemorrhage p-Value
Characteristics Total Population Absent Present
n 152 117 35
Age of patients, median (IQR) 81 (73-86) 82 (73-86) 80 (70-85) 0.45
Age of patients, n (%)
65-74 46 (30.3%) 35 (29.9%) 11 (31.4%) 0.67 *
75-84 49 (32.2%) 36 (30.8%) 13 (37.1%)
85+ 57 (37.5%) 46 (39.3%) 11 (31.4%)
Gender, n (%)
Female 83 (54.6) 69 (59.0) 14 (40.0) 0.05*
Male 69 (45.4) 48 (41.0) 21 (60.0)
Country of birth, n (%)
Born in Australia 128 (84.2) 101 (86.3) 27 (77.1) 02*
Born overseas 24 (15.8) 16 (13.7) 8 (22.9)
Mechanism of injury, n (%)
Fall 137 (90.1%) 104 (88.9%) 33 (94.3%) 1.00 *
Blunt injury 10 (6.6%) 8 (6.8%) 2 (5.7%)
Sport injury 2 (1.3%) 2 (1.7%) 0 (0.0%)
Assault Injury 3 (2.0%) 3 (2.6%) 0 (0.0%)
TBI Classification (GCS), n (%)
Mild TBI (GCS 13-15) 142 (93.4) 113 (96.6) 29 (82.9) 0.01*
Moderate to severe TBI (GCS < 12) 10 (6.6) 4(3.4) 6 (17.1)
CT done, n (%)
No 20 (13.2) - - -
Yes 132 (86.8) 97 (82.9) 35 (100.0)
Category of drugs prescribed n (%)
No drug 60 (39.5) 50 (42.7) 10 (28.6) 0.16 *
Antiplatelet 46 (30.3) 36 (30.8) 10 (28.6)
DOACs 35 (23.0) 25 (21.4) 10 (28.6)
VKAs 11(7.2) 6(5.1) 5(14.3)
LOS (h), median (IQR) 5.3 (3.8-8.2) 4.5 (3.5-8.2) 8.2 (5.6-12.5) <0.001
LOS (h), n (%)
<4h 46 (30.3%) 44 (37.6%) 2 (5.7%) <0.001
>4h 106 (69.7%) 73 (62.4%) 33 (94.3%)
Departure status, n (%)
Admitted or transferred 38 (25.0%) 13 (11.1%) 25 (71.4%) <0.001
Others (discharged, left, short 114 (75.0%) 104 (88.9%) 10 (28.6%)

stay unit)

Abbreviations: CT—computed tomography, DOAC—direct oral anti-coagulant, GCS—Glasgow Coma Scale,
IQR—interquartile range, LOS—Iength of stay, VKA—rvitamin K antagonist. * Fisher’s exact test.

In this study, 46 (30.3%) of the TBI patients were on antiplatelet therapy, 35 (23.0%)
on DOAC s, 11 (7.2%) on VKAs, and 60 (39.5%) were not on any antithrombotic agents.
ICH incidence for the overall study population was 35 (23.0%). The distribution of ICH
cases was 10/46 (21.7%) for patients taking antiplatelets, 10/35 (28.6%) for patients on
DOACS, 5/11 (45.5%) for patients on VKAs, and 10/60 (16.7%) for patients on no antithrom-
botic therapeutics. No patients in our sample were recorded as being on a combination
of therapies.

The median (IQR) LOS for the total study population was 5.3 (3.8-8.2) h (Table 1). The
median length of stay for patients with ICH was significantly higher than for the patients
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without ICH (8.2 h vs. 4.5 h, p < 0.001). 69.7% of patient presentations did not meet the
National Emergency Access Target (NEAT) stipulating that patients should be admitted,
discharged, or transferred within 4 h of presentation [21].

Patients who had CT assessment demonstrated higher odds of a stay in the ED longer
than 4 h compared to those with no CT (OR: 6.90, 95% CI: 2.52-18.87, p < 0.001). CT imaging
was performed in 132 /152 patients (86.8%). Imaging rates were 94.3% in patients receiv-
ing DOACs, 90.9% in those receiving VKAs, 84.8% in those on antiplatelet therapy, and
85.0% in patients not receiving antithrombotic agents. The clinical decisions documented
in the medical record for not undertaking CT imaging included that the findings would not
change management (as in patients with chronic neurodegenerative disease or who were
not candidates for neurosurgery), or the patient was not on antithrombotic agents and was
deemed a low risk of ICH.

In our unadjusted analysis, GCS classification < 12 (cOR 5.56, 95% CI: 1.56-19.76,
p <0.01) and VKA therapy (cOR 4.07, 95 CI%: 1.09-15.17, p < 0.04) were associated with
ICH (Table 2). After adjusting for sex, mechanism of injury, and severity of TBI, the use of
DOACs and VKAs was found to increase the odds of ICH significantly (aOR 4.87, 95% CI:
1.42-16.67, p < 0.01) and (aOR 4.95, 95% CI: 1.04-23.55, p < 0.04), respectively (Table 3).

We found that only 6.6% of TBI patients were free of chronic co-morbid conditions.
Cardiovascular (20.39%) and neurological diseases (20.39%) were the two most frequent
co-morbid conditions in elderly TBI patients (Figure 2).

Table 2. Unadjusted association of patient characteristics with traumatic haemorrhagic event.

. Hemorrhage
Characteristics OR (95% CI) p-Value
Age (continuous) 0.99 (0.94-1.03) 0.50
Age category
65-74 1.31 (0.52-3.31) 0.57
75-84 1.50 (0.61-3.67) 0.38
85+ Reference
Gender
Male 2.12 (0.99-4.54) 0.05
Female Reference
Country of birth
Born in Australia Reference
Born overseas 1.90 (0.75-4.81) 0.18
Mechanism of injury
Fall Reference
Blunt injury 0.92 (0.21-3.96) 0.91
Sport injury 0.62 (0.03-13.32) 0.76
Assault 0.45 (0.02-8.85) 0.60
TBI Classification
Mild TBI (GCS 13-15) Reference
Moderate/severe TBI (GCS < 12) 5.56 (1.56-19.76) 0.01
Drug category
No drug give Reference
Antiplatelet 1.38 (0.53-3.60) 0.51
DOACs 1.98 (0.74-5.27) 0.17
VKAs 4.07 (1.09-15.17) 0.04
Abbreviations: DOAC—direct oral anti-coagulant, GCS—Glasgow Coma Scale, VKA—yvitamin K antagonist.
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Table 3. Adjusted association of prescribed drugs with traumatic haemorrhagic events.

Characteristics gﬁ%‘;ﬁgﬁi p-Value
Drug category
No drug Reference
Antiplatelet 1.61 (0.56-4.62) 0.38
DOACs 4.87 (1.42-16.67) 0.01
VKAs 4.95 (1.04-23.55) 0.04

* Adjusted for: sex, mechanism of injury, severity of TBL

Proportion of comorbidity in TBI patients aged > 65 years

6.58

disease

Lung disease Chronic kidney Endocrinologic Rheumatic Cancer Gastrointestinal Diabetes No comorbidity  Psychiatric Vascular disease Cardiovascular Neurological

disease disease and liver disease Mellitus disease diseases disease

Types of comorbid conditions

Figure 2. Proportion of comorbidity in TBI patients 65 years and above presenting to the regional
emergency department. Orange refers to comorbidities, blue refers to no comorbidities.

4. Discussion

Our study found that anticoagulants were associated with increased odds of ICH in
elderly TBI patients, whereas antiplatelet therapy did not demonstrate such an effect. This
conclusion aligns with findings from retrospective studies reporting anticoagulants, but
not antiplatelets, were associated with increased ICH risk or injury evolution [14,22,23].
However, Vedin et al. have presented contrasting evidence from a retrospective study
including 1938 TBI patients with fall from standing height, suggesting that antiplatelets
rather than anticoagulants were independently linked to traumatic ICH, especially in older
patients [24]. A meta-analysis by Fuller, including seven studies of patients on DOACs,
reported a pooled adverse outcome risk of 4%. However, the overall quality of the body
of evidence was low, resulting from imprecision, indirectness, and risk of bias [25]. These
differing conclusions and the lack of high-level evidence point to the need for prospective
studies exploring the effects of these drug classes.

With consideration to anticoagulants, the literature suggests that DOACs confer less
risk of ICH than VKAs. A recent systematic review and meta-analysis evaluating 28 studies
concluded that patients on DOACs were at lower risk of ICH after mild TBI compared to
patients on VKAs [17]. Our study found increased odds of ICH from both DOACs and
VKAs but was not powered to differentiate risk between these classes of agents. Individual
studies with large patient cohorts also suggest that DOACs may be safer than VKAs, with
lower rates of hemorrhage progression and improved functional outcomes [16,26]. These
studies argue that DOACs could be a preferable option for elderly patients prone to falls,
offering a reduced risk of ICH following blunt trauma without the same high rates of
progression seen with VKAs. This variability could be explained by differences in study
design, patient selection, or the timing of anticoagulant administration.
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The association of VKAs and DOACs with ICH following TBI in this study should
promote caution in the use of these drugs in elderly patients with atrial fibrillation. In
managing this risk, the HAS-BLED score can be used to estimate the likelihood of major
bleeding for patients on anticoagulation to assess risk-benefit in atrial fibrillation care.
Patients with higher HAS-BLED scores have coexisting conditions that amplify the bleed-
ing risk, making this tool particularly valuable for elderly individuals who are already
predisposed to falls and other trauma. Further similar studies, including the HAS-BLED
score as part of the initial assessment, could highlight the validity of using such scores prior
to commencing DOACs or VKAs [27].

Patients on VKAs with elevated INR levels, even if their initial brain CT scan is normal,
remain at considerable risk for developing delayed ICH, and guidelines recommend that
patients be admitted for observation to monitor for delayed complications [28,29]. While
some studies suggest that routine follow-up CT scans may not be necessary for anticoagu-
lated patients with a negative initial scan and no signs of neurological deterioration, the
overall risk of ICH following mild head injury in this patient group remains uncertain.
Future prospective research that investigates drug type, injury severity, and the role of ad-
vanced diagnostic biomarkers [30] will be important in the detection of acute and delayed
ICH in elderly patients using antithrombotic agents.

The NEAT stipulates that patients should be admitted, discharged, or transferred from
Australian EDs within 4 h of presentation [21]. In our study, we observed that 69.7% of
patient presentations exceeded this target, with a significantly higher proportion among
patients with intracranial hemorrhage (94.3% vs. 62.4%, p < 0.001). Delays in meeting
NEAT may be attributed to various factors, including awaiting procedures such as CT scan,
bed block due to high occupancy rates, or delays in specialist consultations [21].

A key challenge in managing elderly patients with mild TBI in ED is determining
when a CT scan is necessary, while also aiming to optimize resource use. The Canadian
CT Head Rule (CCHR) is used for mild TBI in Australian healthcare facilities and has
shown 99-100% sensitivity in detecting patients needing a neurosurgical intervention, with
low specificity (39-51%) [13]. However, usage of preinjury antithrombotic agents is one
of the exclusion criteria for CCHR. Clinical guidelines state that patients aged 65 years or
greater with coagulopathy undergo a CT [29,31]. Our study found that 13.2% of patients
aged > 65 years with TBI did not receive a CT scan, and this discrepancy suggests non-
compliance with the guidelines. However, when interrogating the medical records for these
patients, the reasons documented for withholding CT scans included clinical judgments that
imaging would not alter management (e.g., in patients with neurodegenerative conditions
such as late-stage dementia) or patients not requiring neurosurgical intervention specified
on an advance care directive. This finding highlights the importance of balancing guideline
implementation, resource optimization, and individual patient circumstances.

This study did not explore the impact of combination therapy, and therefore, no specific
conclusions can be drawn about its effects within our cohort. Overall, while our findings
are consistent with much of the literature regarding the risks associated with VKAs, further
research is needed to clarify the role of DOACs, antiplatelets and combination therapy,
particularly in diverse elderly populations with varying comorbidities and TBI severities.

There are limitations identified in this current study. Coagulation parameters were
not included in the analysis. Consequently, we were unable to determine the intensity
of anticoagulation at presentation or assess whether supratherapeutic anticoagulation
contributed to the observed risk of ICH. This limitation is particularly relevant for patients
receiving VKAs. Another limitation is that detailed comorbidity data were not collected
or incorporated into the multivariable model. Elderly patients frequently have multiple
chronic conditions, which may influence both baseline neurological status and clinical
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presentation following head injury. Pre-existing cognitive impairment or neurological
disease may affect GCS independently of injury severity. Although 13.2% of patients
did not undergo CT imaging, imaging rates were highest among anticoagulated patients.
Therefore, any under-ascertainment of ICH would be more likely in lower-risk cohorts,
potentially biasing associations toward the null rather than exaggerating risk estimates.
Another limitation of this study is the relatively small sample size, particularly within
individual antithrombotic subgroups. There were 35 ICH events available for multivariable
modeling, and given the number of covariates included, the events-per-variable ratio
was modest. This may increase the risk of model overfitting and instability of adjusted
estimates, as reflected by the wide confidence intervals observed, especially for VKAs.
Accordingly, the magnitude of the observed associations should be interpreted cautiously.
Additionally, residual confounding could influence the estimates, as certain variables might
not have been included in the adjusted analysis due to data limitations. These findings
represent associations rather than evidence of causality and require confirmation in larger,
adequately powered cohorts. This is a retrospective study; therefore the classification of
antithrombotic agent groups was based on self-reported data and the completeness of
medical records, which may introduce potential biases or inaccuracies. Incomplete data,
such as the precise timing and adherence to antithrombotic therapy, potentially affect our
findings. Furthermore, the short follow-up period precludes the identification of delayed
complications, such as late-onset ICH. Despite these limitations, our findings from this
regional center allow valuable comparisons with international data.
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