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Abstract

Purpose Mild traumatic brain injury (mTBI) is one of the most common trauma-related diagnoses treated in
emergency departments, especially among the geriatric population. Higher age alone is often an indication for a
computed tomography (CT) scan, even when, approximately 90% of these scans do not reveal intracranial injuries.
Incorporation of new diagnostic parameters into indication schemes for CT scans could improve the efficiency and
reduce unnecessary imaging. The primary outcome of this study was to evaluate the association of acute behavioral
changes among elderly patients treated for mTBI with the prevalence of intracranial injuries diagnosed by CT scans.

Methods A retrospective cross-sectional study was conducted at Louis Pasteur University Hospital in KoSice. All
patients aged 65 and older who presented during the period of 12 months with suspected mTBI and underwent CT
imaging were included in the study. Electronic health records were used as a data source.

Results A total of 586 patients were included in the study. Acute behavioral changes were observed among 60
(10.2%) patients. Intracranial injury was diagnosed in 35 patients (6.0%). There was a statistically significant association
between acute behavioral changes and the presence of intracranial injuries (p < 0.05), with those exhibiting behavioral
changes having higher odds of injury (OR: 6.51; 3.01-13.7;, p < 0.001).

Conclusion Elderly patients with mTBI who present with acute behavioral changes are more likely to have
intracranial injuries detected by CT scans. Incorporating these symptoms into indication schemes for head CT scans
may improve strategies aimed at more effective and judicious use of imaging.

Trial registration Clinical trial number: Not applicable, retrospectively registered.

Keywords Traumatic brain injury, TBI, Mild TBI, Geriatric TBI, Aggression

*Correspondence: 31st Department of Psychiatry, Pavol Jozef Safarik University and Louis
Marian Sedlak Pasteur University Hospital, Kosice, Slovakia

marian.sedlak. md@gmail.com “Department of Pneumology and Phtiseology, Pavol Jozef Safarik
'Department of Trauma Surgery, Faculty of Medicine, Pavol Jozef Safarik University and Louis Pasteur University Hospital, Kosice, Slovakia
University and Louis Pasteur University Hospital, Kosice, Slovakia Department of Pathological Physiology, Pavol Jozef Safarik University,
2School of Public Health, Physiotherapy and Sports Science, University Kosice, Slovakia

College Dublin, Dublin, Ireland

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:/creati
vecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://orcid.org/0000-0001-6312-6856
https://orcid.org/0009-0002-5955-3497
https://orcid.org/0000-0003-2938-6675
https://orcid.org/0009-0006-2625-377X
https://orcid.org/0000-0001-6278-8946
https://orcid.org/0000-0002-3458-3692
https://orcid.org/0000-0003-2856-2796
http://crossmark.crossref.org/dialog/?doi=10.1186/s12873-025-01208-w&domain=pdf&date_stamp=2025-3-28

Sedlak et al. BMC Emergency Medicine (2025) 25:50

Background

Mild traumatic brain injury (mTBI) is one of the most
frequent injury-related diagnoses among the geriatric
population, driven by the aging population and a higher
incidence of falls among the elderly. It is one of the lead-
ing causes of morbidity and mortality among older adults
[1-3]. Patients in this cohort are unique due to their
physiology, medical conditions, frailty, and polyphar-
macy. The physiological changes associated with aging,
including brain atrophy and increased fragility of cere-
bral blood vessels, complicate the diagnosis of mTBI in
this group [2, 4]. Additionally, psychiatric symptoms such
as confusion, agitation, irritability and aggression, which
are often linked to qualitative disturbances in conscious-
ness, may further complicate the clinical picture in these
patients. These disturbances can serve as important indi-
cators of acute intracranial injuries, especially when clas-
sical neurological symptoms like altered Glasgow Coma
Scale (GCS) scores are absent [5-7].

Computed tomography (CT) is a standard diagnostic
tool for assessing mTBI, primarily due to its effective-
ness in detecting acute intracranial injuries, which are
the main cause of mortality [8]. Although it is an essen-
tial diagnostic tool for identifying serious intracranial
injuries, its overuse poses concerns, including cumula-
tive exposure to ionizing radiation, cost implications, and
the potential for unnecessary healthcare interventions [9,
10]. In the elderly population with mTBI, almost 90% of
CT scans are negative concerning the presence of intra-
cranial injuries [3, 11, 12]. Clinical decision rules, such as
the Canadian CT Head Rule or the New Orleans Criteria
guide indications for CT scans. However, these guide-
lines are only partially applicable among older adults,
because higher age alone necessitates CT scans in several
decision rules [8, 13]. Moreover, elderly patients often
present with symptoms and comorbidities that compli-
cate the clinical picture. Given these challenges, there is
a growing need to refine further the diagnostic strategies
for mTBI among older adults, including the possible uti-
lization of new clinical symptoms, laboratory markers,
or the enhancement of clinical criteria that would reduce
the reliance on CT scans without compromising the
timely detection of clinically significant injuries.

Agitation, irritability, impulsiveness, aggressive, or
antisocial behavior are frequently observed after trau-
matic brain injury [14, 15]. These psychiatric manifesta-
tions may occur even in the absence of overt neurological
symptoms, making their recognition crucial for timely
diagnosis. These disturbances can result from cortical
or subcortical injuries and are linked to neurochemical
changes, including dysregulation of serotonin and glu-
tamate, which can lead to post-injury psychiatric disor-
ders such as aggression or post-traumatic stress disorder
[16]. Several studies assessed their development among
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patients with a history of TBI, weeks or months after
the injury [14, 17]. Some studies have highlighted the
role of post-injury irritability and cognitive symptoms
as important factors for incomplete recovery in elderly
populations [18—20]. However, the timing of their onset,
prevalence during the acute phase after injury, or their
association with intracranial injuries detected by CT
scans in the geriatric population remain unknown.

The primary aim of this study was to assess the pres-
ence of acute behavioral changes as a predictive factor
of intracranial injuries detected by CT among geriatric
patients treated for mTBI in the emergency department.

Methods

Study design

We conducted a single-center, retrospective, descriptive
cross-sectional study of geriatric patients aged 65 years
and older treated for suspected mild traumatic brain
injury in the emergency department of the Louis Pasteur
University Hospital in Kosice. The study covered a period
of 12 months (July 2023 - June 2024). Patients were iden-
tified through the hospital’s electronic health records sys-
tem. Records of all patients, who were 65 years and older,
and treated in the trauma emergency department were
screened for possible primary or concomitant traumatic
brain injury. On-duty physicians (trauma surgery, ortho-
pedics, or emergency medicine specialties) conducted
and documented patient assessments. Additional data
points were extracted from patients’ electronic health
records. Data analysis was performed in July and August
2024. The primary outcome of this study was to evalu-
ate the association of acute behavioral changes among
elderly patients treated at the emergency department due
to mTBI with the prevalence of intracranial injuries diag-
nosed by CT scans. This study has been written accord-
ing to the “Strengthening The Reporting of OBservational
Studies in Epidemiology” (STROBE) guidelines.

Inclusion and exclusion criteria

Electronic records of all patients aged 65 years and
older, who were treated in the emergency department
for injury-related complaints in the period of July 2023
- June 2024, were screened for suspected or confirmed
mild traumatic brain injury up to 48 h before their pre-
sentation. The patients had to obtain initial CT scan
imaging in the ED. The decision to perform a head CT
scan was made by the treating physician. We excluded all
patients with severely incomplete or missing data (miss-
ing description of patient’s behavior, missing multiple
secondary outcomes). We also excluded patients with
pre-existing cognitive deficits and chronic behavioral
changes, who were initially triaged as mTBI patients but
whose chronic GCS was not reliably documented and the
presenting GCS did not meet mTBI criteria (GCS 13-15).
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Methodology

The primary outcome of the study was an assessment of
acute behavioral changes as documented by the treating
physician and their association with intracranial lesions
found on a head CT scan among patients 65 years and
older treated in the ED for mild TBI. The type of behav-
ior was assessed according to the description of patients’
behavior in the written electronic records and was cat-
egorized into one of the following options: no acute
behavioral changes; confusion; agitation or irritability
or severe restlessness; verbal aggression; and physical
aggression. Confusion was defined based on the patient’s
Glasgow Coma Scale (GCS) verbal response score of
4, or if the medical notes indicated uncertainty on the
patient’s part regarding their surroundings, actions, or
expectations, without any notable impairment in physical
presentation or gestures. Agitation, irritability, or severe
restlessness were recorded when patients visibly exhib-
ited these behaviors, accompanied by physical changes
such as increased movement or altered gestures. These
behaviors were considered in conjunction with mental
confusion, reflecting a more physically demonstrative
response. Verbal aggression was characterized by any
documented verbal threats made towards medical staff,
which were expressed verbally but not accompanied by
physical actions or attempts. Physical aggression was
defined as any documented attempt or actual physical
attack directed toward medical personnel.

Patients had to obtain their CT scan in the emergency
department. All CT scans were evaluated and inter-
preted immediately after the procedure by a radiologist
through a written electronic report. Intracranial lesions
were defined as acute epidural, subdural, or subarachnoid
hemorrhages, and acute intraparenchymal hemorrhage
or brain contusions. In cases of more than one lesion
present, a combination of more than two specific findings
was reported as a distinct group. Among secondary out-
comes, several parameters were collected and analyzed.
Basic demographic data contained age, gender, place of
injury, cause and mechanism of injury, usage of blood
thinners, GCS score, and symptomatology after injury.
The type of injury and cutaneous impact location were
recorded according to the written description. Any addi-
tional injuries and patient outcomes were documented
and reported.

Data analysis

Descriptive statistical analysis was performed for all col-
lected variables. Categorical variables are presented as
absolute counts and percentages. Continuous variables
are presented as means (standard deviations - SD) or
medians (Interquartile range - IQR). The differences in
central tendencies of categorical variables were analyzed
using Chi-square tests and Fisher exact tests.
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Two logistic regression models were fitted for the
analysis, with the presence of intracranial injury as
the dependent variable and the presence of behavioral
change as the main independent variable. The first model
was adjusted for the covariates: sex and age. The second
model was adjusted for sex, age, and alcohol intoxica-
tion. Small sample sizes of several behavioral categories
were observed and the decision was then taken to col-
lapse specific variables of acute behavioral changes into
a binary variable (patients with and without acute behav-
ioral changes). Given the small proportion of missing
data (four cases related to alcohol intoxication as a cause
of injury), a complete case analysis approach was adopted
for the analysis, without applying any data imputation
techniques. Both models were evaluated through Akaike
Information Criterion (AIC) comparison and likelihood
ratio testing. The model quality was evaluated through a
pseudoR?2 test, and the model’s output was interpreted by
odds ratio, 95% confidence intervals, and p-values. Data
analysis was performed with Rstudio v.2024.09.0 + 375.

Results
The inclusion criteria initially identified 603 patients as
candidates for potential enrollment in the study. Follow-
ing a thorough review of the preliminary data, 17 patients
were excluded based on the exclusion criteria. A total of
586 patients were included in the final analysis (Fig. 1).
As the primary outcome, acute behavioral changes were
detected in 60 cases (10.2%), no changes were observed
among 526 patients (89.8%). Confusion was present in
48 cases (8.2%). Agitation, irritability, and severe rest-
lessness were documented among 5 patients (0.9%), ver-
bal aggression in 4 cases (0.7%), and physical aggression
in 3 cases (0.5%). In total, 35 patients (6.0%) were diag-
nosed with intracranial bleeding. Subdural hemorrhage
was the most prevalent finding (13 patients; 2.2%) fol-
lowed by subarachnoidal hemorrhage (11 patients; 1.9%).
Multiple types of intracranial hemorrhages occurred
among 8 patients (1.4%). Intraparenchymal hemorrhage
or brain contusion was present in 3 cases (0.5%). mTBI
was recorded as an isolated injury in 359 cases (61.8%).
Acute behavioral changes among the elderly population
with mild traumatic brain injury were associated with the
presence of intracranial injuries detected by CT scans
(p<0.05). Among secondary outcomes, the median age of
the study population was 79.00 years (IQR 73.00-85.00),
from whom 232 (39.6%) were male. Shapiro-Wilk and
Kolmogorov-Smirnov tests revealed a non-normal age
distribution within the study population. Most accidents
happened at home (241 patients; 41.4%) or outside (214
patients; 36.5%). The most frequent mechanism of injury
was ground-level fall or injury during ground-level fall
(468 patients; 79.9%). The cause of injury was mostly
attributed to mechanic reasons (342 patients; 58.4%),
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Patients 265 years old admitted to the
ED for mTBI (screened for enrollment
per inclusion criteria)

N =603
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17 patients excluded per exclusion

Included in the final analysis:

N= 586

Fig. 1 Flow diagram

followed by alcohol intoxication (89 patients; 15.2%)
(Tables 1 and 2).

On presentation at the emergency department, 499
patients (85.2%) had a GCS score of 15. The majority of
patients did not report any subjective symptoms after
injury (338 patients; 57.7%). The most prevalent signs
and symptoms after injury among the rest of patients
were amnesia (124 patients; 21.2%), followed by diffuse
headache (32 patients; 5.5%), and a combination of more
than 2 complaints (31 patients; 5.3%). Unequal pupils
were recorded in one case (0.2%). The usage of blood
thinners was recorded among 273 patients (46.6%). Anti-
platelet treatment was the most prevalent option (159
patients; 27.1%), followed by DOACs (83 patients; 14.2%)
and LMWH (17 patients; 2.9%). No visible signs of injury
were observed in 115 cases (19.6%), abrasion / wound not
requiring suture was recorded in 157 patients (26.8%),
haematoma in 139 patients (23.7%), and wound requiring
suture in 175 cases (29.9%). Cutaneous impact location
in a facial location was recorded in 89 cases (15.2%), in
a frontal location in 163 cases (27.8%) and in scalp loca-
tion in 219 cases (37.4%). No visible cutaneous impact
location was recorded among 115 patients (19.6%). The
most prevalent additional finding was peripheral wound
or contusion (98 patients; 16.7%), followed by compli-
cated facial bone fracture(s) (39 patients; 6.7%), upper
limb fractures (33 patients; 5.6%), lower limb fractures
(15 patients; 2.6%), and skull fractures (14 patients; 2.4%).
Outpatient treatment was the preferred management for
439 patients (74.9%), 142 patients (24.2%) were admit-
ted to the hospital for any reason. Additionally, neuro-
surgical treatment during hospital stay was required in
4 cases (0.7%), and one patient died in the emergency

criteria

department (0.2%), the cause of death was not the trau-
matic brain injury (Tables 1 and 2). The results of addi-
tional analyses are presented in Table 3.

Two logistic regression models were fitted for the
analysis, with the presence of intracranial injury as
the dependent variable and the presence of behavioral
change as the main independent variable. The first model
was adjusted for the covariates: sex and age. The second
model was adjusted for sex, age, and alcohol intoxication
(to isolate the effect of alcohol intoxication). Small sam-
ple sizes of several behavioral categories were observed
and the decision was then taken to collapse specific vari-
ables of acute behavioral changes into a binary variable
(patients with and without acute behavioral changes).
Alcohol intoxication was included in the second model,
recoded from five categories into a binary one, specifi-
cally focusing on whether alcohol intoxication was asso-
ciated with intracranial injuries, based on evidence in the
literature (Table 4).

In the model without alcohol intoxication, adjusted for
sex and age, patients with behavioral change upon admis-
sion have 6.98 times higher odds of having CT-confirmed
intracranial injury compared to those without (OR 6.98;
95% CI: 3.26-14.6; p<0.00). In the model with alco-
hol intoxication (other variables held constant) OR was
computed with a slightly lower variance (OR: 6.51; 95%
CIL:3.01-13.7; p<0.001), the effect has remained signifi-
cant. Intoxication with alcohol was not found to be sig-
nificantly correlated with the odds of having intracranial
injury in this model (OR: 1.88; 95% CI: 0.76—4.46; p=0.2)
(Table 5). Multiple testing was done to evaluate the qual-
ity of the models, the results of the analyses are in the
Table 5.
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Table 1 Summary of patient demographics and characteristics

(N=586)

Variable N %
Age (yrs)

Mean (SD) 789 78
65-72 146 249
72-79 156 266
79-85 156 206
>85 128 21.8
Gender

Male 232 39.6
Female 354 604
Place of Injury

Retirement Home / Senior Facility 70 1.9
Another Healthcare Facility 14 24
Home 241 411
Outside 214 36.5
Missing 47 8.0
Mechanisms of Injury

Ground-level fall or injury during ground-level fall 468 799
Found on the ground, mechanism not clear 44 7.5
Fall from a height (stairs etc.) 38 6.5
Traffic accident 19 17
Interpersonal violence 10 14
Missing 8 14
Cause of Injury

Mechanic 342 584
Transient loss of consciousness (TLOC) 70 1.9
Vertigo / seizures 35 6.0
Alcohol intoxication 89 15.2
Unclear 46 7.8
Missing 4 0.7
Usage of blood thinners

None 183 31.2
DOAC 83 14.2
Warfarin 11 19
Antiplatelet 159 27.1
LMWH 17 29
Antiplatelet + DOAC 2 03
Antiplatelet+LMWH 1 0.2
Missing 130 22.2
Emergency department management

Outpatient treatment 439 749
Admitted to hospital due to any reason 142 242
Neurosurgical treatment during hospital stay 4 0.7
Death in the emergency department 1 0.2
Discussion

This study aimed to explore the relationship between
acute behavioral changes among elderly patients with
mild TBI recorded during emergency department
management and the presence of intracranial injuries
detected by CT scans. The prevalence of intracranial
injuries in this cohort was consistent with similar stud-
ies (35 patients; 6.0%) [3, 11, 12, 21]. The high prevalence
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of subdural hemorrhages (2.2%) and subarachnoid hem-
orrhages (1.9%) is consistent with previous studies that
highlight these types of injuries as common findings
in elderly patients with mTBI [3, 11]. The prevalence of
combined intracranial injuries with two or more types of
intracranial bleeding (8 patients; 1.4%) is relatively high as
well. Combined injuries are sometimes not reported and
the “less severe” type of bleeding is collapsed into another
category, which is perceived as “more severe’, which can
alter the overall data [2]. Epidemiology and outcomes of
such combined injuries are therefore not assessed thor-
oughly. The results indicate that acute behavioral changes
are relatively rare, with 89.8% of patients showing no such
symptoms. Confusion was the most common behavioral
change, occurring in 8.2% of cases, followed by agitation,
verbal aggression, and physical aggression in fewer than
1% of patients. Acute behavioral changes were shown to
be significantly associated with the odds of intracranial
hemorrhage in both logistic regression models (adjusted
for sex, and age as confounding factors) (OR: 6.98; 95%
CI: 3.26-14.6; p <0.001; respectively with alcohol intoxi-
cation as an additional confounding factor: OR: 6.51; 95%
CI: 3.01-13.7; p<0.001).

Evaluation of elderly patients with mTBI is challeng-
ing due to their unique physiology and specific consider-
ations, including usage of medications, or the impact of
TBI itself. Several studies have suggested that GCS score
may differ in its interpretation when applied to elderly
population (over 65 years old) compared to younger
patients. This difference can limit its reliability in accu-
rately reflecting the severity of TBI, particularly during
the early stages of patient assessment [5-7]. Acute behav-
ioral changes may further complicate thorough assess-
ment of patients’ neurological status, level of cognitive
functions and overall their impairment of consciousness.
Even in the absence of more overt “classical” symptoms of
intracranial injuries, a thorough examination of patients’
psychological status and behavioral alterations may serve
as an important indicator in this population. Several the-
ories have been proposed to explain the development of
long-term psychiatric problems following mTBI, includ-
ing violent behavior or post-traumatic stress disorder,
including disruptions in neuromodulators’ intake [14,
16]. Their specific dynamics, onset of presentation and
their early association with intracranial injuries detected
by CT scans are unknown. In this context, confusion, agi-
tation, or aggression may not only reflect post-traumatic
disorientation but also indicate more severe intracranial
injuries requiring prompt intervention. Moreover, these
symptoms might reveal an increased psychiatric vulner-
ability in elderly patients, where underlying cognitive
decline or pre-existing mental health conditions could
exacerbate the behavioral impact of mTBI [14].



Sedlak et al. BMC Emergency Medicine

(2025) 25:50

Table 2 Summary of patient clinical findings (N=586)

Variable N %
GCS Score

13 10 1.7
14 77 13.1
15 499 85.2
Pupilary examination - new changes

Equal 585 99.8
Unequal 1 0.2
Clinical symptoms after injury

None 338 57.7
Loss of consciousness 19 32
Vomiting (=2 episodes) 3 0.5
Amnesia 124 21.2
New focal neurological deficit 9 1.5
Combination of =2 symptoms 31 53
Signs of skull fracture 4 0.7
Diffuse headache 32 55
Undocumented / unable to evaluate 26 44
New behavioral changes

None 526 89.8
Confusion 48 82
Agitation, irritability, severe restlessness 5 0.9
Verbal aggression 4 0.7
Physical aggression 3 0.5
Type of injury

No signs of injury 115 19.6
Abrasion / wound not requiring suture 157 268
Haematoma 139 23.7
Wound requiring suture 175 299
Cutaneous Impact Location

No visible CIL 115 19.6
Facial 89 15.2
Frontal 163 278
Scalp 219 374
Presence of Intracranial Injury

No 551 94.0
Yes 35 6.0
Injury Type Based on CT Findings

Normal 548 93.5
Subdural bleeding 13 2.2
Subarachnoideal bleeding 11 1.9
Intraparenchymal bleeding / contusion 3 0.5
Combination of > 2 type of bleeding 8 14
Other findings (tumor, stroke, chronic lesions, etc.) 3 0.5
Additional Injuries

None 359 61.3
Wound or contusion anywhere else 98 16.7
Complicated facila bone fracture(s) 39 6.7
Cervical vertebrae fracture 6 1.0
Lower limb fracture 15 26
Upper limb fracture 33 56
Pelvic fracture / thoracic or lumbal vertebral fracture 11 1.9
Rib fracture(s) 6 1.0
Skull fracture 14 24
Missing 09
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One notable aspect of this study is the relatively low
rate of intracranial hemorrhages compared to the over-
all number of patients undergoing CT scans, even among
patients using blood thinners. This supports the grow-
ing concern about the overuse of CT imaging in elderly
patients with mTBI, where nearly 90% of scans do not
reveal any significant intracranial pathology [3, 11, 12,
22]. Current most widely used clinical decision rules such
as the Canadian CT Head Rule (CCHR) and the New
Orleans Criteria have limited applicability in older adults
since age alone often necessitates a CT scan, without any
other factors [8, 13]. The gaps in knowledge regarding the
management of elderly patients further include the iden-
tification of screening tools in elderly patients with signif-
icant confounders, including criteria for brain imaging,
the role of biomarkers, or specific CT/MRI rules (or cri-
teria for patients presenting > 24 h. from injury) [23].

In addition to the primary outcomes, the secondary
outcomes highlight several risk factors that may con-
tribute to the increased vulnerability of elderly patients
to mTBI. Falls were the most common mechanism of
injury, which aligns with previous literature suggesting
that age-related frailty and balance issues resulting in
frequent falls are key contributors to mTBI in this popu-
lation [2, 4]. Cutaneous impact location was associated
with the presence of intracranial injuries, in particu-
lar among patients who had an injury in the scalp area
(54% of patients with intracranial injuries had an impact
in this location). This finding is consistent with several
studies documenting this association [22, 24]. The use
of blood thinners, particularly antiplatelet agents and
direct oral anticoagulants (DOACs), was also prevalent in
this cohort, but with no association with the presence of
intracranial injuries. Usage of blood thinners as a risk fac-
tor for intracranial injuries is a frequently debated ques-
tion with several studies focusing on this problem. The
results are often uncertain, with several studies showing
slightly higher risk among patients with dual antiplate-
let therapy or warfarin, in contrast with DOACs, which
seem to have better safety profiles [25-27].

Limitations

The study had several limitations. The retrospective
nature of this study posed numerous challenges. The reli-
ance on electronic health records for behavioral assess-
ments introduces potential bias, as these symptoms may
have been underreported or inconsistently documented.
While the sample size is significant, multiple categories
within collected variables made certain statistical analy-
ses less accurate. Increasing the number of observations
in future studies may alleviate this and plausibly provide
a more accurate representation of the effect size of the
exposure variables towards the outcome. Behavioral and
psychiatric symptoms, such as confusion, agitation, or
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Table 3 Factors associated with intracranial injuries

No Independent Variable Chi-square Fisher exact test

N X2 df p-value F p-value
1 Sex 585 2.181 1 0.14
2 Age (Quartile) 586 0.281 3 0.96
3 Place of Injury 586 4511 3 0.21 4904 0.157
4 Mechanisms of Injury 578 16.555 4 0.002 11.2 0.014
5 Cause of Injury 582 8.974 4 0.062 7437 0.093
6 Usage of blood thinners 456 4.787 6 0.571 5532 0.468
7 GCS Score 586 8.237 2 0.016 7.822 0.016
8 Pupilary examination - new changes 586 0.064 1 0.801 1
9 Clinical symptoms after injury 586 96.702 8 <0.001 57.197 <0.001
10 New behavioral changes 586 94.041 4 <0.001 43.69 <0.001
11 Type of injury 586 13.262 3 0.004
12 Cutaneous impact location 586 9453 3 0.024
13 Additional injuries 581 194.48 8 <0.001 74.06 <0.001

Table 4 Clinical findings stratified according to the presence of intracranial injury for the purpose of logistical regression models

(N=582)

Variable Overall (N;%) Intracranial injury p-value
No (N=547; %) Yes (N=35; %)

Sex 0.200

Male 352 (60%) 335(61%) 17 (49%)

Female 230 (40%) 212 (39%) 18 (51%)

Age (IQR) 79 (73, 85) 79 (73, 85) 79 (71, 85) >0.9

Place of Injury 0.141

Retirement Home / Senior Facility 70 (13%) 66 (13%) 4 (12%)

Another Healthcare Facility 14 (2.6%) 12 (2.4%) 2 (6.1%)

Home 240 (45%) 230 (46%) 10 (30%)

Outside 213 (40%) 196 (39%) 17 (52%)

Missing 45 43 2

Mechanisms of Injury 0014

Ground-level fall or injury during ground-level fall 465 (81%) 441 (82%) 24 (69%)

Found on the ground, mechanism not clear 43 (7.5%) 41 (7.6%) 2 (5.7%)

Fall from a height (stairs etc.) 38 (6.6%) 30 (5.6%) 8 (23%)

Traffic accident 19 (3.3%) 18 (3.3%) 1(2.9%)

Interpersonal violence 9 (1.6%) 9(1.7%) 0 (0%)

Missing 8 8.0 0.0

Cause of Injury 0.101

Mechanic 342 (59%) 325 (59%) 17 (49%)

Transient loss of consciousness (TLOC) 70 (12%) 65 (12%) 5(14%)

Vertigo / seizures 35 (6.0%) 34 (6.2%) 1(2.9%)

Alcohol intoxication 89 (15%) 78 (14%) 11 (31%)

Unclear 46 (7.9%) 45 (8.2%) 1(2.9%)

Missing 4 4 0

Usage of blood thinners 0.512

None 183 (40%) 165 (39%) 18 (55%)

DOAC 83 (18%) 78 (19%) 5(15%)

Warfarin 11 (2.4%) 11 (2.6%) 0 (0%)

Antiplatelet 157 (35%) 149 (35%) 8 (24%)

LMWH 17 (3.7%) 15 (3.6%) 2 (6.1%)

Antiplatelet + DOAC 2 (0.4%) 2 (0.5%) 0 (0%)

Antiplatelet+ LMWH 1(0.2%) 1(0.2%) 0 (0%)

Missing 128 126 2




Sedlak et al. BMC Emergency Medicine (2025) 25:50 Page 8 of 10

Table 4 (continued)

Variable Overall (N;%) Intracranial injury p-value
No (N=547; %) Yes (N=35; %)

GCS Score 0.023

13 10 (1.7%) 9 (1.6%) 1(2.9%)

14 77 (13%) 67 (12%) 10 (29%)

15 495 (85%) 471 (86%) 24 (69%)

Pupillary examination - new changes >0.900

Equal 581 (99.8%) 546 (99.8%) 35 (100%)

Unequal 1(0.2%) 1(0.2%) 0 (0%)

Clinical symptoms after injury <0.001

None 338 (58%) 330 (60%) 8(23%)

Loss of consciousness 17 (2.9%) 15 (2.7%) 2 (5.7%)

Vomiting (=2 episodes) 3(0.5%) 2 (0.4%) 1 (2.9%)

Amnesia 122 (21%) 7 (21%) 5(14%)

New focal neurological deficit 9 (1.5%) 5 (0.9%) 4 (11%)

Combination of >2 symptoms 31 (5.3%) 19 (3.5%) 12 (34%)

Signs of skull fracture 4(0.7%) 4(0.7%) 0 (0%)

Diffuse headache 32 (5.5%) 30 (5.5%) 2 (5.7%)

Undocumented / unable to evaluate 26 (4.5%) 25 (4.6%) 1(2.9%)

New behavioral changes <0.001

None 522 (90%) 501 (92%) 21 (60%)

Confusion 48 (8.2%) 42 (7.7%) 6 (17%)

Agitation, irritability, severe restlessness 5(0.9%) 1 (0.2%) 4 (11%)

Verbal aggression 4(0.7%) 1 (0.2%) 3 (8.6%)

Physical aggression 3(0.5%) 2 (0.4%) 1(2.9%)

Type of injury 0.011

No signs of injury 3(19%) 0 (20%) 3 (8.6%)

Abrasion / wound not requiring suture 157 (27%) 150 (27%) 7 (20%)

Haematoma 138 (24%) 121 (22%) 17 (49%)

Wound requiring suture 174 (30%) 166 (30%) 8 (23%)

Cutaneous Impact Location 0.027

No visible CIL 113 (19%) 110 (20%) 3(8.6%)

Facial 89 (15%) 88 (16%) 1(2.9%)

Frontal 162 (28%) 150 (27%) 12 (34%)

Scalp 218 (37%) 199 (36%) 19 (54%)

Additional Injuries <0.001

None 357 (62%) 345 (64%) 12 (34%)

Wound or contusion anywhere else 97 (17%) 92 (17%) 5 (14%)

Complicated facila bone fracture(s) 39 (6.7%) 37 (6.8%) 2 (5.7%)

Cervical vertebrae fracture 6 (1.0%) 5(0.9%) 1(2.9%)

Lower limb fracture 15 (2.6%) 15 (2.8%) 0 (0%)

Upper limb fracture 33 (5.7%) 32 (5.9%) 1 (2.9%)

Pelvic fracture / thoracic or lumbal vertebral fracture 1(1.9%) 0(1.8%) 1(2.9%)

Rib fracture(s) 6 (1.0%) 6 (1.1%) 0 (0%)

Skull fracture 14 (2.4%) 1(0.2%) 13 (37%)

Missing 4 4 0

aggression, are often subject to underreporting, particu-
larly in the elderly who may be unable to articulate their
symptoms effectively. Additionally, the presence of cog-
nitive impairments or pre-existing psychiatric disorders
may obscure the true nature of the behavioral changes
observed during ED visits, requiring more comprehen-
sive psychiatric assessments in future studies. The same

applies to potential confounding factors of acute behav-
ioral changes, which are often underreported or not rec-
ognized during the ED visit, such as chronic impairment
of cognitive functions, acute intoxications, or influence of
other medical and social factors. Future prospective stud-
ies with standardized behavioral assessments are neces-
sary to validate these findings and further clarify the role
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Table 5 Logistic regression models
Model 1: without alcohol intoxication Model 2: with alcohol intoxication
Characteristic OR 95% ClI p-value  Characteristic OR 95% ClI p-value
Sex Sex

Male Male

Female 1.51 0.73,3.09 03 Female 1.27 0.59,2.73 0.5
Age 0.98 0.94,1.03 0.5 Age 0.99 0.95,1.04 0.7
Acute behavioral changes Acute behavioral changes

No behavioral change No behavioral change

Behavioral Change Present 6.98 3.26,14.6 <0.001 Behavioral Change Present 6.51 3.01,13.7 <0.001

Mechanism of injury
Non-alcohol related
Alcohol intoxication 1.88 0.76,4.46 0.2

Pseudo R-squared for model 1: Pseudo R-squared for model 2:
Log-likelihood -119.665 Log-likelihood -118.717
Null Log-likelihood -132.315 Null Log-likelihood -132.315
G2 (Likelihood Ratio Test Statistic) 25.299 G2 (Likelihood Ratio Test Statistic) 27.195
McFadden's R-squared 0.096 McFadden's R-squared 0.103
ML R-squared 0.043 ML R-squared 0.045
Cox & Snell's R-squared 0.116 Cox & Snell's R-squared 0.125

of behavioral symptoms in predicting intracranial inju-
ries in geriatric patients with mTBI.

Generalisability

The findings of this study contribute important insights
into the relationship between acute behavioral changes
and intracranial injuries in elderly patients with mTBI
in the emergency department setting. While the study’s
sample size and specific population provide relevant
data, its generalisability may be limited to settings with
similar demographics, healthcare resources, and clinical
practices. The relatively low rate of intracranial hemor-
rhage observed, even among patients using blood thin-
ners, might not be directly applicable to populations with
different anticoagulant usage patterns or access to imag-
ing technology. Alcohol intoxication as a cause of injury
and a confounder of patients’ presentation is another
setting-specific factor, which may be limited to this
cohort. Additionally, the retrospective study design, rely-
ing on electronic health records, may limit the consistent
assessment of behavioral symptoms, possibly affecting
the transferability of results to contexts where behavioral
assessments follow standardized protocols.

Interpretation and conclusions

This study contributes to a deeper understanding of the
role that acute behavioral symptoms, such as confusion,
agitation, and aggression, play in the diagnostic process
of traumatic brain injury in the geriatric population. The
findings suggest that incorporating behavioral changes
into clinical indication protocols for CT scans could
lead to more effective and targeted use of CT imaging.
Beyond their diagnostic value for intracranial injuries,

these behavioral symptoms may also signal underlying
psychiatric vulnerabilities in elderly patients, which, if
unaddressed, could result in long-term psychiatric com-
plications such as post-traumatic stress disorder, aggres-
sion, or cognitive decline. Future prospective studies are
needed to validate these results and explore whether
refined diagnostic criteria including psychiatric assess-
ments, can optimize patient outcomes while minimizing
unnecessary radiation exposure and resource use.
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