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Traumatic brain injury associated
intracranial hemorrhage in the
emergency department:

Systematic review

Mazi Mohammed Alanazi'*, Wejdan Rubayyi S Alsaiari?,
Naser AlRashdan?

ABSTRACT

Background: A frequent reason for emergency department (ED) visits is mild
traumatic brain injury (mTBI). A traumatic intracranial hemorrhage (ICH) will
occur in a small percentage of these individuals, and even fewer may experience
serious consequences. To improve current ED recommendations, this systematic
study was conducted to describe known and novel risk factors that affect the risk
of ICH in patients with mTBI. Method: This systematic review was conducted in

accordance with the PRISMA guidelines. The terms "risk factor,” "mild traumatic
brain injury,” and "traumatic intracranial hemorrhage" were used to search the
Web of Science, MEDLINE, Scopus, and EMBASE databases. The search was
limited to articles released between 2018 and 2024. Research involving general
ED populations with head trauma is included, as is research on adult patients
(218 years) with mTBI, which is defined as GCS 13-15; patients presenting with
suspected or confirmed ICH following head trauma. Result and conclusion:
Variations in ICH risk factors, the involvement of drugs, and changing
epidemiology continue to complicate the diagnosis and treatment of mTBI
patients. The biggest predictors of ICH are post-traumatic amnesia, skull
fractures, older age, and GCS <15. The most reliable diagnostic method is the CT
scan; biomarkers and machine learning approaches may potentially reduce

unnecessary scans.

Keywords: Traumatic brain injury, intracranial hemorrhage, emergency

department

1. INTRODUCTION

Accidental falls, car crashes, sports-related incidents, and violent crimes are the
most frequent causes of traumatic brain injury (TBI), which is defined as an
injury brought on by direct trauma or an acceleration-deceleration impact to the

brain (Santiago et al., 2012). With more than 60 million cases annually, it is one of
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the primary causes of ED visits and a major contributor to morbidity and death worldwide (Maas et al., 2022).

Mild traumatic brain injury (mTBI), which is defined as individuals who report with an initial Glasgow Coma Scale (GCS) of 13-15,
accounts for an estimated 70-90% of TBI (Maas et al., 2022; Steyerberg et al., 2019). Roughly 10% of these individuals will get a
traumatic intracranial hemorrhage (tICH), according to earlier research (Fabbri et al., 2010; Smits et al., 2007). It has been demonstrated
that the existence of a tICH increases the probability of a worsening that necessitates neurosurgical intervention and can lead to other
problems, including traumatic cerebral vasospasm (Peng et al., 2024; Tourigny et al., 2021). Although there are a number of mTBI
recommendations and management techniques, there is a great deal of heterogeneity in the risk variables that are taken into
consideration by each guideline (Undén et al., 2013). Additionally, there have been documented problems with the overuse of
computed tomography (CT) through the application of current guidelines, which increases the risk of needless radiation exposure to
patients, lengthens ED wait times, raises healthcare costs, and burdens the environment with carbon dioxide emissions (Furlan et al.,
2023; Saran et al., 2024). Additionally, since some of these guidelines were first put into effect, the prevalence of certain risk factors has
changed, such as the introduction of direct oral anticoagulants (DOACs), and demographic trends have changed, such as the rise in the
number of elderly patients with mTBI (Roozenbeek et al., 2013; Ruff et al., 2014).

To determine the current state of evidence regarding risk factors for ICH in mTBI patients in the emergency department, this

systematic review and meta-analysis aimed to evaluate data from previously published research.

2. METHOD

The Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) criteria were followed in conducting this

systematic review (Figure 1). Variants of "mild traumatic brain injury," "risk factor,” and "traumatic intracranial hemorrhage" were used
to search MEDLINE, Scopus, EMBASE, and Web of Science. Only papers published between 2018 and 2024 were included in the search.
We include studies on adult patients (=18 years) with mTBI (defined as GCS 13-15); Patients presenting with suspected or confirmed
intracranial hemorrhage (ICH) following head trauma; Studies including general emergency department (ED) populations with head
trauma. We exclude studies focusing solely on moderate-to-severe traumatic brain injury (TBI) (GCS <13) or pediatric populations (<18
years).

Two writers independently examined all complete texts, abstracts, and titles. All full-text publications were examined by two
impartial assessors to find pertinent information for the systematic review. A senior member of the review team was consulted to help
develop an agreement in cases where the assessors' results disagreed. Data was extracted in a pre-designed Google sheet, information
extracted includes (study aim, study design, main findings, outcome, and population characteristics)

The quality assessment of the included studies was performed using the Newcastle-Ottawa Scale (NOS) quality assessment tool
(Table 1). Five studies show high-quality scores (Galliazzo et al., 2019; Haddadi et al., 2022; Isokuortti et al., 2018, 2022; Niklasson et al.,
2024). It shows a strong selection method, controlled for confounding factors, and used well-defined outcome measures. Moderate-
quality studies (Bonney et al.,, 2020; Hosseininejad et al., 2023) had limitations in selection and comparability, particularly in

confounding control and follow-up.

Table 1: Quality assessment of the included studies according to the Newcastle-Ottawa Scale (NOS)

. Selection Comparability Outcome Total Score .
D 1
Study Study Design 0-4) 0-2) ©0-3) 0-9) Quality
Ret ti
Bonney et al., (2020) etrospective 3 1 2 6/9 Moderate
observational
Galliazzo etal, (2019) | “ewrospective 4 2 2 8/9 High
cohort
Haddadi etal, (2022) | | rospective 4 2 3 9/9 High
cohort
Hosseininejad et al., .
(2023) Cross-sectional 3 1 2 6/9 Moderate
Isokuortti etal, (2022) | | osPective 3 2 2 7/9 High
case-control
Niklasson etal., (2024) | “ewrospective 4 2 3 9/9 High
cohort
Tsokuortti etal, (2018) | “cirospective 4 2 2 8/9 High
cohort
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Fig 1: PRISMA consort chart of studies selection

3. RESULTS

In this systematic review study, we included 7 articles (Fig. 1). The reviewed studies discussed risk factors, diagnostic tools, and

management strategies for mTBI, in relation to intracranial hemorrhage (ICH) and predictive biomarkers. Bonney et al., (2020) tested

Medical Science 29, e87ms3593 (2025) 3 0of 10



REVIEW | OPEN ACCESS

the incidence of ICH in patients with mTBI at a Level I trauma center; 8.5% of patients had positive CT findings, mainly subdural
hematomas and subarachnoid hemorrhages. Older age and male sex were significantly associated with a higher likelihood of
intracranial bleeding. According to Isokuortti et al., (2018), 16.1% of mTBI patients complain of intracranial abnormalities, risk factors
include, older age, male sex, alcohol abuse, and preexisting brain lesions.

Multiple studies examined the impact of medications on ICH risk. According to Niklasson et al., (2024), patients on antiplatelet
therapy had a significantly higher risk of traumatic ICH than patients on oral anticoagulation. Their study suggested that antiplatelet
therapy should be given equal or greater consideration in clinical guidelines. Antithrombotic therapy and serotonergic antide pressants
did not increase the risk of ICH according to Galliazzo et al., (2019) and Isokuortti et al., (2022) studies. GCS less than 15, post-traumatic
amnesia, vomiting, and skull fractures were associated with ICH (Isokuortti et al., 2022).

Biomarker studies offer a valuable alternative diagnostic tool to reduce the need for CT scans. Aldolase C (ALDOC) serum levels
correlated strongly with CT findings in mTBI cases, with a cutoff of 6.95 ng/mL providing 100% sensitivity and 98% specificity for
diagnosing brain abnormalities (Haddadi et al., 2022). C-reactive protein (CRP) and D-dimer levels were effective prognostic markers,
with D-dimer showing a 100% sensitivity and 98.5% specificity for detecting pathological lesions (Hosseininejad et al., 2023). The main

findings and outcomes of the included studies are presented in Tables 2 and 3.

Table 2: Main Findings of the included studies

Study Demographic Investigations o
Study . L. Main Findings
Duration Characteristics Used
ALDOC serum levels were
89 patients with significantly higher in patients
. Blood samples for ; . o
Haddadi et al., mTBI (GCS 13-15), with positive CT findings. A
2018-2019 ALDOC levels,
(2022) age range ] cutoff of 6.95 ng/mL had 100%
o Brain CT scan L .
unspecified sensitivity and 98% specificity
for detecting brain abnormalities.
CRP >11.50 had 75% sensitivity
and 95.5% specificity; D-dimer
. 74 patients with CRP and D-dimer | >0.90 had 100% sensitivity and
Hosseininejad et . e .
L (2023) 2018-2019 mTBI, mean age blood tests, Brain | 98.5% specificity for detecting
al.,
36.92 years CT scan pathological lesions on CT.
These markers may help reduce
unnecessary CT scans.
Head CT scan,
. . Medical history No significant association
. 218 patients with o )
Isokuortti et al., . from Finnish between serotonergic
2015-2016 mTBI, median age ] ) )
(2022) 70 national antidepressant use and traumatic
r
years prescription ICH after mTBI.
registry
Patients on antiplatelet therapy
. . Head CT scan, had a higher risk of traumatic
4,850 patients with L
. Medication ICH than those on
Niklasson et al., 2017 & 2020- | head trauma, o ) ]
) records, Logistic anticoagulation therapy.
(2024) 2021 median age 70 ; . )
regression Antiplatelets should be given
years . . o
analysis more consideration in head
trauma guidelines.
. . Head CT scan, 16.1% of mTBI cases had
. 3,023 patients with . . .
Isokuortti et al., Alcohol use intracranial lesions. Older age,
2010-2012 head trauma,
(2018) o ) assessment, male sex, alcohol abuse, and falls
majority with mTBI , . . s .
Medical history were associated with higher risk.
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Preexisting brain lesions

increased risk for acute lesions.

1,846 patients with

Brain CT scan,

No significant difference in
intracranial bleeding risk

between patients on and off

(2020)

mTBI (GCS 13-15)

data analysis

Galliazzo et al., Medical history, ) ] .
2015-2017 mTBI, mean age 71 . . antithrombotics. Key predictors
(2019) Antithrombotic o
years L of bleeding included GCS <15,
medication use ] N
amnesia, vomiting, and skull
fractures.
8.5% had positive CT findings
(subdural hematomas,
. ) Brain CT scan, subarachnoid hemorrhages).
Bonney et al,, 5,634 patients with .
2010-2011 Trauma registry Older age and male sex were

associated with higher risk.
Clinical decision rules for CT use

remain difficult to implement.

Table 3: Outcomes of the included studies

mTBIL mean age

. . Population
Study Study Design Aim . Outcome
Characteristics
ALDOC levels were
To evaluate Aldolase significantly higher in
C (ALDOC) as a patients with positive CT
Haddadi et al., Prospective biomarker for early 89 patients with findings. A cutoff of 6.95
(2022) cohort study detection of brain mTBI (GCS 13-15) | ng/mL had 100% sensitivity
damage in mTBI and 98% specificity for
patients detecting brain
abnormalities.
CRP >11.50 had 75%
sensitivity and 95.5%
specificity; D-dimer >0.90
To assess CRP and D- ) ) L
L. . . 74 patients with had 100% sensitivity and
Hosseininejad et | Cross- dimer as prognostic

98.5% specificity for

Isokuortti et al.,

case-control

patients on

mTBI median age

al., (2023) sectional study | markers in mTBI . .
) 36.92 years detecting pathological

patients .
lesions on CT. These markers
may help reduce
unnecessary CT scans.

To investigate the risk o o

i i No significant association
) of traumatic ICH in ) . )
Prospective 218 patients with | between serotonergic

antidepressant use and

antiplatelet vs.

years

(2022) serotonergic . . . .
study . 70 years increased risk of intracranial
antidepressants after
hemorrhage.

mTBI

To compare the risk 4,850 patients Patients on antiplatelet
Niklasson et al., Retrospective | of traumatic ICH in with head trauma, | therapy had a higher risk of
(2024) cohort study patients on median age 70 intracranial hemorrhage than

those on anticoagulation.

Medical Science 29, e87ms3593 (2025)

5 0f 10



REVIEW | OPEN ACCESS

anticoagulation Antiplatelets should be given
therapy more consideration in head
trauma guidelines.
16.1% had intracranial
To characterize the lesions. Older age, male sex,
X . type and location of ) alcohol abuse, and falls were
Isokuortti et al., Retrospective . ) 3,023 patients ) ] . )
intracranial . associated with a higher risk.
(2018) cohort study L with mTBI o ) ’
abnormalities in Preexisting brain lesions
mTBI increased risk for acute
lesions.
No significant difference in
. intracranial bleeding risk
To assess the risk of ]
. . . . between patients on and off
. . intracranial bleeding 1,846 patients . .
Galliazzo et al., Retrospective . . . antithrombotics. Key
in mTBI patients on with mTBI, mean . .
(2019) cohort study . . predictors of bleeding
antithrombotic age 71 years . .
included GCS <15, amnesia,
therapy .
vomiting, and skull
fractures.
8.5% had positive CT
To evaluate the Lo
o findings (subdural
incidence of .
) ] hematomas, subarachnoid
. intracranial )
Retrospective . 5,634 patients hemorrhages). Older age and
Bonney et al., . hemorrhage in mTBI . )
observational ) ) with mTBI (GCS male sex were associated
(2020) patients and discuss . . . o
study o 13-15) with a higher risk. Clinical
the use of clinical o
. decision rules for CT use
decision rules for CT o
remain difficult to
use .
implement.

4. DISCUSSION

mTBI is a significant clinical challenge in determining the risk of ICH and the use of diagnostic tools. The reviewed studies examined
diagnostic approaches, risk factors, and clinical decision-making in mTBI patients. Regarding important predictors that increase the
risk of ICH in patients with mTBI. Yang et al., (2024) systematic review found that skull base fractures (OR 11.71), GCS <15 (OR 4.69),
loss of consciousness (OR 2.57), and post-traumatic amnesia (OR 2.13) were the strongest predictors of ICH. These findings are
supported by Smits et al., (2007), who developed the CHIP prediction rule, demonstrated that age, post-traumatic seizure, vomiting,
and anticoagulant use significantly increase the risk of ICH. Stiell et al. (2001) examined the Canadian CT Head Rule and found that
age >65, skull fractures, vomiting, and high-risk mechanisms of injury were major contributors to ICH risk.

Some of the included studies discussed the effect of antithrombotic medications on ICH risk. Patients on antiplatelets have a higher
risk of ICH than those on anticoagulants, challenging current clinical guidelines that primarily focus on anticoagulation risks
(Niklasson et al., 2024). Galliazzo et al., (2019) reported no significant increase in ICH risk associated with anticoagulant or antiplatelet
therapy. Fiorelli et al., (2020), a systematic review and meta-analysis, revealed that patients on antiplatelet therapy have a 1.51 times
greater risk of ICH compared to those who don’t use blood thinners.

CT scans is the gold standard to diagnose ICH in mTBI patients. However, there is a developing interest in alternative diagnostic
methods to reduce unnecessary use of CT scans. Aldolase C (ALDOC) levels were highly sensitive (100%) and specific (98%) for
detecting brain abnormalities, which are considered a potential biomarker for mTBI assessment (Haddadi et al., 2022). C-reactive
protein (CRP) and D-dimer were found to be effective prognostic markers, with D-dimer showing 100% sensitivity and 98.5%
specificity (Hosseininejad et al., 2023). These biomarkers will help clinicians reduce unnecessary radiation exposure by limiting CT use
to high-risk patients. Additionally, decision rules and machine-learning models were employed to improve risk stratification. Turcato
et al., (2022) used a decision tree analysis to categorized mTBI patients on oral anticoagulants, found that GCS <15, post-traumatic
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amnesia, and trauma above the clavicles were key predictors of ICH. The CHIP prediction rule (Smits et al., 2007) show 94-96%
sensitivity for detecting ICH and could reduce unnecessary CT scans by 23-30%. The epidemiology of mTBI changed over time, falls
replaced road accidents as the leading cause of head injuries, mainly among the elderly. mTBI incidence is rising in older populations,
likely due to an increase in fall-related injuries (Lefevre-Dognin et al., 2021). This shift is important, making older adults are at higher
risk for ICH, mainly when they use antithrombotic medications.

Recent guidelines for mTBI management, have been widely adopted but have limitations (Stiell et al.,, 2001; Undén et al., 2013).
Yang et al., (2024) show that existing guidelines overuse CT scans, leading to unnecessary radiation exposure and healthcare costs.
Many guidelines fail to adequately address antiplatelet therapy as a bleeding risk adequately (Fiorelli et al., 2020). It's necessary to
incorporate biomarker-based risk assessment, decision tree models, and targeted risk stratification for antithrombotic therapy to

enhance the accuracy of mTBI diagnosis while minimizing unnecessary CT use.

5. CONCLUSIONS

The diagnosis and management of mTBI patients still complex due to variations in ICH risk factors, the role of medications, and
evolving epidemiology. Older age, GCS <15, skull fractures, and post-traumatic amnesia are among the strongest predictors of ICH.
The CT scan is the most accurate diagnostic technique; biomarkers and machine learning techniques may also help reduce unnecessary
scans. It is necessary to revise clinical recommendations to incorporate these results by adding alternative diagnostic methods and a
specific risk assessment for antiplatelet medication. To improve clinical decision-making in the management of mTBI, future research

should focus on biomarker-based screening and validation of prediction models.

List of abbreviations

mTBI, Mild Traumatic Brain Injury

TBI, Traumatic Brain Injury

ICH, Traumatic Intracranial Hemorrhage

GCS, Glasgow Coma Scale

CT, Computed Tomography

ED, Emergency Department

PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses
NOS, Newcastle-Ottawa Scale

DOAC S, Direct Oral Anticoagulants

CRP, C-Reactive Protein

ALDOC, Aldolase C

CCHR, Canadian CT Head Rule

CHIP, CT in Head Injury Patients Prediction Rule
OAT, Oral Anticoagulant Therapy

CART, Classification and Regression Tree

MRI, Magnetic Resonance Imaging

Informed consent

Not applicable.

Ethical approval
Not applicable.

Funding
This study has not received any external funding.

Conflict of interest

The authors declare that there is no conflict of interest.

Medical Science 29, e87ms3593 (2025) 7 of 10



REVIEW | OPEN ACCESS

Data and materials availability

All data sets collected during this study are available upon reasonable request from the corresponding author.

REFERENCES

1.

Bonney PA, Briggs A, Briggs RG, Jarvis CA, Attenello F,
Giannotta SL. Rate of Intracranial Hemorrhage After Minor
Head Injury. Cureus. 2020;12(9):e10653. doi: 10.7759/cureus.
10653.

Fabbri A, Servadei F, Marchesini G, Stein SC, Vandelli A.
Predicting Intracranial Lesions by Antiplatelet Agents in
Subjects with Mild Head Injury. ] Neurol Neurosurg
Psychiatry. 2010;81(11):1275-79. doi: 10.1136/jnnp.2009.197467.
Fiorelli EM, Bozzano V, Bonzi M, Rossi SV, Colombo G,
Radici G, Canini T, Kurihara H, Casazza G, Solbiati M,
Costantino G. Incremental Risk of Intracranial Hemorrhage
After Mild Traumatic Brain Injury in Patients on Antiplatelet
Therapy: Systematic Review and Meta-Analysis. ] Emerg
Med. 2020;59(6):843-55. doi: 10.1016/j.jemermed.2020.07.036.
Furlan L, Di Francesco P, Tobaldini E, Solbiati M, Colombo G,
Casazza G, Costantino G, Montano N. The Environmental
Cost of Unwarranted Variation in the Use of Magnetic
Resonance Imaging and Computed Tomography Scans. Eur |
Intern Med. 2023;111:47-53. doi: 10.1016/j.€jim.2023.01.016.
Galliazzo S, Bianchi MD, Virano A, Trucchi A, Donadini MP,
Dentali F, Bertu L, Grandi AM, Ageno WA. Intracranial
Bleeding Risk after Minor Traumatic Brain Injury in Patients
on Antithrombotic Drugs. Thromb Res. 2019;174:113-20. doi:
10.1016/j.thromres.2018.12.015.

Haddadi K, Moradi S, Asadian L, Montazer SH,
Hosseininejad SM, Golikhatir I, Abedian Kenari S, Alaee A,
Bozorgi F. Aldolase C Profiling in Serum after Mild Traumatic
Brain Injury: A Prospective Cohort Study. Iran J Med Sci.
2022;47(1):33-39. doi: 10.30476/ijms.2021.87692.1831.
Hosseininejad SM, Bozorgi F, Jahanian F, Amiri MM,
Mohammadpour RA, Hajiaghaei G. C-Reactive Protein and
D-Dimer as Prognostic Markers for Clinical Outcomes in
Patients with Mild Traumatic Brain Injury: A Cross-Sectional
Study. Bull Emerg Trauma. 2023;11(3):119-24. doi:
10.30476/BEAT.2023.98573.1435.

Isokuortti H, Iverson GL, Posti JP, Berghem K, Kotilainen AK,
Luoto TM. Risk for Intracranial Hemorrhage in Individuals
after Mild Traumatic Brain Injury Who Are Taking
Serotonergic Antidepressants. Front Neurol. 2022;13:952188.
doi: 10.3389/fneur.2022.952188.

Isokuortti H, Iverson GL, Silverberg ND, Kataja A, Brander A,
Ohman J, Luoto TM. Characterizing the Type and Location of
Intracranial Abnormalities in Mild Traumatic Brain Injury. J
Neurosurg. 2018;129(6):1588-97. doi: 10.3171/2017.7.JNS17615.

Medical Science 29, e87ms3593 (2025)

10. Lefevre-Dognin C, Cogné M, Perdrieau V, Granger A, Heslot

11

12.

13.

14.

C, Azouvi P. Definition and Epidemiology of Mild Traumatic
Brain Injury. Neurochirurgie. 2021;67(3):218-21. doi: 10.1016/
j-neuchi.2020.02.002.

. Maas AIR, Menon DK, Manley GT, Abrams M, Akerlund C,

Andelic N, Aries M, Bashford T, Bell MJ, Bodien YG, Brett BL,
Biiki A, Chesnut RM, Citerio G, Clark D, Clasby B, Cooper D],
Czeiter E, Czosnyka M, Dams-O’Connor K, De Keyser V,
Diaz-Arrastia R, Ercole A, van Essen TA, Falvey E, Ferguson
AR, Figaji A, Fitzgerald M, Foreman B, Gantner D, Gao G,
Giacino ], Gravesteijn B, Guiza F, Gupta D, Gurnell M,
Haagsma JA, Hammond FM, Hawryluk G, Hutchinson P, van
der Jagt M, Jain S, Jain S, Jiang JY, Kent H, Kolias A,
Kompanje EJO, Lecky F, Lingsma HF, Maegele M, Majdan M,
Markowitz A, McCrea M, Meyfroidt G, Mikoli¢ A, Mondello
S, Mukherjee P, Nelson D, Nelson LD, Newcombe V,
Okonkwo D, Oresi¢ M, Peul W, Pisica D, Polinder S, Ponsford
J, Puybasset L, Raj R, Robba C, Ree C, Rosand ], Schueler P,
Sharp DJ, Smielewski P, Stein MB, von Steinbiichel N, Stewart
W, Steyerberg EW, Stocchetti N, Temkin N, Tenovuo O,
Theadom A, Thomas I, Torres Espin A, Turgeon AF,
Unterberg A, Van Praag D, van Veen E, Verheyden ], Vande
Vyvere T, Wang KKW, Wiegers EJA, Williams WH, Wilson L,
Wisniewski SR, Younsi A, Yue JK, Yuh EL, Zeiler FA,
Zeldovich M, Zemek R. Traumatic Brain Injury: Progress and
Challenges in Prevention, Clinical Care, and Research. Lancet
Neurol. 2022;21(11):1004-60. doi: 10.1016/S1474-4422(22)0030
9-X.

Niklasson E, Svensson E, André L, Areskoug C, Forberg JL,
Vedin T. Higher Risk of Traumatic Intracranial Hemorrhage
with  Antiplatelet Oral
Anticoagulation—a Single-Center Experience. Eur ] Trauma
Emerg Surg. 2024;50(4):1237-48. doi: 10.1007/s00068-024-
02493-z.

Peng J, Luo T, Li X, Li B, Cheng Y, Huang Q, Su J. Imaging
Predictors of Hemorrhagic Progression of a Contusion after

Therapy Compared to

Traumatic Brain Injury: A Systematic Review and Meta-
Analysis. Sci Rep. 2024;14(1):5961. doi: 10.1038/s41598-024-
56232-w.

Roozenbeek B, Maas AIR, Menon DK. Changing Patterns in
the Epidemiology of Traumatic Brain Injury. Nat Rev Neurol.
2013;9(4):231-36. doi: 10.1038/nrneurol.2013.22.

.Ruff CT, Giugliano RP, Braunwald E, Hoffman EB,

Deenadayalu N, Ezekowitz MD, Camm A], Weitz JI, Lewis

8 of 10



REVIEW | OPEN ACCESS

16.

17.

18.

19.

BS, Parkhomenko A, Yamashita T, Antman EM. Comparison
of the Efficacy and Safety of New Oral Anticoagulants with
Warfarin in Patients with Atrial Fibrillation: A Meta-Analysis
of Randomised Trials. Lancet. 2014;383(9921):955-62. doi:
10.1016/50140-6736(13)62343-0.

Santiago LA, Oh BC, Dash PK, Holcomb ]JB, Wade CE. A
Clinical Comparison of Penetrating and Blunt Traumatic
Brain  Injuries.  Brain 2012;26(2):107-25.  doi:
10.3109/02699052.2011.635363.

Saran M, Arab-Zozani M, Behzadifar M, Gholami M, Azari S,
NL, Behzadifar
Tomography for Mild Head Injury: A Systematic Review and
Meta-Analysis. PLoS One. 2024;19(1):e0293558.  doi:
10.1371/journal.pone.0293558.

Smits M, Dippel DW], Steyerberg EW, de Haan GG, Dekker
HM, Vos PE, Kool DR, Nederkoorn PJ, Hofman PAM,
HLJ, Hunink MGM. Predicting
Intracranial Traumatic Findings on Computed Tomography in
Patients with Minor Head Injury: The CHIP Prediction Rule.
Ann Intern Med. 2007;146(6):397-405. doi: 10.7326/0003-4819-
146-6-200703200-00004.

Steyerberg EW, Wiegers E, Sewalt C, Buki A, Citerio G, De
Keyser V, Ercole A, Kunzmann K, Lanyon L, Lecky F,
Lingsma H, Manley G, Nelson D, Peul W, Stocchetti N, von
Steinbtichel N, Vande Vyvere T, Verheyden ], Wilson L, Maas
AIR, Menon DK, Ackerlund C, Amrein K, Andelic N,
Andreassen L, Anke A, Antoni A, Audibert G, Auslands K,
Azouvi P, Azzolini ML, Badenes R, Bartels R, Barzo P,
Beauvais R, Beer R, Bellander BM, Belli A, Benali H, Berardino
M, Beretta L, Blaabjerg M, Bragge P, Brazinova A, Brinck V,
Brooker J, Brorsson C, Buki A, Bullinger M, Cabeleira M,
Caccioppola A, Calappi E, Calvi MR, Cameron P, Carbayo
Lozano G, Carbonara M, Castafio-Leén AM, Chevallard G,
Chieregato A, Cnossen M, Coburn M, Coles ], Cooper JD,
Correia M, Covid A, Curry N, Czeiter E, Czosnyka M, Dahyot-
Fizelier C, Dawes H, Degos V, Della Corte F, den Boogert H,
Depreitere B, Dijkland S, Pilvesi D, Dixit A, Donoghue E,
Dreier J, Duliere GL, Ercole A, Esser P, Ezer E, Fabricius M,
Feigin VL, Foks K, Frisvold S, Furmanov A, Gagliardo P,
Galanaud D, Gantner D, Gao G, George P, Ghuysen A, Giga
L, Glocker B, Golubovi¢ ], Gomez PA, Gratz ], Gravesteijn B,
Grossi F, Gruen RL, Gupta D, Haagsma JA, Haitsma I, Helbok
R, Helseth E, Horton L, Huijben ], Hutchinson PJ, Jacobs B,
Jankowski S, Jarrett M, Jiang JY, Jones K, Karan M, Kolias AG,
Kompanje E, Kondziella D, Koraropoulos E, Koskinen LO,

In;.

Bragazzi M. Overuse of Computed

Twijnstra A, Tanghe

Kovacs N, Lagares A, Lanyon L, Laureys S, Lefering R,
Legrand V, Lejeune A, Levi L, Lightfoot R, Lozano A, Maegele
M, Majdan M, Manara A, Maréchal H, Martino C, Mattern J,

Medical Science 29, e87ms3593 (2025)

20.

21.

22.

McMahon C, Melegh B, Menovsky T, Mulazzi D,
Muraleedharan V, Murray L, Nair N, Negru A, Newcombe V,
Nieboer D, Noithomme Q, Nyiradi J, Oddo M, Oresic M,
Ortolano F, Otesile O, Palotie A, Parizel PM, Payen JF, Perera
N, Perlbarg V, Persona P, Piippo-Karjalainen A, Pili Floury S,
Pirinen M, Ples H, Polinder S, Pomposo I, Posti JP, Puybasset
L, Radoi A, Ragauskas A, Raj R, Rambadagalla M, Real R,
Rhodes J, Richardson S, Richter S, Ripatti S, Rocka S, Roe C,
Roise O, Rosand J, Rosenfeld JV, Rosenlund C, Rosenthal G,
Rossaint R, Rossi S, Rueckert D, Rusnak M, Sahuquillo J,
Sakowitz O, Sanchez-Porras R, Sandor J, Schafer N, Schmidt S,
Schoechl H, Schoonman G, Schou RF, Schwendenwein E,
P, Sorinola A, Stamatakis E,
Stanworth S, Stevanovic A, Stevens R, Stewart W, Sundstrom
N, Synnot A, Takala R, Tamas V, Tamosuitis T, Taylor MS, Te
Ao B, Tenovuo O, Theadom A, Thomas M, Tibboel D,
Timmers M, Tolias C, Trapani T, Tudora CM, Vajkoczy P,
Valeinis E, Vallance S, Vamos Z, van der Naalt J, Van der
Steen G, van Dijck JTJM, van Essen TA, Van Hecke W, van
Heugten C, Van Praag D, van Wijk RP], Vande Vyvere T,
Vanhaudenhuyse A, Vargiolu A, Vega E, Velt K, Verheyden J,
Vespa PM, Vik A, Vilcinis R, Volovici V, Voormolen D,
Vulekovic P, Wang KKW, Williams G, Wilson L, Winzeck S,
Wolf S, Yang Z, Ylén P, Younsi A, Zeiler FA, Zelinkova V,
Ziverte A, Zoerle T. Case-Mix, Care Pathways, and Outcomes
in Patients with Traumatic Brain Injury in CENTER-TBI: A
European Prospective, Multicentre, Longitudinal, Cohort
Study. Lancet Neurol. 2019;18(10):923-34. doi: 10.1016/51474-
4422(19)30232-7.

Stiell IG, Wells GA, Vandemheen K, Clement C, Lesiuk H,
Laupacis A, McKnight RD, Verbeek R, Brison R, Cass D,
Eisenhauer MA, Greenberg GH, Worthington J. The Canadian
CT Head Rule for Patients with Minor Head Injury. Lancet.
2001;357(9266):1391-96. doi: 10.1016/S0140-6736(00)04561-X.
Tourigny JN, Paquet V, Fortier E, Malo C, Mercier E, Chauny
JM, Clark G, Blanchard PG, Boucher V, Carmichael PH,
Gariépy JL, Emond M. Predictors of Neurosurgical

Skandsen T, Smielewski

Intervention in Complicated Mild Traumatic Brain Injury
A Retrospective Cohort Study. Brain
2021;35(10):1267-74. doi: 10.1080/02699052.2021.1972147.
Turcato G, Cipriano A, Park N, Zaboli A, Ricci G, Riccardi A,
Barbieri G, Gianpaoli S, Guiddo G, Santini M, Pfeifer N,
Bonora A, Paolillo C, Lerza R, Ghiadoni L. Decision Tree
the Risk
Haemorrhage after Mild Traumatic Brain Injury in Patients on
Oral Anticoagulant Therapy. BMC Emerg Med. 2022;22(1):47.
doi: 10.1186/s12873-022-00610-y.

Patients: Inj.

Analysis for Assessing of Post-Traumatic

9 of 10



REVIEW | OPEN ACCESS

23. Undén J, Ingebrigtsen T, Romner B. Scandinavian Guidelines
for Initial Management of Minimal, Mild, and Moderate Head
Injuries in Adults: An Evidence and Consensus-Based
Update. BMC Med. 2013;11(1):50. doi: 10.1186/1741-7015-11-
50.

24. Yang L], Lassarén P, Londi F, Palazzo L, Fletcher-Sandersjoo
A, Angeby K, Thelin EP, Wahlin RR. Risk Factors for
Traumatic Intracranial Hemorrhage in Mild Traumatic Brain
Injury Patients at the Emergency Department: A Systematic
Review and Meta-Analysis. Scand ] Trauma Resusc Emerg
Med. 2024;32(1):91. doi: 10.1186/513049-024-01262-6.

Medical Science 29, e87ms3593 (2025) 10 of 10



