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Abstract

Background: Evaluation of injury severity and prognosis in TBI must be fast, yet scoring systems have different purposes, predictors,
outcomes, validation populations, and clinical value.

Methods: This structured narrative review compiled knowledge about well-established and novel scoring systems assessing TBI severity
and prognosis. PubMed/MEDLINE, Scopus, Web of Science, and Embase databases were systematically searched from the publication of
major scoring systems up until December 2025, with further citation chasing. The comparison of the systems was performed by
population, clinical setting, outcome, predictive ability, reliability, validation, and limitations of each.

Results: GCS, Marshall, Rotterdam, RTS, TRISS, FOUR, and APACHE Il are still clinically useful; the Helsinki and Stockholm scoring systems
add to CT-based characterization of TBI. IMPACT and CRASH utilize both clinical and radiological variables for formal prognostication,
GOS-E is a functional outcome measure and BIG is useful for risk stratification of mild TBI pathways. Modern Al/ML models exhibit
promising discriminatory ability, yet calibration, validation, reproducibility and generalizability are their shortcomings.

Conclusion: No single tool applies to all scenarios; GCS and RTS facilitate initial assessment. While, CT-based scores add radiologic

information after neurologic examination. IMPACT/CRASH are more suited to prognostic evaluation.

Keywords: TBI, Trauma, Emergency Medicine, Scoring Systems.

Introduction

TBI is one of the major causes of death, neurologic
disabilities, and health care resource consumption. Data
on injury severity and prognosis are useful for triage,
treatment strategy development, transmission, resource
allocation, and research. GCS remains the most widely
used clinical measure of altered consciousness, whereas
CT scales provide a standardized description of
intracranial injuries'®.

Marshall's classification defined an early approach to
classifying diffuse and focal lesions on CT"®. Rotterdam
added new CT prognostic predictors such as TBI
subarachnoid or intraventricular bleeding and basal
cisterns conditions®°. Helsinki and Stockholm expanded

CT characterization and compared it with other
classification methods'®. Comparative analysis showed
that effectiveness depended on the endpoint and sample
characteristics, not on a single superior CT scale!!2,

Some other scoring systems serve specific purposes.
RTS and TRISS assess trauma patients and predict
survival, respectively; FOUR serves as an alternative to
the neuro exam when GCS cannot be assessed reliably;
and APACHE Il describes physiological status in the
ICU ¥ Multivariate scoring systems, including
IMPACT and CRASH, incorporate clinical and
radiological predictors to predict long-term prognosis.
Meanwhile, BIG provides a model for a few mild-TBI
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subgroups. More advanced Al-based approaches use CT
and clinical information 24, In conclusion, this review
presents a structured overview of TBI scoring systems.
This study focuses on performance comparisons,
population-specific validity, reliability, clinical context,
barriers to adoption, and future research directions.

2. Methods

2.1 Review Design

In the current review, a structured narrative review
approach was used to summarize the historical
background, use, validation, predictive accuracy,
reliability, and shortcomings of TBI scoring systems.
Given the differences among these scoring systems in
terms of their purposes, predicting factors, outcomes,

and target population, there was no reason to combine
statistical results.

2.2 Literature Search Strategy

Literature search was performed using
PubMe/MEDLINE, Scopus, Web of Science, and
Embase. Literature search period started from the time
when the most important CT-based classifications and
predictive models were created up until December 2025.
The keywords that were used during literature search
include: traumatic brain injury, head injury, scoring
system, prognostic model, outcome prediction,
Rotterdam, Helsinki, classification system, Glasgow
Coma Scale, Marshall, Stockholm, TRISS, RTS,
FOUR, APACHE II, IMPACT, CRASH, GOS-E, BIG,
machine learning, and artificial intelligence.

Structured Narrative Review Process

' A
1. Database search
L PubMed/MEDLINE ¢ Scopus * Web of Science * Embase )
s N
2. Relevance screening
L TBI scoring / prognostic systems and clinically meaningful outcomes )
s l N
3. Citation tracking
L Reference lists of key primary studies and relevant reviews )
e N
4. Structured synthesis
\Population + setting * outcome « performance « reliability « validation Iimitations)

Figure 1. Schematic review process for the structured narrative review.
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2.3 Review Process

The review process involved four steps: database
search, article relevance selection, citation tracing of
key articles, and synthesis of eligible data. Because this
manuscript is a structured narrative review, not a
systematic review, it reports no PRISMA selection
numbers.

2.4 Eligibility Criteria

Articles were deemed relevant if they assessed any
clinical, imaging, physiological, trauma, multimodal, or
computational scoring or prognostic model in patients
with TBI and provided relevant clinical outcomes such
as mortality, neurological prognosis, functional
outcome, imaging worsening, ICU admission, and need
for neurosurgical procedure. Validation, comparative,
cohort, prospective, and prognostic studies were
included. Excluded were case series, editorial articles,
or those that did not provide relevant clinical outcomes.
Studies involving pediatric or special populations were
included only if they provided information on
population-specific validity.

2.5 Data Extraction and Comparative Framework
The following characteristics of each scoring model was
taken into consideration: (1) patient population; (2)
predictor variables; (3) clinical setting; (4) primary
endpoint; (5) discrimination or diagnostic accuracy if
available; (6) calibration/validation; (7) interobserver
reliability; and (8) practical constraints. Scoring systems
can be classified as bedside assessments, CT
classifications, trauma scores, ICU scores, multimodal
prediction models, clinical outcomes, or new
computational models.

2.6 Reporting of Predictive Performance

Predictive performance measures are presented based
on results from each individual validation study, not by
pooling results from inherently different models. Values
for AUC/c-statistics should therefore be understood
within the context of the particular study population and
outcome of interest. The reason is that discrimination
and calibration may differ depending on case mix, age,
TBI severity, time period, and healthcare setting.

3. Established TBI Scoring Systems

3.1 Glasgow Coma Scale (GCS)

The GCS assesses eye opening, verbal response, and
motor response and is still the gold standard in the first
neurological examination!. The main strengths of the
GCS include speed, experience, minimal resource

consumption, and wide usage worldwide. The test is
especially helpful in prehospital and emergency care.
GCS does not evaluate the structure of the brain directly
and is hard to interpret in cases of patients being
intubated, sedated, under intoxication, with aphasia, or
generally unable to answer verbally. Variability
between observers is an important issue too, especially
when not all components of the test are fully recorded.
GCS must therefore be considered a basic clinical test,
not a prognostic one.

3.2 Marshall CT Classification

The Marshall Classification is an established,
standardized CT-based classification of TBI®. It
assesses the basal cisterns, midline shift, diffuse injury
patterns, and mass lesions. Marshall Classification
remains well known in clinical practice and is valuable
for facilitating communication and providing the first
level of anatomical stratification. The key drawbacks of
Marshall Classification are its categorical nature and
exclusion of certain features, such as traumatic
subarachnoid and intraventricular hemorrhage 2.

3.3 Rotterdam CT Score

The Rotterdam CT score was introduced as an
enhancement to prognostic stratification through the
inclusion of basal cistern state, midline shift,
subarachnoid/ventricular hemorrhage, trauma, and mass
lesion features such as epidural ®2628, |t has been
extensively studied in relation to the prediction of both
death and poor outcomes. In a 2023 retrospective study
of five CT scoring models, a large area under the ROC
curve estimate was seen for in-hospital mortality, but
there were no statistical differences between the scoring
systems . The major drawbacks include dependency on
the use of CT scans, exclusion of important clinical
parameters like age and GCS, and population variance.

3.4 Helsinki and Stockholm CT Scores

The Helsinki and Stockholm systems were developed to
capture additional radiological characteristics that may
improve prognostic discrimination beyond Marshall and
Rotterdam °. A comparative study of 171 blunt TBI
patients reported a kappa of 0.657 between Helsinki and
Stockholm classifications and found Rotterdam to have
the highest sensitivity for death (90.1%). In contrast,
Helsinki had the highest sensitivity for six-month
outcome (89.8%) 2. These findings illustrate that
apparent differences between scores depend on the
selected endpoint. More recent comparative evidence
should therefore be interpreted as complementary rather
than as evidence that one system is universally superior.
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3.5 Trauma and Injury Severity Score (TRISS)
TRISS uses the Revised Trauma Score, Injury Severity
Score, age, and mechanism of injury to predict survival
13, This system has been very instrumental in trauma-
system comparisons and outcomes. However, it was
designed to work on general trauma patients, not just
TBI patients. The accuracy of this tool is likely affected
by patients' pediatric age, injury type, the evolving
nature of trauma patients, and the availability of needed
anatomical and physiological data 2-34,

3.6 FOUR Score

FOUR score measures the eye, motor, brainstem
reflexes, and breathing responses 4. In intubated
patients, the FOUR score is particularly useful because
it does not require a verbal response. Research on the
application of the FOUR score in TBI and neurocritical
care populations suggests that the prognosis it provides
is similar to that of the GCS 353,

3.7 APACHE 11
APACHE I includes physiological, age, and chronic
health status factors and is widely used in intensive care

Table 1. Comparative Analysis of Major TBI Scoring Systems

units 441, For TBI patients, APACHE Il measures
physiological load, which a specific brain-function
score may not capture. The drawback of APACHE Il is
that it is not specifically designed for TBI; thus, its
predictive value may be impacted by extracranial illness
or ICU admission criteria.

3.8 Revised Trauma Score (RTS)

RTS consists of GCS, systolic BP, and RR and was
devised for rapid trauma triage “>*. The test is useful in
both prehospital and emergency departments because it
does not require a CT scan. However, the primary
drawback of RTS in TBI is that it gives priority to
mortality or physiological triage and not neurological or
functional recovery.

4. Comparative Analysis of Major TBI Scoring
Systems

This section is showed in Table. 1.

System

Main components

Primary outcomes

GCS Clinical Eye, verbal, motor Severity;
mortality/outcome
association

Marshall CT classification | Cisterns, midline shift, Mortality/unfavorable

diffuse injury, mass lesion outcome

Rotterdam CT score Cisterns, shift, SAH/IVH, Mortality/outcome

mass lesion

Helsinki CT score Detailed hemorrhage and Functional

injury characteristics outcome/mortality

Stockholm CT score Expanded CT biomarkers Functional
outcome/mortality

RTS Physiological GCS, SBP, RR Mortality/triage

trauma score

TRISS Combined RTS, ISS, age, mechanism Survival

trauma model

FOUR Neurological Eye, motor, brainstem, Mortality/neurological

score respiration outcome

APACHE ICU severity Physiology, age, chronic ICU mortality

1l score health

IMPACT Multimodal Age, motor GCS, pupils £ 6-month

prognostic CT/lab mortality/unfavorable
model outcome

CRASH Multimodal Age, GCS, pupils + CT Mortality/disability

prognostic
model

BIG Risk GCS, CT, neuro exam, Radiological

stratification anticoagulation/antiplatelets | deterioration/neurosurgery

Al/ML Computational | Clinical + CT * other data Mortality/function

models

Typical setting
Prehospital/ED/ICU
ED/ICU
ED/ICU
ICU/research
ICU/research
Prehospital/ED
Trauma systems
ICU
ICU
Research/ICU
Research/clinical
counseling
Mild TBI/ED

Research/advanced
centers

Principal limitations
Interobserver variability;
affected by intubation/sedation;
no CT information
Categorical; omits some
hemorrhage variables
Requires CT; no clinical
variables
More complex; validation less
extensive than Rotterdam
Interpretation complexity;
variable external validation
Not TBI-specific; limited long-
term outcome prediction
Requires multiple variables;
general trauma model
Training required

Not TBI-specific

Complex; calibration varies

Calibration varies across
populations

Primarily mild TBI; low
specificity for ruling-in
intervention

External validation,
interpretability, reproducibility
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5. Comparative Predictive Performance

The reported performance cannot be taken as an overall
ranking, as the predictive models have different
endpoints and are being assessed on different
populations. The numbers presented below are for

Table 2. Comparative Predictive Performance

Model/system Example reported performance

Rotterdam CT AUROC point estimates >0.90 in one 996-
patient cohort

Helsinki CT Sensitivity 89.8% in one comparative cohort

Rotterdam CT Sensitivity 90.1% in one comparative cohort

IMPACT c-statistics approximately 0.81-0.86 in
contemporary TRACK-TBI validation

CRASH c-statistics approximately 0.88-0.92 in

contemporary TRACK-TBI validation

AUC 0.846 internal and 0.859 external
validation in CENTER-TBI/CINTER-TBI
study

BIG Pooled sensitivity 1.00 for neurosurgical
intervention; 0.98 for radiological
deterioration

Al multimodal model

6. Emerging Prognostic Models and Advanced
Approaches

6.1 IMPACT Models

The IMPACT models have been created in order to
predict both mortality and unfavorable outcomes in
patients with moderate to severe TBI. The Core model
includes age, motor GCS, and pupillary reactivity. The
Extended and Lab models include additional CT and
laboratory predictors. The IMPACT models have been
validated and are especially valuable in case of risk-
adjustment, outcome prediction, and comparative
analysis 8.

According to a recent TRACK-TBI validation in 2024,
discrimination of the IMPACT model was satisfactory,
as the c-statistics for mortality were approximately
equal to 0.84, while those for unfavorable outcomes
were equal to 0.83. Mortality in IMPACT was
overestimated, and there were some differences based
on the patient's age and TBI severity, which is why
recalibration is necessary in the current population.
Thus, IMPACT can be considered a formal prognostic
model.

6.2 CRASH Models

Outcome/population
In-hospital mortality

6-month outcome

6-month

TBI prognosis

Mild TBI

illustration purposes only and come from individual
validation studies or comparisons; they do not serve as
a means for direct comparison. The AUC/c-statistic is
specific to the endpoint and population, while sensitivity
and specificity are specific to the threshold and outcome
used.

Interpretation
Strong discrimination in that cohort; not
universally generalizable
Useful for longer-term outcome assessment in
the studied population

Death Strong short-term mortality sensitivity in that

cohort
Good discrimination, but mortality was

mortality/unfavorable overpredicted

outcome

6-month Good discrimination, with calibration
mortality/unfavorable limitations

outcome

Promising external validation but not yet
routine clinical standard

High sensitivity for ruling out adverse events
but low specificity

The CRASH models were derived from the
Corticosteroid Randomization After Significant Head
Injury Trial and estimate the risk of mortality and poor
outcomes using clinical parameters, including CT
models that incorporate imaging data. The combination
of IMPACT and CRASH models highlights the value of
combining demographic, neurological, pupillary, and
imaging features rather than using a single bedside or
CT model &1, Additionally, CRASH models showed
good discrimination in a recent TRACK-TBI dataset,
but calibration varied across outcome groups and patient
subgroups 8. A different validation in 2024 found that
CRASH models also had good discrimination for
different adverse outcome and mortality endpoints °.
Thus, the CRASH models can be applied to predict
outcomes quantitatively.

6.3 Combined Multimodal
IMPACT and CRASH

IMPACT and CRASH should be considered
complementary multimodal prognostic models rather
than bedside scores. Both estimate mortality and
neurologic outcomes by combining demographic and
neurologic information, and sometimes imaging
information too. The main role of these scoring systems
is to calculate risk for adjustment, research, and

Prognostic Models:
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counseling reasons. Recent work showed that model
transportation affects calibration; therefore,
local/population-specific calibration is needed before
clinical implementation 819,

6.4 Glasgow Outcome Scale-Extended (GOS-E)

The GOS-E is an eight-point scale that indicates
functional outcome, ranging from death to good
recovery. This scale does not predict the initial severity
of the condition. Rather, it is an outcome measure tool
that helps assess the level of recovery following TBI.
GOS-E has been widely used in current TBI studies, and
the 2024 Australian TBI Initiative included GOS-E
among its core outcome measures for moderate-to-
severe TBI 52,

6.5 Brain Injury Guidelines (BIG) Score

The Brain Injury Guidelines (BIG) system was devised
to categorize selected patients with mild TBI and help
guide decisions about observation, repeat imaging,
intensive care unit admission, and neurosurgery
consultation. A systematic review and meta-analysis of
13 trials involving 9,032 patients conducted in 2024
showed a pooled sensitivity of 1.00 for neurosurgical
intervention and 0.98 for radiological deterioration in
BIG, but specificity remained poor. This suggests that
BIG may help identify patients who do not need
intervention, but its utility in selecting patients who do
seems limited 2. Therefore, it should be used within an
institutional clinical pathway rather than on its own.

6.6 Artificial Intelligence and Machine-Learning
Models

Al-driven models are increasingly incorporating clinical
and imaging data, along with other high-dimensional
datasets. The 2024 model, which used both clinical data
and CT imaging and underwent external validation via
CENTER-TBI and CINTER-TBI, achieved an AUC of
0.846 in development and 0.859 in external validation,
surpassing the performance of other models that used
clinical and conventional CT scoring 22. A 2025
systematic review of 39 Al-based predictive studies,
including 592,323 patients with moderate to severe TBI,
uncovered serious limitations in methodology,
robustness, and reproducibility, with few studies
performing independent external validation .

In 2025, a combination of a CT quantitative edema
grading scale and machine learning achieved a test-set
AUC of 0.944 in 216 patients. Given that this is a
retrospective single-study development/validation, this
result should be viewed as encouraging but preliminary
and should be validated externally 2*. Al is therefore a
vital research area; however, technical discrimination is
not enough for clinical implementation. Calibration,
explainability, dataset shift, fairness, workflow
integration, and external multicenter validation are
necessary.

7. Special Populations

7.1 Pediatric TBI

Prognostic models derived from adults cannot be
applied directly to children because physiological
differences, injury mechanisms, developmental status,
and outcomes differ. For this reason, age-specific
outcome measures and validation groups are required.
The 2024 AUS-TBI guidelines include age-specific
outcome measures such as GOS-E Peds 2.

7.2 Older Adults

Aging affects both the inherent risk of an event and the
model's ability to fit. Recent work shows that model
performance depends on patient age of 65 years or
more!®. Hence, age-based validation and recalibration
are required. Other factors that influence anticoagulant
or antiplatelet therapy, such as comorbidity and pre-
injury function, may also play a role.

7.3 Penetrating TBI

Penetrating brain injuries are different from blunt brain
injuries and might not be properly reflected in scores
that were developed based on data from patients
sustaining blunt injuries. TRISS may have limitations
given the specific injury mechanism, whereas CT-based
scores do not account for the injury's path.

7.4 Intubated or Sedated Patients

When the verbal GCS cannot be scored reliably, the
FOUR Score serves as an alternative method for
assessing neurological function based on brainstem
reflexes and respiration. This becomes particularly
applicable in ICU settings.

8. Interobserver Reliability and Reproducibility
Reliability in TBI score assessment remains poorly
studied. CT categories rely on identifying features such
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as cistern compression, midline shift, hemorrhage, and
mass effect. Agreement among the Helsinki, Rotterdam,
and Stockholm scores was 0.657 between Helsinki and
Stockholm, 0.594 between Rotterdam and Stockholm,
and 0.407 between Helsinki and Rotterdam for outcome
classification 2.

Improvement can be achieved through standards,
structured CT reports, education, centralization of
evaluations, and decision support systems. These issues
are crucial for telemedicine and developing nations. In
particular, this applies when there is remote
interpretation of images and specialists are inaccessible.
Consequently, future research should consider the
evaluation of reliability along with discrimination and
calibration.

9. Clinical Implementation Barriers

9.1 CT Auvailability

CT-dependent scores cannot be calculated when
imaging is unavailable or substantially delayed. GCS
and RTS therefore remain important for early triage in
resource-limited environments.

9.2 Electronic Health Record Integration

Automated calculations may lower the risk of arithmetic
errors. Including e-health records may allow clinical
factors, CT scan reports, and laboratory values to be
used in prognostic models without manual re-entry.

9.3 Clinician Training and Adoption

A perfectly validated risk score may still hold little
practical value if physicians fail to comprehend its target
population, endpoint, and limitations. The training must
impress upon physicians that the risk score is supposed
to complement rather than replace their clinical
judgment.

9.4 Cost-Effectiveness and Resource Allocation

The score's use should consider whether its application
produces enough change in clinical practice to be
worthwhile. Although BIG might affect resource
utilization in some mild TBI treatment pathways, a more
complicated multimodal model may suit research
purposes now.

10. Future Research Priorities

Future research needs to focus on: (1) prospective
multicenter external validation; (2) calibration updates
for modern patient cohorts; (3) validation in children,
elderly patients, and penetrating TBI; (4) clear
interobserver agreement reports; (5) combination with
guantitative imaging and biomarkers along with

conventional clinical risk factors; (6) transparent Al
algorithms with reproducible validation process; and (7)
prospective assessment of the clinical value, workflow
implications, and cost-effectiveness of Al systems.
Regarding the latter, the 2025 systematic review
emphasizes the need for better methodology,
robustness, and reproducibility 2,

11. Conclusion

TBI scoring systems have progressed from simple
bedside scoring to complex CT-based classification and
multimodal prediction tools. Based on the findings
discussed in this paper, no scoring system is clearly the
best choice for all scenarios. GCS and RTS remain
relevant and useful tools for quick evaluation before CT
is available. Marshall, Rotterdam, Helsinki, and
Stockholm are effective complementary classification
methods based on anatomical risk stratification after
CT. The Glasgow Coma Scale is especially helpful
when verbal testing is impossible. APACHE Il provides
valuable information about the systemic physiology of
TBI patients in the ICU setting.

IMPACT and CRASH reliably predict mortality and
unfavorable long-term outcomes, although recent
validation shows calibration can differ by patient age,
injury severity, and treatment setting’®. GOS-E should
be considered a standard outcome measure rather than a
severity scale. BIG appears to be useful for selected
pathways of mild TBI patients but works better for
excluding adverse outcomes than predicting the need for
medical interventions 2. Artificial intelligence models
show great promise, especially models using both
clinical data and CT images, although they still require
further external validation, reproducibility, calibration,
and prospective clinical-utility studies 222,

Therefore, the best way forward for emergency
physicians is a complementary use of the scores in
accordance with their intended purpose: initial scoring
in the absence of any imaging, stratifying the patients on
the basis of computed tomography in the presence of
imaging, and the use of multimodal models for
calculating long-term prognosis. Future research must
aim towards external validation, clinical interpretability,
and integration of models with the accessibility of
current scoring systems.

Acknowledgment

The author would like to thank the “Clinical Research
Development Unit” of Bagiyatallah Hospital for their
kind cooperation.

Trauma Monthly 2026;31(5): 2152-2160 | 2158



Anbarloui et al

Conflict of Interest Disclosures

All authors were involved in manuscript preparation,
review, and editing. The authors declare no financial or
non-financial conflicts of interest.

Funding Sources
None.

Authors’ Contributions

All authors read and approved the final manuscript. All
authors take responsibility for the integrity of the data
and the accuracy of the data analysis.

Ethical Statement

This study was approved by the Ethics Committee of
Bagiyatallah University of Medical Sciences and the
issuance of the Code of Ethics (IR.BMSU.BAQ.
RE.1403.046).

Declaration of Generative Al and Al-assisted
technologies

None.

Data Availability

No new primary data were generated or analyzed. The
review is based on previously published literature and
cited sources.

References

1. Teasdale GM, Maas AIR, Lecky FE, Manley GT, Stocchetti N,
Murray GD. The Glasgow Coma Scale at 40 years: standing the
test of time. Lancet Neurol. 2014; 13:844-854.

2. Elkbuli A, Shaikh S, McKenney K, Shanahan H, McKenney M.
Utility of the Marshall & Rotterdam Classification Scores in
Predicting Outcomes in Trauma Patients. ] Surg Res. 2021;
264:194-198.

3. Huang YH, Deng YH, Lee TC, Chen WF. Rotterdam computed
tomography score as a prognosticator in head-injured patients
undergoing decompressive craniectomy. Neurosurgery. 2012;
71:80-85.

4. Niazadeh MH, Anbarloui MR, Esalmian M, Rasouli HR,
Ahmadpour F. Investigating the effect of buprenorphine on pain in
the acute phase of patients with mild traumatic brain injury: a
double-blind clinical trial. Neurological Research. 2026 Oct 8:1-
23.

5. Zeynodini Meimand H, Anbarloui MR, Eslamian M, Rasouli HR,
Ahmadpour F. Evaluation of betaxolol in improving the glasgow
outcome scale extended (GOSE) of the acute phase of patients with
mild to moderate Traumatic Brain Injury: a double blinded

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

randomized clinical trial. Neurological Research. 2025 Oct 25:1-
4,

Rasouli HR, Mohammadian Salim M, Talebi S, Eslamian M,
Ahmadpour F. The efficacy of buprenorphine on moderate
traumatic brain injury in the rat model. Neurological Research.
2023 Nov 2;45(11):1055-62.

Marshall LF, Marshall SB, Klauber MR, et al. A new classification
of head injury based on computerized tomography. ] Neurosurg.
1991,75: S14-520.

Marshall LF, Marshall SB, Klauber MR, et al. The diagnosis of head
injury requires a classification based on computed axial
tomography. ] Neurotrauma. 1992;9(Suppl 1): $287-5292.

Singh AK, Hegde KV, Reddy UV, et al. Rotterdam computed
tomography score to predict outcome in traumatic brain injury
patients. Indian J Neurotrauma. 2016; 13:66-69.

Thelin EP, Nelson DW, Vehvilainen J, et al. Evaluation of novel
computerized tomography scoring systems in human traumatic
brain injury: an observational, multicenter study. PLoS Med.
2017;14:e1002368.

Khormali M, Soleimanipour S, Baigi V, et al. Comparing predictive
utility of head computed tomography scan-based scoring systems
for traumatic brain injury: a retrospective study. Brain Sci. 2023;
13:1145.

Comparison of the predictive value of the Helsinki, Rotterdam, and
Stockholm CT scores in predicting 6-month outcomes in patients
with blunt traumatic brain injuries. 2023.

Boyd CR, Tolson MA, Copes WS. Evaluating trauma care: the
TRISS method. Trauma Score and the Injury Severity Score. ]
Trauma. 1987; 27:370-378.

Wijdicks EFM, Bamlet WR, Maramattom BV, Manno EM,
McClelland RL. Validation of a new coma scale: The FOUR score.
Ann Neurol. 2005; 58:585-593.

Wagner DP, Draper EA. Acute physiology and chronic health
evaluation (APACHE I1) and Medicare reimbursement. Health Care
Financ Rev. 1984; Suppl:91-105.

McMillan T, Wilson L, Ponsford J, Levin H, Teasdale G, Bond M.
The Glasgow Outcome Scale—40 vyears of application and
refinement. Nat Rev Neurol. 2016; 12:477-485.

Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE II: a
severity of disease classification system. Crit Care Med. 1985;
13:818-829.

Yue JK, Lee YM, Sun X, et al. Performance of the IMPACT and
CRASH prognostic models for traumatic brain injury in a

contemporary multicenter cohort: a TRACK-TBI study. )
Neurosurg. 2024; 141:417-429. doi:10.3171/2023.11.
JNS231425.

An T, Dong Z, Li X, et al. Comparative analysis of CRASH and
IMPACT in predicting the outcome of 340 patients with traumatic
brain injury. Trans| Neurosci. 2024;15.

Ponsford JL, Hicks AJ, Bagg MK, et al. The Australian Traumatic
Brain Injury Initiative: review and recommendations for outcome
measures for use with adults and children after moderate-to-severe
traumatic brain injury. Neurotrauma Rep.  2024.
doi:10.1089/neur.2023.0127.

Diagnostic utility of Brain Injury Guidelines (BIG): systematic
review and meta-analysis for prediction of neurosurgical

2159 | Trauma Monthly 2026;31(5): 2152-2160



Traumatic Brain Injury Scoring Systems in Emergency Medicine

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

intervention in traumatic brain injury. Brain Inj. 2024; 38:1093-
1100. doi:10.1080/02699052.2024.2375593.

Hibi A, et al. Development of a multimodal machine learning-
based prognostication model for traumatic brain injury using
clinical data and computed tomography scans: a CENTER-TBI and
CINTER-TBI study. Neurotrauma Rep. 2024.

Malhotra AK, Shakil H, Smith CW, et al. Predicting outcomes after
moderate and severe traumatic brain injury using artificial
intelligence: a systematic review. NPJ Digit Med. 2025; 8:373.
doi:10.1038/s41746-025-01714-y.

LvY, Luo Z, Jin X, Lu Z, Han P. A novel CT-based edema grading
system combined with machine learning for precise prognostic
prediction in traumatic brain injury. Eur ] Med Res. 2025; 30:1094.
doi:10.1186/s40001-025-03441-2.

Chun KA, Manley GT, Stiver SI, et al. Interobserver variability in
the assessment of CT imaging features of traumatic brain injury. J
Neurotrauma. 2010; 27:325-330.

Huang YH, Deng YH, Lee TC, Chen WF. Rotterdam computed
tomography score as a prognosticator in head-injured patients
undergoing decompressive craniectomy. Neurosurgery. 2012;
71:80-85.

Talari H, Fakharian E, Mousavi NS, et al. The Rotterdam scoring
system can be used as an independent factor for predicting
traumatic brain injury outcomes. World Neurosurg. 2016; 87:195-
199.

Goswami B, Nanda V, Kataria S, Kataria D. Prediction of in-
hospital mortality in patients with traumatic brain injury using the
Rotterdam and Marshall CT scores: a retrospective study from
Western India. Cureus. 2023;15: e41548.

Singh JR, Gupta G, Garg R, Gupta A. Evaluation of trauma and
prediction of outcome using TRISS method. ] Emerg Trauma
Shock. 2011; 4:446-449.

Indurkar SK, Ghormade PS, Akhade SP, Sarma B. Use of the
Trauma and Injury Severity Score (TRISS) as a predictor of patient
outcome in cases of trauma presenting in the trauma and
emergency department of a tertiary care institute. Cureus.
2023;15.

Schluter PJ. Trauma and Injury Severity Score (TRISS): is it time for
variable re-categorisations and re-characterisations? Injury. 2011;
42:83-89.

Demetriades D, Chan LS, Velmahos G, et al. TRISS methodology
in trauma: the need for alternatives. Br J Surg. 1998; 85:379-384.

Moon JH, Seo BR, Jang JW, et al. Evaluation of probability of
survival using Trauma and Injury Severity Score method in severe
neurotrauma patients. ) Korean Neurosurg Soc. 2013; 54:42-46.

Jeong TS, Choi DH, Kim WK. The relationship between trauma
scoring systems and outcomes in patients with severe traumatic
brain injury. Korean ] Neurotrauma. 2022; 18:169-177.

Sadaka F, Patel D, Lakshmanan R. The FOUR Score predicts
outcome in patients after traumatic brain injury. Neurocrit Care.
2012; 16:95-101.

Nyam TTE, Ao KH, Hung SYM, et al. FOUR Score predicts early
outcome in patients after traumatic brain injury. Neurocrit Care.
2017; 26:225-231.

Anestis DM, Tsitsopoulos PP, Tsonidis CA, Foroglou N. The
current significance of the FOUR score: a systematic review and
critical analysis of the literature. ] Neurol Sci. 2020; 409:116600.

Gorji MAH, Hoseini SH, Gholipur A, Mohammadpur RA. A
comparison of the diagnostic power of the FOUR scale and the

39.

40.

41.

42.

43.

44,

Glasgow Coma Scale in discharge outcome prediction of patients
with TBI admitted to ICU. Saudi ) Anaesth. 2014; 8:193-197.

Almojuela A, Hasen M, Zeiler FA. The Full Outline of
UnResponsiveness (FOUR) Score and its use in outcome
prediction: a scoping systematic review of the adult literature.
Neurocrit Care. 2018; 29:1-14.

Nejmi H, Rebahi H, Ejlaidi A, et al. The ability of two scoring
systems to predict in-hospital mortality of patients with moderate
and severe traumatic brain injuries in a Moroccan intensive care
unit. Indian J Crit Care Med. 2014; 18:369-375.

Raj R, Siironen ), Kivisaari RP, Hernesniemi ], Skrifvars MB.
Predicting outcome after traumatic brain injury: development of
prognostic scores based on the IMPACT and the APACHE IlI. )
Neurotrauma. 2014; 31:1721-1732.

Champion HR, Sacco W), Copes WS, et al. A revision of the
Trauma Score. J Trauma. 1989; 29:623-629.

Gilpin D, Nelson PG. Revised trauma score: a triage tool in the
accident and emergency department. Injury. 1991; 22:35-37.

Gabbe BJ, Cameron PA, Finch CF. Is the Revised Trauma Score
still useful? ANZ J Surg. 2003; 73:661-666.

Trauma Monthly 2026;31(5): 2152-2160 | 2160



