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ABSTRACT

Aims: This study aimed to identify the admission clinical variables independently 
associated with in-hospital mortality among patients with head trauma.

Methods: This prospective, multicentre, observational study was conducted at four 
emergency departments in Central Java, Indonesia. Patients presenting with head 
trauma were consecutively enrolled, while those aged younger than 15 years, dead 
on arrival, transferred before an in-hospital outcome could be ascertained, or with 
incomplete admission records were excluded. The primary endpoint was in-hospital 
mortality. Six admission variables age, Glasgow Coma Scale score, injury severity 
score, intracranial haemorrhage on computed tomography, hypotension, Glasgow 
Coma scale (GCS) and pupillary status were simultaneously entered into a multivariable 
logistic regression model.

Results: A total of 657 patients (mean age, 42.9±16.2 years; 69.1% male) were included 
in the analysis, of whom 112 (17.0%) died during hospitalisation. Four admission 
variables were independently associated with in-hospital mortality: older age [adjusted 
odds ratio (OR) 1.04 per year, 95% confidence interval (CI) 1.02-1.06; p<0.001], 
lower GCS score (adjusted OR 0.62 per point, 95% CI 0.55-0.70; p<0.001), higher 
injury severity score (adjusted OR 1.08 per point, 95% CI 1.05-1.11; p<0.001), and 
abnormal pupillary status (adjusted OR 3.86, 95% CI 1.82-8.19; p<0.001). Intracranial 
haemorrhage and hypotension were not independently associated with mortality after 
adjustment. The combined model demonstrated excellent discrimination, with an area 
under the receiver-operating-characteristic curve of 0.91 (95% CI 0.88-0.94).

Conclusions: This study demonstrated that older age, a lower GCS score, a higher 
injury severity score, and abnormal pupillary reactivity at emergency-department 
admission were independently associated with in-hospital mortality after head trauma.
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Introduction 
Traumatic brain injury remains one of the leading causes 

of death and long-term disability worldwide, imposing a 
disproportionate burden on young, economically productive 
individuals and on health systems in low- and middle-income 
countries, where road-traffic collisions and falls are common 
mechanisms of injury (1-4). Despite advances in neurocritical 
care, a substantial proportion of patients with head trauma 
die during their hospital stay, and the emergency department 
(ED) is the setting in which the earliest and most consequential 
decisions triage, resuscitation priority, neurosurgical referral, 
and family counselling must be made, often before advanced 
investigations are available (5-7). Reliable identification, at 
the moment of admission, of patients at high risk of death is 
therefore central to rational resource allocation and to realistic 
prognostic communication.

Clinicians have long relied on individual markers of severity 
to gauge outcome after head trauma. The Glasgow Coma 
Scale (GCS) quantifies the depth of impaired consciousness; 
the injury severity score (ISS) summarises overall anatomical 
injury burden; and findings such as intracranial haemorrhage 
on computed tomography, systemic hypotension, and abnormal 
pupillary reactivity are each recognised indicators of a poor 
prognosis (8-18). Established prognostic instruments, notably 
the CRASH and IMPACT models, have integrated several of 
these variables to estimate outcome after traumatic brain injury 
(19,20). These tools have advanced the field considerably, yet 
important limitations remain for everyday emergency practice.

First, the most widely cited prognostic models were derived 
predominantly from large cohorts and clinical trials conducted 
in high-income settings, and their calibration in resource-limited 
EDs where case mix, pre-hospital care, and time-to-imaging 
differ substantially is uncertain (21). Second, several models 
incorporate variables that are not consistently available at the 
point of first assessment in such settings, limiting their bedside 
applicability. Third, much of the local evidence examines 
predictors in isolation rather than quantifying their combined, 
independent contribution within a single multivariable model 
applicable to a real ED population. Consequently, there is 
a practical gap: emergency clinicians in many settings lack 
a parsimonious, locally relevant model built entirely from 
information routinely obtained on arrival.

This study addresses that gap not by proposing a new 
scoring system, but by providing prospective, multicentre 
evidence from a resource-limited Southeast Asian setting that 
remains substantially underrepresented in the cohorts from 
which the most widely used prognostic models were derived. 
Its contribution is threefold: it examines whether established 
admission predictors retain their prognostic value when combined 
in a single, parsimonious model in this context; it deliberately 
restricts the model to six variables that are universally available 

at the point of first contact without laboratory, advanced 
imaging, or specialist input so that it is applicable in EDs where 
more complex instruments such as the CRASH and IMPACT 
models are impractical; and it integrates physiological (GCS, 
hypotension, pupillary reactivity), anatomical (ISS), and imaging 
(intracranial haemorrhage) domains into one admission-time 
framework, quantifying the independent weight of each readily 
available predictor and the discriminative and calibration 
performance of the combined model in a population where such 
data are scarce (8,11,15,17).

Accordingly, the objectives of this study were: (1) to identify 
the admission clinical variables independently associated with 
in-hospital mortality among patients presenting with head trauma 
to the ED, and (2) to estimate the strength of these associations, 
expressed as adjusted odds ratios (ORs), using a binary logistic 
regression model. We hypothesised that a lower GCS, higher 
ISS, the presence of intracranial haemorrhage, hypotension, 
and abnormal pupillary reactivity would be independently 
associated with increased odds of in-hospital death. 

Methods 

Study design and setting

This study was designed as a prospective, multicentre, 
observational cohort study. It was conducted at four hospitals 
between June 2025 and May 2026, in Central Java, Indonesia, 
comprising one tertiary referral and teaching hospital and three 
secondary district general hospitals in the Banyumas-Kebumen-
Purworejo-Cilacap region. Together, these centres serve both 
urban and rural populations and receive head-trauma patients 
through direct presentation and inter-facility referral. 

Study population

Consecutive patients presenting with head trauma to the 
EDs of the participating centres during the study period were 
assessed for eligibility. Patients were eligible for inclusion if 
they were aged 15 years or older. No restriction was placed on 
the time interval between injury and presentation, so that the 
cohort would reflect the full range of patients encountered in 
routine emergency practice. Patients were excluded if they were 
younger than 15 years, were dead on arrival, were transferred 
before an in-hospital outcome could be ascertained, or had 
incomplete admission records. Each eligible patient was enrolled 
only once, at the index presentation, and followed until hospital 
discharge or in-hospital death. No post-discharge follow-up was 
performed.

Sample size

The required sample size was calculated using the 
criteria proposed by Martin et al. (22) for developing a clinical 
prediction model with a binary outcome, as implemented in the 
pmsampsize package. The calculation assumed six candidate 
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predictor parameters, an anticipated in-hospital mortality of 15% 
based on preliminary data, and a conservatively anticipated 
model discrimination (C-statistic) of 0.80, corresponding to an 
approximate Cox-Snell R2 of 0.15. Applying the criteria of an 
expected shrinkage of at least 0.90, an absolute difference 
between the apparent and adjusted Nagelkerke R2 of no 
more than 0.05, and precise estimation of the overall outcome 
risk, the minimum required sample size was 329 patients; 
the binding criterion was the minimisation of overfitting 
(expected shrinkage), and at the anticipated 15% mortality 
this corresponded to approximately 49 events (about 8 events 
per predictor parameter). To also satisfy the conventional 
benchmark of at least ten events per predictor parameter and 
to allow for participant exclusions and incomplete records, the 
target enrolment was increased to approximately 500 patients 
(approximately 75 anticipated events), distributed across the 
four participating centres (approximately 125 per centre). The 
achieved analytical sample of 657 patients, including 112 
deaths (17.0%), exceeded this target and corresponded to 
approximately 18.7 events per predictor parameter.

Data collection, variables, and inter-rater reliability

Data were collected at the point of ED admission using a 
standardised, pre-piloted case-report form applied uniformly 
across all centres. The dependent variable was in-hospital 
mortality, defined as death occurring at any time between 
admission and hospital discharge and coded as a binary outcome 
(1= died, 0= survived to discharge). Six predictor variables, all 
recorded on arrival, were examined: age (years); the GCS score 
on admission (3-15); the ISS (1-75); the presence of intracranial 
haemorrhage on head computed tomography (1= present, 
0= absent); hypotension, defined as an admission systolic 
blood pressure below 90 mmHg (1= present, 0 = absent); and 
pupillary status (1= abnormal, i.e. anisocoria or a non-reactive 
pupil; 0= normal, i.e., isocoric and reactive pupils). Intracranial 
haemorrhage was recorded as the presence of any traumatic 
intracranial haemorrhage on head computed tomography, 
without differentiation into specific subtypes (e.g., epidural, 
subdural, subarachnoid, or intraparenchymal haemorrhage). 
To ensure comparability across sites, the GCS score, pupillary 
status, and ISS were assessed using standardized definitions 
by trained clinicians, and computed tomography findings were 
interpreted according to a common protocol. Inter-rater reliability 
was assessed on a random subset of 35 patients independently 
evaluated by five expert raters. Agreement was quantified using 
Fleiss’ kappa for pupillary status and for intracranial haemorrhage 
on computed tomography, and using a weighted kappa for the 
GCS. Agreement was substantial to almost perfect: substantial for 
pupillary status [κ=0.76; 95% confidence interval (CI) 0.62-0.86], 
and almost perfect for intracranial haemorrhage (κ=0.81; 95% CI 
0.72-0.91) and the GCS (weighted κ=0.83; 95% CI 0.70-0.91).

Statistical Analysis

Statistical analyses were performed using SPSS version 30 
(IBM Corp., Armonk, NY, USA), and sample size was calculated 
using pmsampsize package. Continuous variables were 
summarised as mean (±  standard deviation) and categorical 
variables as frequency (percentage). Baseline characteristics 
were compared between survivors and non-survivors using the 
independent-samples t-test for continuous variables—with the 
Mann-Whitney U test applied where distributions departed from 
normality on the Shapiro-Wilk test—and the Pearson χ2 test for 
categorical variables, with Fisher’s exact test substituted when 
any expected cell count was below five. The association between 
each predictor and in-hospital mortality was first quantified 
using univariable binary logistic regression, after which all six 
predictors were entered simultaneously into a multivariable 
binary logistic regression model (enter method). Associations 
were expressed as crude and adjusted odds ratios (OR and 
adjusted OR) with 95% CIs. Discrimination was assessed 
using the area under the receiver-operating-characteristic 
curve (AUC); explained variation was summarised by the Cox-
Snell and Nagelkerke pseudo-R2 statistics, and classification 
performance was evaluated at a 0.50 probability threshold, 
with the Youden index used to identify the optimal cut-off. 
Model calibration was assessed using the Hosmer-Lemeshow 
goodness-of-fit test and, graphically, using a flexible (lowess-
smoothed) calibration curve plotting the observed proportion of 
deaths against the predicted probability, complemented by risk 
groups defined by deciles of predicted probability; the calibration 
intercept and slope were also calculated. A two-sided p-value 
below 0.05 was considered statistically significant. 

Results 

Participant characteristics

During the study period, 744 patients presenting with head 
trauma to the ED were assessed for eligibility. Of these, 87 were 
excluded—12 patients younger than 15 years, 33 who were dead 
on arrival, 17 transferred before an in-hospital outcome could be 
ascertained, and 25 with incomplete admission records—leaving 
657 patients in the final analysis (Figure 1). In-hospital mortality 
occurred in 112 patients (17.0%), while 545 (83.0%) survived 
to discharge. The mean age of the cohort was 42.9±16.2 
years, and the majority of patients were male (454; 69.1%), 
with a comparable sex distribution between survivors and non-
survivors (p=0.088). Compared with survivors, non-survivors 
were older (mean 48.0 versus 41.9 years) and presented with 
a markedly lower admission GCS (mean 7.4 versus 11.7) and 
a higher ISS (mean 37.5 versus 26.4); a greater proportion of 
non-survivors also had intracranial haemorrhage on computed 
tomography (57.1% versus 34.3%) and abnormal pupillary 
findings (39.3% versus 3.9%). All of these differences were 
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statistically significant (p<0.001). The baseline characteristics of 
the two groups are presented in Table 1.

Univariable and multivariable analysis 

In univariable logistic regression, older age, a lower GCS, 
a higher ISS, the presence of intracranial haemorrhage, and 
abnormal pupillary status were each significantly associated with 
in-hospital mortality, whereas hypotension was not; abnormal 
pupillary status showed the strongest crude association with 
death (crude OR 16.15, 95% CI 9.06-28.78; p<0.001). In the 
multivariable model containing all six admission predictors, four 
variables remained independently associated with in-hospital 
mortality: older age (adjusted OR 1.04 per year, 95% CI 1.02-
1.06; p<0.001), a lower GCS (adjusted OR 0.62 per point, 
95% CI 0.55-0.70; p<0.001), a higher ISS (adjusted OR 1.08 
per point, 95% CI 1.05-1.11; p<0.001), and abnormal pupillary 
status (adjusted OR 3.86, 95% CI 1.82-8.19; p<0.001). After 
adjustment, neither intracranial haemorrhage (adjusted OR 

1.35, 95% CI 0.77-2.36; p=0.294) nor hypotension (adjusted OR 
2.11, 95% CI 0.61-7.31; p=0.240) was independently predictive. 
The crude and adjusted associations are shown in Table 2.

Model performance 

The model demonstrated excellent discrimination, with an 
AUC of 0.91 (95% CI 0.88-0.94), and explained a substantial 
proportion of the variation in mortality (Nagelkerke R2 0.55). 
Calibration on the Hosmer-Lemeshow test was borderline 
(χ2=15.72, df=8, p=0.047). At a 0.50 probability threshold, the 
model correctly classified 90.4% of patients, with a specificity 
of 97.1% and a sensitivity of 58.0% (Table 3); at the Youden-
optimal threshold of 0.14, sensitivity rose to 89.3% at a specificity 
of 80.6%. The flexible calibration curve lay close to the line of 
perfect calibration across most of the probability range, with only 
minor local deviations, consistent with the borderline Hosmer-
Lemeshow result; the apparent calibration slope was 1.00 and the 
calibration intercept was 0.00 (Figure 2B). Some overestimation 
was observed in the mid-range probability groups, indicating a 
modest tendency of the model to over-predict risk in patients of 
intermediate severity. 

Discussion
This prospective multicentre study identified four routinely 

available admission characteristics older age, lower GCS score, 
higher ISS, and abnormal pupillary reactivity as independent 
predictors of in-hospital mortality among patients presenting 
with head trauma. In contrast, intracranial haemorrhage and 
hypotension did not retain independent associations with 
mortality after adjustment for the other admission variables. 
Overall, these findings suggest that early mortality risk after 
head trauma is shaped by a combination of patient vulnerability, 
neurological impairment, overall injury burden, and brainstem 
dysfunction.

In this cohort of 657 patients presenting with head trauma 
to the ED, in-hospital mortality was 17.0%. When six routinely 
available admission variables were entered into a single 
multivariable model, the four independent predictors identified 
above provided strong prognostic discrimination. The model 

Table 1. Baseline characteristics of patients with head trauma, stratified by in-hospital mortality (n=657)
Characteristic All patients (n=657) Survivors (n=545) Non-survivors (n=112) p-value
Age, years, mean (SD) 42.9 (16.2) 41.9 (15.8) 48.0 (16.9) <0.001
Male sex, n (%) 454 (69.1) 369 (67.7) 85 (75.9) 0.088

GCS score, mean (SD) 11.0 (3.1) 11.7 (2.6) 7.4 (2.7) <0.001
ISS, mean (SD) 28.3 (12.1) 26.4 (11.3) 37.5 (11.6) <0.001
Intracranial haemorrhage, n (%) 251 (38.2) 187 (34.3) 64 (57.1) <0.001
Hypotension (SBP <90 mmHg), n (%) 32 (4.9) 26 (4.8) 6 (5.4) 0.793

Abnormal pupillary status, n (%) 65 (9.9) 21 (3.9) 44 (39.3) <0.001
SD: Standard deviation, GCS: Glasgow Coma Scale, ISS: Injury severity score, SBP: Systolic blood pressure. p-values from the independent-samples t-test 
(continuous variables) or Pearson χ2 test (categorical variables)

Figure 1. Flow diagram of patient selection and in-hospital outcomes 
following head trauma
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discriminated between survivors and non-survivors with 
excellent accuracy (AUC 0.91) and explained a substantial 
proportion of the variance in outcome (Nagelkerke R2 0.55). 
These findings indicate that mortality risk after head trauma can 
be stratified with high accuracy at the very first point of contact, 
using information a clinician already gathers within minutes of a 
patient’s arrival.

Our findings are consistent with those of large prognostic 
studies such as the CRASH and IMPACT models and with brain 
trauma foundation evidence, which is reassuring: it indicates 
that established determinants of outcome behave similarly in 
this previously under-studied population. The contribution of the 

present study is therefore contextual and practical rather than the 
introduction of a novel score it demonstrates that a minimal set 
of admission variables, obtainable at the bedside within minutes 
and without additional resources, provides accurate mortality 
discrimination in a resource-limited, multicentre Indonesian 
emergency setting, thereby extending the external evidence 
base to a context in which such data have been lacking.

Independent predictors of in-hospital mortality 

The value of the model lies less in any single variable 
than in the fact that its significant predictors describe separate 
mechanisms of injury and are therefore complementary rather 

Figure 2. Performance of the multivariable logistic regression model for predicting in-hospital mortality after head trauma (n=657). (A) Receiver-
operating-characteristic curve; the area under the curve was 0.91 (95% CI 0.88-0.94). The dashed line is the reference line of no discrimination 
(AUC=0.500), and the marked point denotes the Youden-optimal threshold (0.14; sensitivity 89.3%, specificity 80.6%). (B) Calibration plot comparing 
predicted probability with observed proportion of in-hospital mortality. The solid line is the flexible (lowess-smoothed) calibration curve, red points are 
risk groups by decile of predicted probability (with 95% CIs), and the dashed line represents perfect calibration. The histogram along the horizontal 
axis shows the distribution of predicted probabilities
AUC: Area under the receiver-operating-characteristic curve, CI: Confidence interval

Table 2. Univariable and multivariable logistic regression of admission predictors for in-hospital mortality

Predictor
Univariable analysis Multivariable analysis
Crude OR
(95% CI) p-value Adjusted OR  

(95% CI) p-value

Age (per year) 1.02 (1.01-1.04) <0.001 1.04 (1.02-1.06) <0.001
GCS (per point) 0.57 (0.51-0.63) <0.001 0.62 (0.55-0.70) <0.001
ISS (per point) 1.09 (1.07-1.11) <0.001 1.08 (1.05-1.11) <0.001
Intracranial haemorrhage (present vs. absent) 2.55 (1.69-3.86) <0.001 1.35 (0.77-2.36) 0.294

Hypotension (present vs. absent) 1.13 (0.45-2.81) 0.793 2.11 (0.61-7.31) 0.240

Abnormal pupillary status (vs. normal) 16.15 (9.06-28.78) <0.001 3.86 (1.82-8.19) <0.001
OR: Odds ratio, CI: Confidence interval, GCS: Glasgow Coma Scale, ISS: Injury severity score. Adjusted odds ratios were derived from the multivariable model 
containing all six admission predictors
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than redundant. Age reflects physiological reserve and the 
diminished capacity of the older brain to tolerate injury; the GCS 
reflects global cerebral and functional status; the ISS quantifies 
the overall anatomical burden of injury across body regions; and 
pupillary reactivity is a bedside marker of brainstem integrity. That 
each retained independent significance after mutual adjustment 
indicates that each contributes prognostic information the others 
do not, and explains why their combination discriminates so 
strongly. A patient’s outcome after head trauma is thus governed 
simultaneously by host vulnerability, the depth of impaired 
consciousness, the total injury load, and the state of the brainstem 
and no one of these axes fully substitutes for the others.

Age emerged as an independent predictor of mortality 
(adjusted OR 1.04 per year), such that each additional decade 
of life was associated with an approximately 50% increase in 
the odds of death. This finding aligns closely with established 
prognostic models of traumatic brain injury, notably the IMPACT 
and CRASH models, in which age is consistently among 
the strongest determinants of outcome (19-21,23-25). The 
concordance is reassuring, as it suggests that the present 
cohort behaves in a manner consistent with larger international 
datasets and that the well-recognised biological vulnerability 
of older patients reduced cerebral compliance, greater 
susceptibility to expanding haematomas, and higher burden 
of comorbidity operates in this setting as elsewhere (24,26). 
The independence of age from injury-severity measures also 
implies that chronological age should be weighted in early risk 
assessment even when the anatomical and physiological injury 
appears comparable to that of a younger patient.

Abnormal pupillary reactivity carried the largest independent 
effect (adjusted OR 3.86), consistent with its role as a clinical 
signature of raised intracranial pressure and incipient or 
established transtentorial herniation (27). Because pupillary 
dysfunction typically appears only as rostrocaudal deterioration 
advances, its strong association with death underscores that an 
abnormal pupil at admission is an ominous, often late, sign that 
should trigger immediate action rather than observation (17,18). 
The GCS showed a robust inverse relationship with mortality 
(adjusted OR 0.62 per point), meaning that each single-point fall in 
the admission score was associated with an almost 40% increase 

in the odds of death; this dose–response gradient reinforces the 
prognostic weight of even modest reductions in consciousness 
and argues against dichotomising the score too coarsely at 
triage (28). The ISS remained independently predictive (adjusted 
OR 1.08 per point), a reminder that outcome in head trauma is 
shaped not only by the intracranial injury but by the cumulative 
physiological insult of concurrent extracranial injuries, which 
compete for the same resuscitative resources (29-31).

Intracranial haemorrhage and hypotension

Radiological intracranial haemorrhage was strongly 
associated with death in unadjusted analysis (crude OR 2.55) 
but was markedly attenuated and lost statistical significance after 
adjustment (adjusted OR 1.35, p=0.294). The most plausible 
explanation is not that haemorrhage is unimportant, but that 
much of its lethal effect is expressed through the physiological 
variables already in the model: a clinically significant bleed 
manifests as a depressed GCS and, when mass effect develops, 
as pupillary abnormality. In other words, the imaging finding and 
the bedside signs are partly different windows onto the same 
deteriorating process, and once consciousness and pupillary 
status are accounted for, the incremental information added 
by the imaging label diminishes. This has a practical corollary 
physiological assessment at the bedside captures a large share 
of the prognostic signal even before imaging is available, which 
is precisely the situation faced in the first minutes of resuscitation 
and in settings where computed tomography access is delayed.

Hypotension was not independently associated with mortality 
in this cohort, in apparent contrast to its well-established 
prognostic importance after head injury (32-34). Two factors 
most likely account for this. First, hypotension was uncommon 
in the present sample (4.9% of patients), which limited the 
statistical power to detect an independent effect and yielded a 
wide, imprecise CI. Second, and more substantively, the lethal 
impact of systemic hypotension is mediated largely through 
secondary brain injury, whose downstream consequences 
deteriorating consciousness and rising injury severity are 
already captured by the GCS and ISS terms in the model; once 
these are adjusted for, the residual independent contribution 
of an admission blood-pressure threshold is diminished. This 

Table 3. Performance of the multivariable logistic regression model
Metric Value
Discrimination (AUC, 95% CI) 0.91 (0.88-0.94)

Calibration (Hosmer-Lemeshow) χ2=15.72, df=8, p=0.047

Cox-Snell R2 0.33

Nagelkerke R2 0.55

Overall correct classification (threshold 0.50), % 90.4

Sensitivity/specificity (threshold 0.50), % 58.0/97.1

Positive/negative predictive value, % 80.2/91.8
AUC: Area under the receiver-operating-characteristic curve, CI: Confidence interval
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interpretation is consistent with the view that hypotension is a 
powerful marker of, and contributor to, secondary insult rather 
than an independent axis of injury, and it should not be read as 
evidence that hypotension is clinically unimportant. Aggressive 
prevention and correction of hypotension remain central to early 
management (14,35).

Clinical implications 

Taken together, these results have direct operational value for 
the first phase of care. First, they support the routine, structured, 
and documented assessment of the GCS and pupillary reactivity 
at triage, since these two bedside variables carry much of the 
prognostic weight and any lapse in their recording represents a lost 
opportunity for early risk stratification. Second, the combined model 
could be embedded into triage as an admission-based tool to flag 
high-risk patients before advanced imaging or specialist review; 
operated at a high-sensitivity threshold, it would act as an early 
“rule-in for escalation” trigger, prompting expedited neurosurgical 
consultation, critical-care involvement, and prioritised access to 
computed tomography and operative resources (36-39). Third, 
the prominence of pupillary abnormality both highly predictive and 
time-sensitive argues for staff training and serial reassessment of 
pupillary responses. Fourth, the independent contribution of age 
warrants heightened vigilance and a lower escalation threshold 
in older patients, even when the initial injury appears moderate. 
Finally, because bedside physiology captures much of the 
signal otherwise attributed to imaging, aggressive protocolised 
early management—airway protection, prevention of secondary 
hypoxic and hypotensive insults, and rapid escalation—is justified 
in patients with a low GCS and abnormal pupils without awaiting 
radiological confirmation (40,41). In resource-limited emergency 
settings in particular, a model requiring only clinical and basic 
imaging information offers a pragmatic route to earlier, better-
targeted intervention.

Study Limitations

Several limitations should be considered when interpreting 
these findings. First, although the model demonstrated strong 
discrimination, calibration was borderline on the Hosmer-
Lemeshow test. This finding suggests that the estimated 
probabilities of mortality may not be sufficiently accurate 
for individual-level clinical decision-making without further 
assessment and, if necessary, recalibration. The Hosmer-
Lemeshow test is also sensitive to sample size; therefore, this 
result should be interpreted alongside the graphical calibration 
assessment rather than in isolation.

Second, the model was developed and evaluated using the 
same dataset and was not externally validated. Its apparent 
predictive performance may therefore be optimistic, and 
equivalent discrimination and calibration cannot be assumed 
in populations with different patient characteristics, referral 
pathways, pre-hospital systems, or hospital resources. 

Consequently, the present findings support prognostic 
associations within this cohort but should not yet be interpreted 
as establishing a prediction model ready for routine application 
in other settings.

Third, the observational design precludes causal inference. 
Although the multivariable analysis adjusted for the six 
prespecified admission characteristics, residual confounding 
from variables not measured in this study, including pre-hospital 
management, time from injury to definitive care, comorbidity, 
oxygenation status, medication use, and subsequent treatment, 
cannot be excluded. The observed associations should therefore 
be interpreted as prognostic rather than causal.

Fourth, the study population comprised patients who 
survived to formal assessment. Patients who were dead on 
arrival and those transferred before an in-hospital outcome 
could be ascertained were excluded. Accordingly, the findings 
may not be generalisable to patients with the most immediately 
fatal injuries or to individuals whose outcomes are determined 
after transfer to another institution. The absence of a time-
based inclusion cut-off allowed the cohort to reflect the range 
of presentation intervals encountered in routine emergency 
practice, but differences in pre-hospital delay may nevertheless 
have influenced the observed clinical condition at admission.

Fifth, the model was intentionally restricted to six admission 
variables to preserve its potential practicality in resource-
limited emergency settings. This approach may, however, 
have omitted additional prognostic information. Intracranial 
haemorrhage was analysed as a binary variable without 
accounting for haemorrhage subtype, volume, anatomical 
location, or mass effect, and potentially relevant variables such 
as peripheral oxygen saturation, comorbidities, anticoagulant or 
antiplatelet use, mechanical ventilation, and definitive surgical 
interventions were not included. These limitations may partly 
explain why some established prognostic factors did not retain 
independent associations in the adjusted model and may limit 
the completeness of individual risk estimation.

Despite these limitations, the study has several strengths. Its 
prospective, multicentre design and consecutive recruitment across 
one tertiary referral hospital and three secondary district hospitals 
provided a clinically heterogeneous cohort representing routine 
emergency care across different levels of service. Data were 
collected prospectively using a standardised case-report form, and 
key clinical variables were assessed using common definitions 
across participating centres. Inter-rater reliability was evaluated for 
GCS score, pupillary status, and intracranial haemorrhage, with 
substantial to almost perfect agreement, supporting the consistency 
of measurement across raters. In addition, the achieved sample 
included a sufficient number of mortality events relative to the 
number of candidate predictors, reducing the risk of severe model 
overfitting. Finally, the study focused on variables available at 
the time of ED admission and evaluated both discrimination and 



Gulhane Med J

calibration, increasing the clinical relevance of the findings for 
early risk assessment while providing a transparent basis for future 
external validation.

Conclusion 
Among patients with head trauma presenting to the ED, in-

hospital mortality could be predicted with high accuracy from a 
few variables available at admission. In a multivariable model, 
older age, a lower GCS score, a higher ISS, and abnormal 
pupillary reactivity were each independently associated with 
death and together showed excellent discrimination (AUC 0.91). 
These bedside predictors, assessable within minutes of arrival, 
support the routine documentation of consciousness level and 
pupillary status at triage and could help identify high-risk patients 
early particularly older patients for expedited escalation of care. 
Given its borderline calibration and lack of external validation, 
however, the model should be regarded as hypothesis-
generating, requiring external validation and recalibration before 
routine clinical use.
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