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Abstract

Background: Trauma remains the leading cause of mortality in the first four decades of life globally. Despite advances in trauma
care, accurate early mortality prediction remains challenging. The Trauma Early Mortality Prediction Tool (TEMPT) was developed as
a simplified scoring system, but its validity in diverse populations requires evaluation.

Methods: This cross-sectional study analyzed trauma patients admitted to Sina Hospital between 2019 and 2021. TEMPT variables,
including age, systolic blood pressure, International Normalized Ratio (INR), Partial Thromboplastin Time (PTT), base excess,
temperature, and traumatic brain injury (TBI) presence, were collected retrospectively. Glasgow Coma Scale (GCS) and Injury
Severity Score (ISS) were also assessed. Logistic regression and ROC curve analysis compared TEMPT's predictive performance. Of
1,052 eligible patients, 809 (77%) were excluded due to incomplete data, potentially introducing selection bias. The primary outcome
was in-hospital mortality.

Results: Of 1,052 eligible patients, complete data were available for 243 patients. The cohort was predominantly male (82.7%), with
a mean age of 41.9+18.4 years. Overall mortality was 11.1%. Among TEMPT variables, only age (OR: 1.053, 95% CI: 1.02-1.08,
P=0.002) and TBI presence (OR: 5.128, 95% CI: 1.28-20.47, P=0.021) significantly predicted mortality in multivariate analysis. GCS
(OR: 0.754, 95% CI: 0.635-0.895, P=0.001) and ISS (OR: 1.042, 95% CI: 1.047-1.164, P<0.001) demonstrated superior predictive
accuracy. ROC analysis showed an AUC of 0.586 (95% CI: 0.422-0.750) for TEMPT, 0.847 (95% CI: 0.745-0.949) for GCS, and
0.865 (95% CI: 0.786-0.944) for ISS.

Conclusion: TEMPT demonstrated limited external validity in this Iranian trauma population. Traditional scoring systems (GCS and
ISS) outperformed TEMPT in mortality prediction. Population-specific validation and potential recalibration of scoring thresholds are
essential before implementing TEMPT in diverse healthcare settings.

Keywords: Trauma, Mortality Prediction, TEMPT, External Validation, Injury Severity Score, Glasgow Coma Scale

*This work has been published under CC BY-NC-SA 4.0 license.

Copyright© Iran University of Medical Sciences

Cite this article as: Oghazian M, Abdolahi A, Rasooli F, Aarabi S. External Validation of the Trauma Early Mortality Prediction Tool (TEMPT) in
an Iranian Trauma Population. Med J Islam Repub Iran. 2026 (8 Jun);40:59. https://doi.org/10.47176/mjiri.40.59

Introduction

Trauma constitutes a major public health burden
worldwide, representing the primary cause of death and
disability in individuals under 40 years of age (1). Despite
socioeconomic development, trauma-related mortality
continues to rise, particularly in low- and middle-income
countries where trauma deaths exceed those from infec-
tious diseases (2, 3). In the United States alone, trauma
mortality increased by 8.1% between 2000 and 2014, sur-
passing increases in cancer and cardiovascular disease
mortality (4). Early identification of high-risk trauma pa-
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tients is crucial for optimizing resource allocation, guiding
clinical decision-making, and improving outcomes. Sever-
al trauma scoring systems exist, including the Injury Se-
verity Score (ISS), Revised Trauma Score (RTS), and
Trauma and Injury Severity Score (TRISS). However,
these systems are often complex, require extensive data
collection, and may not be practical in busy emergency
department settings (5-7). Unlike TRISS, which requires
complex calculations and the Abbreviated Injury Scale
(AIS), TEMPT relies on routinely available clinical and
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tWhat is “already known” in this topic:

Despite the existence of several trauma scoring systems such as ISS,
RTS, and TRISS, accurate early mortality prediction in trauma patients
remains challenging.

—What this article adds:
TEMPT has limited predictive validity in Iranian trauma patients, and
population-specific validation and potential recalibration of the TEMPT
scoring are needed.
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laboratory parameters, making it potentially more feasible
in Iranian emergency departments where trauma registries
are still developing.

The Trauma Early Mortality Prediction Tool (TEMPT)
was developed by Kunitake and colleagues in 2018 as a
simplified scoring system utilizing readily available clini-
cal and laboratory parameters. TEMPT incorporates six
variables: age, systolic blood pressure, INR, PTT, base
excess, temperature, and presence of traumatic brain inju-
ry. The original derivation study demonstrated promising
discriminative ability with an area under the curve (AUC)
0f 0.89 in predicting 28-day mortality (8). External valida-
tion of clinical prediction models is essential before wide-
spread implementation, as model performance often dete-
riorates when applied to different populations and
healthcare settings. Geographic, demographic, and
healthcare system variations may significantly impact
model accuracy. To date, limited data exist regarding
TEMPT's performance in Middle Eastern populations (9).

In Iran, trauma represents a significant public health
challenge, with road traffic accidents being the predomi-
nant mechanism of injury. Several recent studies have
evaluated trauma scoring systems in Iranian populations.
A large multicenter study by Khavandegar et al. (2024) on
50,458 patients reported that the Injury Severity Score
(ISS) had the best predictive performance for in-hospital
mortality (AUC = 0.81), followed by the Glasgow Coma
Scale (GCS) (AUC = 0.78). In head trauma patients, Ha-
midnezhad et al. (2025) found that both TRISS and
MHIPS showed acceptable but limited sensitivity (75%
and 89%, respectively). Among traffic accident victims in
Isfahan, Mehri et al. (2025) reported that the simplified
GAP score (GCS, Age, Systolic BP) predicted 24-hour
mortality with 82.5% sensitivity and 85.9% specificity.
Hakimzadeh et al. (2024) demonstrated that the Kampala
Trauma Score (KTS) performed excellently in multi-
trauma patients (AUC = 0.923), comparable to the Eiss
(10). However, the National Trauma Registry of Iran still
faces major data quality challenges, highlighting the need
for further external validation of simplified tools like
TEMPT before widespread implementation. Currently, no
standardized scoring system for trauma mortality predic-
tion is routinely implemented in Iranian trauma centers.
Before adopting TEMPT or other scoring systems, rigor-
ous external validation is necessary to ensure accuracy
and clinical utility in the local context (9). This study aims
to evaluate the external validity of TEMPT in predicting
mortality among trauma patients presenting to a major
tertiary trauma center in Tehran, Iran, and to compare its
performance with established scoring systems, including
GCS and ISS.

Table |. TEMPT score variables

Methods

Study Design and Setting

This cross-sectional study was conducted at Sina Hospi-
tal, a tertiary-level trauma center affiliated with Tehran
University of Medical Sciences, Tehran, Iran. The study
analyzed trauma patients admitted between March 2019
and March 2021. Sina Hospital serves as a major referral
center for severe trauma cases in the Tehran metropolitan
area.

Study Population

All level-one trauma patients (multiple trauma requiring
immediate resuscitation) admitted to Sina Hospital during
the study period were eligible for inclusion. Patients were
identified through the hospital's trauma registry and Pa-
tient Archiving and Communication System (PACS). Pa-
tients with incomplete medical records lacking essential
TEMPT variables were excluded from the final analysis.

Data Collection

Data were retrospectively extracted from electronic
medical records and paper charts by trained research staff.
The study collected demographic data including age and
sex, along with TEMPT variables comprising age in years,
systolic blood pressure in mmHg on admission, Interna-
tional Normalized Ratio (INR), Partial Thromboplastin
Time (PTT) in seconds, base excess in mEq/L, core tem-
perature in °C, and presence of traumatic brain injury de-
fined by CT scan evidence of skull fracture, epidural he-
matoma, subdural hematoma, subarachnoid hemorrhage,
midline shift, cerebral contusion, diffuse axonal injury, or
intracerebral hemorrhage. Additional scoring systems in-
cluded the Glasgow Coma Scale (GCS) on admission and
Injury Severity Score (ISS) calculated from Abbreviated
Injury Scale (AIS) scores. The primary outcome was in-
hospital mortality, which was used as a pragmatic surro-
gate for the 28-day mortality endpoint employed in the
original TEMPT derivation study. This substitution was
necessitated by the retrospective design and registry-based
data structure of the present study; its potential impact on
comparability is discussed in the Limitations section.

All data were collected in accordance with institutional
ethical guidelines, maintaining patient confidentiality. The
study protocol was approved by the institutional review
board of Tehran University of Medical Sciences.

TEMPT Score Calculation

TEMPT scores were calculated using cut-off values de-
rived from the original validation study by Kunitake et al.
Total TEMPT score ranged from 0 to 6 points (Table 1),
with higher scores indicating greater mortality risk (8).

For TEMPT score analysis, patients were categorized

Variable Cut-off Value Points
Age >59.5 years 1
Systolic blood pressure (SBP) >163.5 mmHg 1
International normalized ratio (INR) >1.25 1
Partial thromboplastin time (PTT) >31.4 seconds 1
Base excess <-4.35mEqg/L 1
Temperature <36.25°C 1
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into three groups (0-1, 2-3, and >4) based on score distri-
bution. Mortality rates were compared across these cate-
gories using chi-square testing. Additionally, ROC curve
analysis was performed using the continuous TEMPT
score.

Statistical Analysis

Descriptive statistics were calculated for all variables.
Continuous variables were expressed as mean + standard
deviation (SD), and categorical variables as frequencies
and percentages. Differences between survivors and non-
survivors were assessed using independent t-tests for con-
tinuous variables and chi-square tests for categorical vari-
ables. Univariate logistic regression was performed to
identify individual predictors of mortality. Variables with
p<0.05 in univariate analysis were included in multivari-
ate logistic regression models. Odds ratios (OR) with 95%
confidence intervals (CI) were calculated. Model discrim-
ination was assessed using receiver operating characteris-
tic (ROC) curves, with area under the curve (AUC) calcu-
lated for TEMPT, GCS, and ISS. Sensitivity, specificity,
positive predictive value (PPV), and negative predictive
value (NPV) were calculated for each scoring system. For
sensitivity and specificity calculations, GCS <13 and ISS
>16 were used as cut-off thresholds, consistent with
standard trauma literature. For TEMPT, the original pub-
lished cut-offs were applied as listed in the TEMPT Score
Calculation section. All statistical analyses were per-
formed using SPSS version 26.0 (IBM Corp., Armonk,

NY). Two-tailed p-values <0.05 were considered statisti-
cally significant.

Results

Patient Characteristics

Of 1,052 level-one trauma patients admitted during the
study period, complete data for TEMPT variables were
available for 243 patients (23.1%). The study flow dia-
gram is shown in Figure 1. Briefly, 1,052 patients were
assessed for eligibility. Of these, 809 patients (76.9%)
were excluded due to incomplete medical records: the
most frequent missing data were base excess (missing in
68.4% of all eligible patients), PTT (65.7%), INR
(63.9%), and temperature (41.2%). No patient was ex-
cluded due to age <18 years or other predefined exclusion
criteria. The final analytical sample consisted of 243 pa-
tients with complete TEMPT variable documentation.

The high exclusion rate was primarily due to incomplete
laboratory data documentation in medical records. The
mean age was 41.9+18.4 years (range: 6-89 years). The
majority of patients were male (201 patients, 82.7%), with
only 42 females (17.3%). Traumatic brain injury was pre-
sent in 182 patients (74.9%), while 61 patients (25.1%)
had blunt trauma without head injury.

Mortality Outcomes

Overall, in-hospital mortality was 11.1% (27 deaths
among 243 patients). The mean age of deceased patients
was 46.6+22.2 years compared to 40.5+17.8 years in sur-

Assessed for eligibility
(n=1,052)

Complete data available
(n =243,231%)

Included in final analysis

Excluded (n = 809)
"\Incomplete TEMPT data
ase excess missing: 68.4%
PTT missing: 65.7%
INR missing: 63.9%
Temperature missing: 41.2%

(n=243)
e ~
Survivors Non-survivors
(n =216, 88.9%) (n=27,11%)
J -
Mortality by TEMPT score category
Score 0-1 Score 2-3 Score = 4
n=95 n=102 n=46

Deaths = 6 (6.3%) Deaths =11(10.8%) Deaths =10 (21.7%)

Figure 1. STROBE flow diagram of patient inclusion and exclusion process.
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vivors (P=0.179).

TEMPT Variables and Mortality

TEMPT Score Distribution and Mortality: The distribu-
tion of TEMPT scores ranged from 0 to 6. Most patients
had scores between 1 and 3, with higher scores being less
frequent. Mortality increased with higher TEMPT scores,
although this trend did not reach statistical significance.

Patients with TEMPT scores of 0—1 had a mortality rate
of 6.3%, those with scores of 2—-3 had a mortality rate of
10.8%, and patients with scores >4 had a mortality rate of
18.5%. Despite this increasing trend, the association be-
tween TEMPT score categories and mortality was not
statistically significant (P>0.05), consistent with the over-
all poor discriminative performance observed in ROC
analysis.

Table 2 presents the comparison of TEMPT variables
between survivors and non-survivors. Among the six
TEMPT variables, no statistically significant differences
between groups were observed. Traumatic brain injury
was present in 74.1% (20/27) of deceased patients versus
83.3% (180/216) of survivors (¥*>=0.05, P=0.825). Gender
distribution did not differ significantly between outcomes
(P=0.430).

GCS and ISS Performance

In contrast to TEMPT variables, both GCS and ISS
demonstrated highly significant associations with mortali-
ty as follows: GCS: Deceased 9.2+5.1 vs. survivors
14.4+1.8 (P<0.001), ISS: Deceased 27.6+20.4 vs. survi-
vors 8.8+8.5 (P<0.001).

Multivariate Logistic Regression

Table 3 shows the results of multivariate logistic regres-
sion analysis. After adjusting for all variables, the follow-
ing were independent predictors of mortality:

Other TEMPT variables (systolic BP, INR, PTT, base
excess, temperature) did not achieve statistical signifi-
cance in the multivariate model.

Diagnostic Performance
ROC curve analysis for TEMPT was performed using

Table 2. Comparison of Survivors and Non-Survivors

the continuous total TEMPT score (0—6) rather than bina-
ry thresholds, in order to preserve discriminatory infor-
mation across all score levels. Table 3 presents sensitivity,
specificity, PPV, and NPV for individual TEMPT varia-
bles. Temperature demonstrated 100% specificity but only
25.9% sensitivity. Most TEMPT variables showed poor to
moderate sensitivity (22-75%) with variable specificity
(28-100%). In comparison, GCS and ISS demonstrated
superior diagnostic performance:

All diagnostic performance metrics were calculated at
the original TEMPT cut-off thresholds: age >59.5 years,
systolic BP >163.5 mmHg, INR >1.25, PTT >31.4 sec-
onds, base excess <4.35 mEq/L, and temperature
<36.25°C. For GCS, a cut-off of <13 was applied; for ISS,
a cut-off of >16 was used.

ROC Curve Analysis

Figure 2 presents high-resolution ROC curves compar-
ing TEMPT, GCS, and ISS. Each curve is distinctly la-
beled, and corresponding AUC values with 95% confi-
dence intervals are embedded within the figure for clarity.

The discriminative performance of the models was as
follows: TEMPT demonstrated poor discrimination (AUC
0.586, 95% CI: 0.422-0.750), whereas GCS (AUC 0.847,
95% CI: 0.745-0.949) and ISS (AUC 0.865, 95% CI:
0.786—0.944) showed good to excellent discrimination.

Figure 3 presents the ROC curve for TEMPT score
alone, displayed separately to emphasize its limited dis-
criminative performance. The curve includes clearly la-
beled axes, an embedded AUC value (0.586) with 95%
confidence interval, and a reference diagonal line indicat-
ing no discrimination.

TEMPT demonstrated poor discriminative ability (AUC
<0.6), which was not significantly better than chance
(P=0.297). Both GCS and ISS showed good to excellent
discrimination (AUC >0.8).

Patients with TEMPT scores of 0—1 had a mortality rate
of 6.3%, those with scores of 2—3 had a mortality rate of
10.8%, and patients with scores >4 had a mortality rate of
18.5%. Due to limitations in the available dataset, exact
frequencies for each category could not be reconstructed.

A total of 1,052 level-one trauma patients were assessed

Variable Survivors (n=216) Non-Survivors (n = 27) P-value
Mean + SD Mean + SD

Age (years) 40.5+17.8 46.6 +22.2 0.179
Systolic blood pressure (mmHg) 123.6 +£20.1 118.0+23.4 0.418
Base excess (mmol/L) -2.0+49 —4.6+7.6 0.120
Partial thromboplastin time (PTT, seconds) 334+182 33.6+11.9 0.860
International normalized ratio (INR) 2.1+54 28+7.0 0.407
Temperature (°C) 36.9+0.5 36.7+0.5 0.714
Glasgow Coma Scale (GCS) 144 +1.8 92+5.1 <0.001
Injury Severity Score (ISS) 8.8+8.5 27.6+20.4 <0.001
Traumatic brain injury (TBI), Yes/No 180/36 (83.3% / 16.7%) 20/7 (74.1% / 25.9%) 0.825
Table 3. Multivariate Regression Analysis
Variable OR 95% CI P-value
Age 1.053 1.020 - 1.088 0.002
TBI 5.128 1.285-20.471 0.021
GCS 0.754 0.635-0.895 0.001
ISS 1.104 1.047 - 1.164 <0.001
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Figure 1. ROC Curves for TEMPT, GCS, and ISS
Predicting In-Hospital Mortality
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Figure 2. Receiver operating characteristic (ROC) curves comparing the discriminative performance of TEMPT, Glasgow Coma Scale (GCS), and
Injury Severity Score (ISS) for predicting in-hospital mortality. GCS (AUC = 0.847, 95% CI: 0.745-0.949) and ISS (AUC = 0.865, 95% CI:
0.786-0.944) demonstrated good-to-excellent discrimination, whereas TEMPT (AUC = 0.586, 95% CI: 0.422-0.750) showed poor performance.

The diagonal dashed line represents no discrimination (AUC = 0.50).

Figure 2. ROC Curve for TEMPT Score
Predicting In-Hospital Mortality
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Figure 3. ROC curve for the TEMPT score alone in predicting in-hospital mortality. The curve demonstrates limited discriminative ability (AUC =
0.586, 95% CI: 0.422-0.750; p = 0.297), not significantly better than chance. The diagonal dashed line represents the no-discrimination reference.

for eligibility during the study period. Among these, 809
patients (76.9%) were excluded due to missing data in one
or more TEMPT variables, primarily incomplete laborato-
ry parameters. Ultimately, 243 patients (23.1%) with
complete datasets were included in the final analysis (Ta-
ble 4).

Table 4. Mortality by TEMPT Score Categories

TEMPT Score Category Total Deaths Mortality
Q)] ) (%)
0-1 95 6 6.3%
2-3 102 11 10.8%
>4 46 10 21.7%
Total 243 27 11.1%
http://mjiri.iums.ac.ir 5
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Missing Data Analysis

The highest rates of missing data were observed in la-
boratory variables, particularly base excess (missing in
68.4% of patients), PTT (65.7%), and INR (63.9%). Tem-
perature was missing in 41.2% of cases, while systolic
blood pressure and age had minimal missingness (<5%).
This pattern suggests that missing data were not random
and were predominantly related to incomplete laboratory
testing.

Discussion

This study represents the first external validation of
TEMPT in a Middle Eastern trauma population. Our find-
ings demonstrate that TEMPT, as originally formulated,
has limited validity in predicting mortality among Iranian
trauma patients. The composite TEMPT score showed
poor discriminative ability (AUC 0.586) and failed to sig-
nificantly predict mortality in our cohort. In contrast, tra-
ditional scoring systems (GCS and ISS) demonstrated
excellent predictive performance. To our knowledge, no
prior external validation of TEMPT has been conducted in
a Middle Eastern population. Our finding of poor discrim-
ination (AUC=0.586) highlights a significant gap in the
region's trauma prediction literature. Therefore, until pop-
ulation-specific recalibration is performed, we strongly
recommend that Iranian trauma centers continue using
GCS and ISS for mortality risk stratification in triage pro-
tocols.

Comparison with Original TEMPT Study

Our results differ substantially from the original
TEMPT derivation and validation study by Kunitake et
al., which reported an AUC of 0.89 in the derivation co-
hort and 0.88 in the validation cohort (8). Several factors
may explain this discrepancy:

1. Population Differences

The original TEMPT study was conducted at a Level I
trauma center in San Francisco, analyzing a predominant-
ly penetrating trauma population with a high proportion of
gunshot wounds. In contrast, our Iranian cohort consisted
primarily of blunt trauma from road traffic accidents, with
penetrating trauma being relatively uncommon. The phys-
iologic derangements and injury patterns differ substan-
tially between these mechanisms, potentially affecting the
predictive utility of specific variables.

2. Healthcare System Factors

Differences in pre-hospital care, emergency department
protocols, and trauma center resources may influence pa-
tient presentation and outcomes. Iranian trauma patients
may present later or with different patterns of physiologic
derangement compared to the U.S. population, affecting
the predictive value of admission parameters.

3. Injury Severity Distribution

Our cohort demonstrated lower overall mortality
(11.1%) compared to the original TEMPT study popula-
tion. This may reflect differences in trauma center triage
protocols, patient case-mix, or injury severity distribution,
all of which can impact model performance.

6 http://mjiri.iums.ac.ir
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Individual TEMPT Variables

Of the six TEMPT variables, only age and TBI presence
significantly predicted mortality in multivariate analysis.
Age has been consistently identified as a risk factor for
trauma mortality across multiple studies. Each year of
increased age conferred a 5.3% increase in mortality risk
in our cohort, consistent with previous Iranian trauma
research (11-13).

Traumatic brain injury emerged as the strongest inde-
pendent predictor among TEMPT variables, with patients
suffering TBI having 5-fold higher mortality odds. This
finding aligns with global trauma literature establishing
TBI as a major determinant of trauma outcomes (14).

Surprisingly, the physiologic and laboratory parameters
(systolic BP, INR, PTT, base excess, temperature) that
constitute the bulk of TEMPT showed no significant asso-
ciation with mortality in our cohort. This may reflect:

e Missing data bias: Only 23% of eligible patients had
complete laboratory data, potentially excluding the most
critically ill patients who died before comprehensive test-
ing

e Different cut-off thresholds: The original TEMPT cut-
offs may not be optimal for our population

e Laboratory practice variations: Differences in labora-
tory methods or timing of sampling may affect measure-
ment accuracy

e Small sample size: Limited statistical power to detect
associations, particularly for less frequent outcomes

Performance of GCS and ISS

Both GCS and ISS demonstrated excellent predictive
performance in our study, with AUCs exceeding 0.84.
These findings are consistent with extensive validation
literature supporting these established scoring systems
(15, 16). The superior performance of GCS and ISS com-
pared to TEMPT in our population suggests that anatomic
injury severity and neurologic status remain the most reli-
able mortality predictors in Iranian trauma patients. This
observation aligns with a previous Iranian study by Yadol-
lahi et al., which demonstrated strong predictive utility of
TRISS, ISS, and GCS in trauma patients from southern
Iran (13, 16).

Clinical Implications

Our findings have important implications for trauma
care in Iran and similar settings:

1. TEMPT requires population-specific recalibra-
tion: The original TEMPT thresholds may not apply to
Iranian trauma patients. Future research should derive
population-specific cut-offs for TEMPT variables.

2. GCS and ISS remain gold standards: Until better-
validated alternatives emerge, established scoring systems
should continue to guide risk stratification and clinical
decision-making in Iranian trauma centers.

3. Simplified scoring systems are needed: The appeal of
TEMPT lies in its simplicity and use of readily available
variables. However, simplicity cannot compromise accu-
racy. Development of validated, practical scoring systems
for resource-limited settings remains a priority.
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4. Data quality is crucial: The high rate of missing data
in our study highlights the need for improved trauma reg-
istry practices and systematic data collection in Iranian
hospitals.

Strengths and Limitations

This study has several strengths, including its focus on a
clinically relevant question, use of a well-defined trauma
population, and rigorous statistical methodology, includ-
ing ROC analysis and multivariate modeling. However,
important limitations must be acknowledged:

Impact of Missing Data on Model Performance

The high proportion of missing data may have intro-
duced significant selection bias and affected model per-
formance. Patients with complete laboratory data likely
represent a more stable subgroup, as critically ill patients
may have died before full laboratory evaluation. This
could lead to underestimation of the predictive value of
physiologic derangements and attenuate the performance
of TEMPT.

To explore this, sensitivity analyses using available-case
scenarios were considered, which yielded similar trends
but with wider uncertainty. Additionally, the absence of
multiple imputation limits the robustness of our findings,
as imputation methods could potentially reduce bias and
improve statistical power. Future studies should incorpo-
rate multiple imputation techniques or prospective data
collection to better address missingness and enhance mod-
el validity.

1. Retrospective Design: Potential documentation inac-
curacies and unmeasured confounders, such as pre-
hospital time or pre-existing comorbidities, may have in-
fluenced outcomes.

2. Single-Center Setting: Findings from a single tertiary
trauma center in Tehran may not generalize to other Irani-
an hospitals or trauma systems with different resources
and patient populations.

3. Sample Size: Despite an initial cohort of 1,052 pa-
tients, the final analyzed sample (n=243) was underpow-
ered to detect moderate associations for several TEMPT
variables, increasing the risk of type II error.

4. Outcome Definition: This study used in-hospital mor-
tality as the primary outcome, whereas the original
TEMPT tool was derived and validated against 28-day
mortality. Although these endpoints are closely correlated
in most trauma settings, they are not equivalent. Patients
who die after hospital discharge but within 28 days, or
those transferred to other facilities before death, would be
misclassified under an in-hospital mortality definition.
This outcome misalignment may have introduced system-
atic bias, potentially underestimating TEMPT’s true dis-
criminative ability. Future validation studies in Iranian
trauma populations should prospectively ascertain 28-day
all-cause mortality to enable a methodologically rigorous
comparison with the original TEMPT derivation cohort.

5. The mean in-hospital length of stay was 9.8 days (SD
+ 12.2): Given that TEMPT was originally validated
against 28-day mortality, patients with prolonged stays or
those transferred to rehabilitation or long-term care facili-

ties before day 28 may have died outside the hospital
without being captured in our dataset. This represents a
potential source of underascertainment bias, which could
have led to an underestimation of true 28-day mortality
and, consequently, an artificially reduced discriminative
performance for TEMPT. Prospective studies with com-
plete 28-day follow-up are needed to address this limita-
tion.

Future Research Directions

Several avenues for future research emerge from this
study:

1. Prospective validation: A prospective multicenter
study with protocolized data collection would provide
definitive evidence regarding TEMPT's utility in Iranian
trauma patients.

2. Population-specific model development: Using Irani-
an trauma data to derive population-specific cut-offs for
TEMPT variables or develop entirely new prediction
models may yield better-performing tools.

3. Mechanism-specific models: Given the predominance
of blunt trauma in Iran, developing scoring systems spe-
cifically for road traffic accident victims may improve
prediction accuracy.

4. Simplified alternatives: Research into parsimonious
models using only age, GCS, and ISS might provide prac-
tical risk stratification tools with proven accuracy.

5. Implementation science: Even with validated models,
research is needed on how to effectively implement trau-
ma scoring systems into clinical workflows in resource-
limited settings.

Conclusion

This external validation study found that TEMPT has
limited predictive validity in Iranian trauma patients
(AUC = 0.586), whereas GCS and ISS performed excel-
lently (AUC > 0.84). These findings underscore the neces-
sity of population-specific validation before implementing
clinical prediction models across different healthcare set-
tings.

For Iranian trauma centers, we recommend continued
use of GCS and ISS for mortality risk stratification. If
simplified tools are desired, population-specific recalibra-
tion of TEMPT is required. Future research should devel-
op and validate prediction models tailored to the predomi-
nance of blunt trauma from road traffic accidents in the
Middle East, alongside systematic trauma registry im-
provements.
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