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Abstract: Background and Objectives: Elderly trauma patients face unique physiological challenges that 

often lead to undertriage under the current guidelines. The present study aimed to develop machine-

learning (ML)-based, age-specific triage guidelines to improve predictions for intensive care unit 

(ICU) admissions and in-hospital mortality. Materials and Methods: A total of 274,347 trauma cases 

transported via Emergency Medical System (EMS)-119 in Seoul (2020–2022) were analyzed. 

Physiological indicators (e.g., systolic blood pressure; saturation of partial pressure oxygen; and alert, 

verbal, pain, unresponsiveness scale) were incorporated. Bayesian optimization fine-tuned models 

for sensitivity and specificity, emphasizing the F2 score to minimize undertriage. Results: Compared 

with the current guidelines, the alternative guidelines achieved superior sensitivity for ICU 

admissions (0.728 vs. 0.541) and in-hospital mortality (0.815 vs. 0.599). Subgroup analyses across 

injury severities, including traumatic brain and chest injuries, confirmed the enhanced performance 

of the alternative guidelines. Conclusions: ML-based, age-specific triage guidelines improve 

sensitivity of triage decisions, reduce undertriage, and optimize elderly trauma care. Implementing 

these guidelines can significantly enhance patient outcomes and resource allocation in emergency 

settings. 

Keywords: age-specific triage guideline; elderly trauma patients; machine learning 

 

1. Introduction 

With the continuing aging of the global population, individuals aged 65 years and older are 

expected to constitute up to one-fifth of the global population by 2050, and this age group is estimated 

to account for nearly 39% of trauma admissions [1–3]. This demographic shift presents significant 

challenges, particularly for developed nations with higher life expectancies. This issue is particularly 

pressing in South Korea as the country is anticipated to become a superaged society by 2026, with 

over 20% of its population projected to be 65 years or older [4,5]. All countries worldwide have field 

triage guidelines to transport trauma patients to high-level trauma care facilities [6,7]. Despite these 

guidelines, some patients, particularly elderly patients, who appear stable in the field or emergency 

department (ED) still experience early mortality because of undertriage [8–12]. The contributing 
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factors include altered physiological responses, low-impact injury mechanisms, comorbidities, 

frailty, and polypharmacy, all of which can also result in higher mortality, morbidity, and hospital 

costs [14–17]. According to the American Association for the Surgery of Trauma’s Geriatric Trauma 

Committee, elderly trauma patients are often undertriaged, and their outcomes are improved when 

they are admitted to higher-level trauma centers [18]. An undertriage rate below 5% and an overtriage 

rate of 25–50% are considered acceptable by the American College of Surgeons Committee on 

Trauma. However, a high overtriage rate can strain resources, while a high undertriage rate may lead 

to increased mortality due to failure in identifying severely injured patients [6,19]. 

Therefore, the present study aims to develop age-specific trauma triage guidelines in Korea 

using machine-learning (ML) techniques. We seek to enhance the sensitivity of triage decisions for 

elderly patients by analyzing comprehensive trauma data. We hypothesize that refining the triage 

criteria to better suit the needs of elderly trauma patients will improve their outcomes. Our research 

will suggest an age-specific triage guideline to ensure that emergency medical service personnel and 

emergency physicians can provide prompt medical interventions, leading to better prognosis for 

elderly trauma patients. 

2. Materials and Methods 

2.1. Criteria for Assessing Severe Trauma 

Physiological Criteria 

⚫ Level of consciousness: AVPU scale with a score of "V" or lower, or a Glasgow Coma Scale 

score of 13 or lower. 

⚫ Systolic blood pressure below 90 mmHg. 

⚫ Respiratory rate: less than 10 breaths per minute or greater than 29 breaths per minute. 

2.2. Study Population 

The data for this study were sourced from the Seoul Golden Time Emergency Medical System 

(EMS) project, which includes records of patients transported to EDs across 25 medical institutions 

in Seoul via EMS-119 from April 1, 2020, to December 31, 2022. Seoul is a major city in South Korea 

that has a population of over 10 million, making it the most populous city in Asia and the second 

most populous city worldwide after Paris. Most trauma patients in South Korea are transported by 

119 emergency services, which are responsible for documenting transport records. These records 

contain basic patient information, vital signs, chief complaints, and initial physical examinations. The 

accuracy of these records is maintained through regular internal audits and reviews by supervisory 

physicians. The present study is significant because it integrates data from 119 transport services and 

receiving hospitals, combining previously separate datasets for the first time in South Korea. This 

multicenter study used data from 25 institutions across Seoul. The flowchart of study participants is 

shown in Figure 1. 

Among the 274,537 patients who visited the ED from 2020 to 2022, we applied the following 

criteria for exclusion and grouping. First, we excluded patients with missing data for key variables 

(n=53,819) including blood pressure, body temperature (BT), pulse rate (PR), respiratory rate (RR), 

and oxygen saturation. After this step, a total of 220,718 patients remained. 

Next, we removed participants with extreme outliers in the following key variables: systolic 

(SBP) or diastolic blood pressure (DBP) >300 mmHg, BT >50°C or <20°C, pulse rate (PR) >300 beats 

per minute, RR >50 breaths per minute, and oxygen saturation >100% or <30%.  This process led to 

the exclusion of an additional 1,567 participants, resulting in a total of 219,151 participants who are 

eligible for further analysis. Subsequently, these participants were randomly divided into two sets: a 

training and internal validation set (n=153,405) and a test set (n=65,746). The patients in both sets were 

stratified by age (65 years and older or younger than 65 years). The training and internal validation 

set included 67,5054 participants aged 65 years and older and 86,351 participants younger than 65 

years. The test set included 28,543 participants aged 65 years and older and 37,203 participants 

younger than 65 years. We then compared the prediction performance among the current triage 
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guidelines, alternative triage guidelines, and ML-based triage guidelines. The current triage 

guidelines were based on 10 in-hospital (IN) variables: age, sex, IN-AVPU (alert, verbal, pain, 

unresponsive) scale, IN_SBP, IN_DBP, PR, RR, BT, saturation of partial pressure oxygen (SpO2). 

We applied the ML-based guidelines and compared their performance on the same external 

validation set to compare the performance among the current, alternative, and ML-based guidelines. 

After selecting our final participants, we further stratified them by injury severity and specific injury 

types (e.g., traumatic brain injuries [TBIs], chest injuries, abdominal/pelvic injuries, and extremity 

injuries). 

2.2. Measurement Variables 

The key features selected for predicting intensive care unit (ICU) admission and in-hospital 

mortality included vital signs, such as SBP and DBP, PR, RR, BT, and oxygen saturation (SpO2). 

Moreover, the AVPU scale was used to assess patients’ initial level of consciousness. The injury 

severity score (ISS) was used to classify the severity of injuries. These features were measured twice: 

once during the first fire department assessment and again during the in-hospital assessment. The 

outcomes were analyzed for both ICU admission and in-hospital mortality. 

2.3. Statistical Analysis 

2.3.1. Strategies for Building Alternative Triage Guidelines 

Bayesian optimization was used to identify optimal thresholds and combinations of features for 

triage guideline optimization. This process involved determining specific thresholds (i.e., blood 

pressure below ‘threshold’ indicating severe trauma) and evaluating different feature combinations 

(i.e., both blood pressure and SPO2, or SPO2 alone) to enhance triage guideline performance. We 

derived a new feature by calculating the difference between first-stage fire service measurement 

variables and hospital measurement variables, representing changes in prognostic indicators during 

transport. This derived feature was used to refine the triage guidelines, enabling a more precise and 

systematic classification of patient conditions. The objective function for optimization was defined to 

maximize the F2 score, which prioritizes reducing false negatives (i.e., patients who are under 

triaged). The F2 score was chosen as the primary metric for objective function because it places greater 

weight on recall, which is critical in triage scenarios to avoid underestimating the severity of patients’ 

conditions. The triage guidelines were fine-tuned and validated on separate training (70% of the data) 

and testing datasets (30% of the data) for both age groups, and 5-fold cross validation was used to 

reduce bias and fine-tune the triage guidelines. The F2 score was calculated as follows: 

F2 score =  ((1 + β^2 )  × (Precision × Recall))/(β^2× Precision + Recall)  

2.3.2. Strategies for Building ML-Based Triage Guidelines 

To improve the sensitivity of severe trauma classification, we developed machine learning-based 

triage guidelines using logistic regression models with L1 and L2 regularization, specifically Lasso 

(L1 Norm) and Ridge (L2 Norm) regression. These models were used as baseline models for 

performance comparison due to their simplicity and interpretability. 

In addition to the baseline models, we used a LightGBM model to develop a more sophisticated 

triage guideline.  

This approach aimed to address the limitations of both the current and the alternative triage 

guidelines. While both triage guidelines are intuitive and easy to implement in the field, they rely on 

simple thresholds-based rules, which may over simplify the complexities of trauma and result in 

inaccurate classifications.  

The model development process involved three steps: (1) selecting relevant variables, (2) fine- 

tuning hyper parameters to optimize model performance, and (3) evaluating model performance on 

a validation set before final optimization.  

2.3.3. Performance Evaluation 
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We used multiple performance metrics, including the F2 score, recall, specificity, and precision, 

to evaluate the triage guidelines. Accuracy was not used as the primary metric because of the highly 

imbalanced nature of the target variable (ICU admissions and in-hospital mortality). Instead, the F2 

score was prioritized because it better captures the need to minimize false negatives in a triage 

context. The performance of these triage guidelines in predicting ICU admissions and in-hospital 

mortality was assessed across different patient groups, including those with high ISS (≥16) and 

specific injury types. 

3. Results 

3.1. Baseline Characteristics 

The cohort was classified into two groups: those aged 65 years and older and those younger than 

65 years (Table 1). The average age of the study population was 55.80 ± 23.81 years, with the elderly 

cohort (age ≥65 years) having an average age of 77.71 ± 7.92 years. The SBP at first assessment was 

higher in the elderly cohort (139.49 ± 36.25 mmHg) than in the younger cohort (129.79 ± 28.43 mmHg). 

Moreover, oxygen saturation (SpO2) was notably lower in the elderly cohort (95.81% ± 6.64%) than 

in the younger cohort (97.86% ± 3.78%). 

Table 1. Characteristics of injured patients transported by EMS stratified by age 65 years. 

Demographics 
All  

(n = 274,347) 

Age≥ 65 

(n=116,812) 

Age<65 

(n = 157,724) 

  Age 55.80 ± 23.81 77.71 ± 7.92 39.57 ± 17.92 

  Sex (female)    

First Fire Department Assessment    

   Systolic blood pressure 134.04± 2.45 139.49 ± 36.25 129.79 ± 28.43 

   Diastolic blood pressure 81.13 ± 20.43 81.06 ± 21.89 81.19 ± 19.22 

   Pulse rate 87.69 ± 23.63 84.84 ± 23.34 89.82 ± 23.62 

   Respiratory rate 17.95 ± 4.14 17.78 ± 4.39 18.08 ± 3.94 

   Body Temperature 36.90 ± 0.89 36.91 ± 0.95 36.89 ± 0.83 

   SPO2 96.99 ± 5.30 95.81 ± 6.64 97.86 ± 3.78 

 1st AVPU category    

   A 217,450 (89.9%) 88,772 (86.0%)  

   V 9390 (3.9%) 5,486 (5.3%)  

   P 8,708 (3.6%) 5,267 (5.1%)  

   U 6,255 (2.6%)   

In-hospital Assessment    

   Systolic blood pressure 137.07 ± 30.80 144.66 ± 32.76 131.31 ± 27.88 

   Diastolic blood pressure 79.24 ± 17.41 78.59 ± 17.53 79.73 ± 17.30 

   Pulse rate 87.88 ± 22.43 85.20 ± 20.90 89.85 ± 23.30 

   Respiratory rate 19.58 ± 3.41 19.63 ± 3.56 19.54 ± 3.29 

   Body Temperature 36.80 ± 0.84 36.76 ± 0.89 36.82 ± 0.80 

   SPO2 97.25 ± 3.59 96.59 ± 4.24 97.83 ± 2.77 

 2nd AVPU category    

   A 160,011 (89.6%) 65,857 (85.5%) 94,154 (92.6%) 

   V 7,277 (4.1%) 4,351 (5.6%) 2,926 (2.9%) 

   P 6,056 (3.4%) 3,618 (4.7%) 2,438 (2.4%) 

   U 5,319 (3.0%) 3,193 (4.1%) 2,126 (2.1%) 

 Korean Triage and Acuity Scale    

 Injury Severity Score    

ISS>16 8,365 (3.0%) 4,745 (4.1%) 3,620 (2.3%) 

 Type of Discharge    

 Post-Hospitalization Outcomes    
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Home Discharge  55,626 (76.1%) 31,190 (71.4%) 24,435 (83.0%) 

  Transfer to Another Hospital 2,017 (2.8%) 1,085 (2.5%) 932 (3.2%) 

General Ward Admission 8,597 (11.8%) 6,224 (14.3%) 2,373 (8.1%) 

ICU Admission 6,651 (9.1%) 5,047 (11.6%) 1,604 (5.5%) 

  Other Ward Admission 54 (0.1%) 14 (0.0%) 40 (0.1%) 

FD: Fire Department. 

3.2. Alternative Guidelines 

We developed age-specific alternative guidelines for elderly trauma patients using an ML 

approach. The following are the key variables: 

 SBP < 106 mmHg 

 SpO2 < 91% 

 RR < 8 or >22 breaths per minute 

 PR  <52 beats per minute 

 Decreased level of consciousness categorized as “V or below” (V, P, and U on the AVPU 

scale) 

 Sudden change in consciousness level from alert (A) to unresponsive (U) 

 Blood pressure variability ≥60 mmHg 

 Marked decrease in the PR of ≥44 beats per minute 

3.3. Prediction for ICU Admission 

The alternative triage guidelines outperformed the current guidelines for predicting ICU 

admissions, particularly in elderly patients (age ≥ 65 years). As shown in Table 2, the alternative 

guidelines achieved a sensitivity and specificity of 0.728 and 0.693 for elderly patients, respectively, 

compared with the best performing current guidelines, which achieved a sensitivity and specificity 

of 0.541 and 0.84, respectively. Although the alternative guidelines demonstrated slightly lower 

precision (0.210), they provided a better balance by minimizing under triage while effectively 

managing over triage rates. Among younger patients (age < 65 years), the sensitivity of the alternative 

guidelines was 0.664, which is 16.7 percentage points higher than the best-performing current 

guideline (0.497). The specificity remained stable at 0.707, helping maintain a balance between over-

triage and under-triage. While precision was slightly lower, the alternative guidelines demonstrated 

an overall improvement in patient selection compared to the current guidelines. 

Table 2. Comparative Accuracy of Alternative Triage Guidelines Versus Current Guidelines in Predicting ICU 

admission and post-hospitalization mortality among patients aged 65 and older. 

Target ICU admission 

 Training set (n=66,555) Test set (n=28,407) 

All, 

age≥65 

Current  

triage  

Guideline

11 

Current  

triage  

Guideline 

22 

Current  

triage 

Guidelines 

33 

Alternati

ve  

triage 

guidelin

e 

Light 

GBM 
Lasso 

Current  

triage 

Guideline

1 

Current 

triage 

guidelin

e2 

Current  

triage  

guidelin

e3 

Alternati

ve  

triage 

guidelin

e 

Light 

GBM 
Lasso 

Sensitivit

y 
0.394 0.470 0.544 0.734 0.798 0.71 0.397 0.461 0.541 0.728 0.787 0.696 

Specificity 0.893 0.887 0.838 0.693 0.697 0.701 0.892 0.887 0.84 0.693 0.699 0.704 

Precision 0.291 0.317 0.274  0.211 0.228 0.210 0.292 0.314 0.275 0.210 0.227 0.209 

F1 Score 0.335 0.379 0.364 0.328 0.354 0.324 0.336 0.373 0.365 0.326 0.353 0.322 

F2 score 0.368 0.429  0.454 0.491 0.531 0.481 0.370 0.422 0.453 0.487 0.527 0.475 

Accuracy 0.843 0.845 0.809  0.697 0.707 0.702 0.842 0.844 0.81 0.696 0.708 0.704 

Target Post-hospitalization mortality 

 Training set (n= 24,815) Test set (n=10,604) 
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All, 

age≥65 

Current  

triage  

Guideline

11 

Current  

triage  

Guideline 

22 

Current  

triage 

Guidelines 

33 

Alternati

ve  

triage 

guidelin

e 

Light 

GBM 
Lasso 

Current  

triage 

Guideline

11 

Current 

triage 

guidelin

e2 

Current  

triage  

guidelin

e3 

Alternati

ve  

triage 

guidelin

e 

Light 

GBM 
Lasso 

Sensitivit

y 
0.437 0.513 0.600 0.812 0.803 0.738 0.471 0.503 0.599 0.815 0.812 0.74 

Specificity 0.816 0.787 0.727 0.537 0.699 0.695 0.816 0.789 0.729 0.539 0.702 0.695 

Precision 0.212 0.214 0.200 0.166 0.232 0.215 0.223 0.211 0.199  0.165 0.234 0.214 

F1 Score 0.286 0.302 0.300 0.276 0.3 0.333 0.303 0.297 0.298 0.275 0.363 0.332 

F2 score 0.361 0.401 0.428 0.457 0.538 0.497 0.385 0.394 0.427 0.456 0.543 0.496 

Accuracy 0.777  0.759 0.714 0.565 0.709 0.699 0.781 0.760 0.716 0.567 0.713 0.700 

1) using First Fire Department Assessment variables. 2) using In-hospital Assessment 3) criteria are meeting 

either 1) or 2) exceeds the threshold. 

3.4. Prediction for In-Hospital Mortality 

The alternative guidelines demonstrated higher sensitivity and balanced specificity for 

predicting in-hospital mortality among elderly patients. As shown in Table 2, the sensitivity 

improved to 0.815 compared with 0.599 under the current guidelines, whereas the specificity was 

maintained at 0.539. In younger patients (age < 65 years), the sensitivity and specificity improved to 

0.828 and 0.593, respectively. These findings underscore the robustness of the alternative guidelines 

across age groups in addressing mortality risks (Table 3). 

Table 3. Comparative Accuracy of Alternative Triage Guidelines Versus Current Guidelines in Predicting ICU 

admission and post-hospitalization among patients under 65 years old. 

Target ICU admission 

 Training set (n=86,120) Test set (n=37,026) 

All, 

age<65 

Current 

triage  

guideline 

11) 

Current 

triage  

guidelin

e22) 

Current 

triage 

 

guidelines 

3 

Alternati

ve  

triage 

guideline

s  

Light 

GBM 
Lasso 

Current 

triage  

guideline 

1 

Current 

triage  

Guidelin

e 2  

Current 

triage 

 

guideline

s 3 

Alternativ

e triage 

guidelines  

Light 

GBM 
Lasso 

Sensitivit

y 
0.353 0.414 0.486 0.657 0.881 0.766 0.356 0.428 0.497 0.664 0.865 0.746 

Specificit

y 
0.932 0.934 0.897 0.707 0.699 0.701 0.932 0.933 0.896 0.707 0.7 0.703 

Precision 0.206 0.238 0.191 0.101 0.127 0.113 0.208 0.241 0.193 0.101 0.126 0.111 

F1 Score 0.26 0.303 0.274 0.174 0.223 0.197 0.263 0.309 0.278 0.176 0.22 0.194 

F2 score 0.309 0.361 0.371 0.312 0.403 0.356 0.312 0.371 0.378 0.315 0.397 0.348 

Accurac

y 
0.904 0.909 0.878 0.704 0.707 0.704 0.905 0.909 0.877 0.705 0.708 0.705 

Target Post-hospitalization mortality 

 Training set (n=15,435) Test set (n=6,646) 

All, 

age<65 

Current 

triage  

guideline 

11) 

Current 

triage  

guidelin

e22) 

Current 

triage 

 

guidelines 

3 

Alternati

ve  

triage 

guideline

s  

Light 

GBM 
Lasso 

Current 

triage  

guideline 

11) 

Current 

triage  

guideline 

22) 

Current 

triage 

 

guideline

s 3 

Alternativ

e triage 

guidelines  

Light 

GBM 
Lasso 

Sensitivit

y 
0.414  0.523 0.587 0.802 0.939 0.801 0.448 0.597 0.655 0.828 0.941 0.821 

Specificit

y 
0.855 0.844 0.791 0.595 0.695 0.697 0.861  0.846 0.796 0.593 0.706 0.71 
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Precision 0.11 0.127 0.109 0.079 0.118 0.103 0.128  0.151 0.128 0.085 0.128 0.114 

F1 Score 0.174 0.205 0.312 0.144 0.21 0.183 0.199 0.24 0.214 0.154 0.225 0.201 

F2 score 0.267 0.322 0.183 0.284 0.393 0.34 0.299 0.375 0.359 0.301 0.414 0.367 

Accurac

y 
0.836 0.831 0.782 0.603 0.705 0.702 0.843 0.836 0.79 0.603 0.716 0.715 

3.5. Subgroup Analysis by Injury Severity and Type 

3.5.1. High ISS (> 16) 

In elder patients with high ISS, the alternative guidelines showed superior performance for 

predicting ICU admission, achieving a sensitivity and specificity of 0.46 and 0.827 for elderly patients, 

respectively. These values represent a significant improvement over the current guidelines, which 

had a sensitivity of 0.376 (Supplementary Table 1). However, specificity was slightly lower at 0.827, 

compared to 0.94 in the best-performing current guideline. F1 Score and accuracy were also 

improved, indicating better identification of high-risk elderly trauma patients requiring ICU 

admission. For in-hospital mortality prediction: the alternative guidelines effectively improved 

sensitivity, ensuring that fewer critically ill elderly patients were under-triaged. Supplementary 

Table 2 presents the results for younger patients (<65 years) with ISS > 16. The sensitivity of the 

alternative guidelines for ICU admission prediction was 0.642, which is 17.9 percentage points higher 

than the best-performing current guideline (0.463). However, specificity decreased to 0.72, compared 

to 0.903 in the best-performing current guideline. Similar trends were observed in in-hospital 

mortality prediction, where the alternative guidelines achieved a sensitivity of 1.0, outperforming all 

current guidelines, but at the expense of specificity. 

3.5.2. TBIs 

Among elderly patients with TBIs, the alternative guidelines achieved a sensitivity and 

specificity of 0.48 and 0.845, outperforming the current guidelines, which had a sensitivity and 

specificity of 0.409 and 0.936, respectively. Moreover, the sensitivity of the alternative guidelines in 

predicting in-hospital mortality within the TBI subgroup improved to 0.825, indicating enhanced 

predictive capacity for critical outcomes (Supplementary Table 3). Among elderly patients with TBIs, 

the alternative guidelines achieved a sensitivity and specificity of 0.48 and 0.845, outperforming the 

current guidelines, which had a sensitivity and specificity of 0.409 and 0.936, respectively. Moreover, 

the sensitivity of the alternative guidelines in predicting in-hospital mortality within the TBI 

subgroup improved to 0.825, indicating enhanced predictive capacity for critical outcomes 

(Supplementary Table 3). Supplementary Table 4 presents the results for younger patients (<65 years) 

with TBI. The sensitivity of the alternative guidelines for ICU admission prediction was 0.645, which 

is 12.9 percentage points higher than the best-performing current guideline (0.516). However, 

specificity decreased to 0.787, compared to 0.922 in the best-performing current guideline. In in-

hospital mortality prediction, the sensitivity of the alternative guidelines reached 1.0, outperforming 

all current guidelines, but at the cost of slightly reduced specificity (0.638). 

3.5.3. Chest Injuries 

As shown in Supplementary Table 5, the alternative triage guidelines demonstrated improved 

performance in predicting ICU admission among elderly patients (≥65 years) with chest injuries. The 

alternative triage guideline achieved a sensitivity of 0.278, which is higher than the best-performing 

current guideline (0.167), meaning that it better identifies high-risk patients requiring ICU admission. 

However, specificity dropped to 0.883, compared to 0.973 in the best-performing current guideline, 

leading to more false positives. From Supplementary Table 6, the test set results for ICU admission 

prediction in younger patients with chest injuries show that alternative guideline significantly 

improved sensitivity to 0.696. However, specificity decreased to 0.835, compared to 0.965 in the best-

performing current guideline, meaning a higher false positive rate. 
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3.5.5. Abdominal Pelvic Injury 

From Supplementary Table 7, the test set results for ICU admission prediction in elderly patients 

with abdominal pelvic injuries show that the alternative triage guideline significantly improved 

sensitivity to 0.5, compared to 0.125 in all current guidelines, indicating better identification of 

critically severe patients. Supplementary Table 8, the test set results for ICU admission prediction in 

younger patients with abdominal pelvic injuries show the increased sensitivity in alternative 

guideline to 0.6. 

3.5.6. Extremity Injury Patients 

From Supplementary Table 9, the test set results for ICU admission prediction in elderly patients 

with extremity injuries show hugher sensitivity from alternative triage guideline (0.418) compared to 

the best-performing current guideline (0.327). For in-hospital mortality prediction in elderly patients, 

the alternative guideline achieved sensitivity of 0.471, compared to 0.324 in the best-performing 

current guideline, indicating better mortality detection. However, specificity dropped to 0.834, 

compared to 0.976 in the best-performing current guideline. 

From Supplementary Table 10, the test set results for ICU admission prediction in younger 

patients with extremity injuries show the higher sensitivity among the alternative guideline (0.63) 

compared to 0.38 from the current guideline. Similarily the specificy dropped to 0.733, compared to 

0.936 in the best-performing current guideline, leading to more false positives. 

4. Discussion 

Many countries have established national standards for categorizing trauma patients for transfer 

to trauma centers, aiming to identify those at high risk for post trauma morbidity or mortality, 

maximize medical resource utilization, and minimize under triage rates through ongoing evaluation 

and quality improvement [7,20,21]. However, some patients who are deemed stable upon initial 

assessment or arrival at the ED may rapidly become unstable or die. Compared with younger 

patients, elderly patients have a less robust physiological response to physical stress, but their trauma 

severity and impairment are often underestimated [22,23]. The factors that contribute to undertriage 

include the lack of expected physiological responses (e.g., increased heart rate or decreased blood 

pressure), which could be because of physiological changes or chronic medications [14–18].  For 

example, beta-blockers that are used in hemorrhagic shock can diminish the standard compensatory 

heart rate increase. Similarly, baseline hypertensive patients may exhibit relative hypotension 

without meeting the hypotensive criteria. These conditions can lead to an underestimation of injury 

severity and delay the necessary aggressive treatment. Various reports suggest that up-triaging 

elderly patients is effective in reducing mortality and morbidity [10,23–25]. 

In South Korea, severe trauma cases must be transported to regional emergency medical centers 

based on specific physiological criteria, including Glasgow Coma Scale scores below 13, SBP below 

90 mmHg, and abnormal RRs [26].  Research shows that the current triage guidelines present an ICU 

admission sensitivity and specificity of 0.394 and 0.893 for patients aged 65 years and older, with an 

in-hospital mortality sensitivity and specificity of 0.437 and 0.816, respectively. The alternative triage 

guidelines, which were optimized using ML algorithms, demonstrated superior performance in 

predicting ICU admissions and in-hospital mortality compared with the current guidelines, 

particularly for elderly patients whose physiological responses and injury presentations can 

significantly differ from those in the younger populations. This underscores the need for age-specific 

guidelines for elderly patients. Our study suggests that improving the identification of high-risk 

elderly patients in emergencies is possible through an age-specific alternative guideline based on 

objective physiological indicators using an ML approach. Considering that the current triage system 

is designed for all age groups, the age-specific guideline aims to avoid excessive complexity while 

remaining practical for field use. 

Previous studies have highlighted that the standard adult field triage criteria have a low 

sensitivity for elderly trauma patients [23–25]. More moderate criteria, including a higher SBP 
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threshold, have been shown to increase the sensitivity for trauma center needs and transport. For 

example, increasing the SBP cutoff from 90 mmHg to 110 mmHg reduced the undertriage rate from 

6.9% to 3.2%. The predictors in the present study—age, SBP, consciousness level, and oxygen 

saturation—were selected based on clinical relevance and statistical validation to optimize accuracy 

while maintaining ease of use. Moreover, we proposed a model that is capable of predicting rapid 

changes in severity by incorporating a second set of measurements to assess changes in patient status. 

The alternative guidelines achieved an ICU admission prediction sensitivity and specificity of 0.728 

and 0.693 and an in-hospital mortality prediction sensitivity and specificity of 0.815 and 0.539, 

respectively. For younger patients, the alternative guidelines’ sensitivity and specificity for predicting 

in-hospital mortality were 0.828 and 0.593, respectively, demonstrating the model’s effectiveness. 

Our findings, supported by recent studies, suggest methods to better identify elderly patients 

with high-risk injuries. ML models offer a promising approach to refine triage guidelines, potentially 

leading to more effective decisions and improved patient outcomes. We can better identify those 

requiring urgent and specialized care by focusing on the unique characteristics of elderly patients. 

Our results demonstrate that up-triage guidelines should include age-specific criteria. Moreover, 

implementing ML-based models in clinical practice could enhance decision-making processes and 

reduce the risk of undertriage. In addition, ongoing training and education for emergency responders 

and medical personnel on the specific needs of elderly trauma patients are crucial. Although this 

study is innovative as it integrated fire department and hospital data, it is limited to patients with 

matching records between the two sources, potentially introducing bias. Although comprehensive, 

the dataset is specific to Seoul and may not fully represent trauma care in other regions. However, 

integrating prehospital and in-hospital data represents a significant advancement in trauma care 

research, providing a more holistic view of patient management from injury to hospital admission. 

Although we aimed to reflect ISS as an indicator of injury severity, the limited number of 

measurements prevented its inclusion in the alternative guidelines and showed no difference in 

sensitivity and specificity compared with the current guidelines. The age-specific alternative 

guideline, which was developed using an ML approach, may not fully capture age-related differences 

in real-world applications. Prospective evaluation and review in actual hospital settings are necessary 

for validating these guidelines. Furthermore, although ML models show promise, continuous 

validation and adjustment are needed to ensure effectiveness in diverse clinical scenarios. 

5. Conclusions 

This study highlights the critical need for age-specific triage guidelines to improve the 

management of elderly trauma patients. Our findings demonstrate that traditional triage criteria may 

be inadequate in identifying high-risk elderly patients, leading to potential undertriage and delayed 

treatment. By developing and evaluating alternative triage guidelines using machine-learning 

techniques, we have shown that these new guidelines offer improved sensitivity and specificity in 

predicting ICU admissions and posthospitalization mortality for elderly patients. The accuracy of 

triage decisions for elderly trauma patients can be improved by considering age-specific triage 

guidelines and leveraging ML approaches. Moreover, this shift has the potential to enhance patient 

outcomes, reduce mortality and morbidity, and optimize the use of medical resources 
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Abbreviations 

AVPU Alert, Verbal, Pain, Unresponsive 

BT Body Temperature 

ED Emergency Department 

EMS Emergency Medical System 

DBP Diastolic Blood Pressure 

FD Fire Department 

ICU Intensive Care Unit 

IN In-Hospital 

ISS Injury Severity Score 

ML Machine-Learning 

SBP Systolic Blood Pressure 

SpO2 saturation of partial pressure oxyge 

TBIs Traumatic Brain Injuries 
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