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Abstract

: In modern warfare characterized by high-velocity
weapons, explosive devices, and missile attacks, the large number of casualties can
overwhelm medical infrastructures far beyond their operational capacity. In recent
years, there has been growing interest in the application of artificial intelligence
(Al) to improve the efficiency and effectiveness of healthcare delivery. Therefore,
this systematic review aims to evaluate the effectiveness, challenges, and future
directions of Al in casualty triage by synthesizing the existing evidence.

. In this systematic review, English-language articles were
searched in PubMed, Scopus, Web of Science, Embase, IEEE Xplore, and the
Cochrane Library using the keywords “Artificial Intelligence,” “Triage,” “Armed
Conflict,” and their related terms, covering the period from 2015 to 2025. English-
language observational studies, clinical trials, modeling studies, and algorithm-
development research that examined the use of Al in military triage or analogous
conflict-related settings were included. After duplicate removal using Rayyan.ai, a
total of 189 articles were screened by title, abstract, and full text. Ultimately, 17
studies were included. Screening was performed independently by two reviewers,
and discrepancies were resolved through consensus. Study quality was evaluated
using CASP tools, and the selection process was reported according to the
PRISMA flow diagram.

: Among the 17 included studies, Al was primarily applied through
machine-learning algorithms (such as Random Forest and XGBoost) and deep-
learning methods in military triage and war-related crisis environments. Models
based on vital signs demonstrated high accuracy in predicting massive transfusion
requirements (AUC 0.98-0.987), detecting shock/hypovolemia (sensitivity up to
94%), and identifying the need for life-saving interventions (AUC 0.81). In
medical imaging, YOLOv3/v7 and U-Net models improved the detection and
segmentation of shrapnel/foreign bodies, achieving an mloU of 0.73 and high
diagnostic precision. Large language models (LLMs) such as ChatGPT and Google
Bard showed 60-64% accuracy when applying START protocols in simulated
mass-casualty incidents (MCIs), although they exhibited limited reproducibility
and strong dependence on prompting. Overall, Al substantially enhances the
accuracy and speed of triage; however, most studies rely on laboratory or
simulated datasets, highlighting the need for real-world field validation.

: The responsible and ethical implementation of these technologies can
significantly increase the speed, objectivity and accuracy of triage decisions. This
is especially important in critical and short-term war situations, where large
numbers of casualties can quickly overwhelm traditional medical systems.
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INTRODUCTION

Triage in trauma, particularly in wartime
conditions, involves prioritizing  injured
individuals based on injury severity and
resource availability, serving as a cornerstone
of emergency medical response in conflict
zones and mass casualty incidents (MCls). In
modern warfare, characterized by high-velocity
weapons, explosives, and missile attacks, the
volume of casualties can overwhelm medical
infrastructure. Traditional triage protocols like
Simple Triage and Rapid Treatment (START)
and Sort, Assess, Lifesaving Interventions,
Treatment/Transport (SALT) rely on manual
vital sign assessments and clinical judgment,
which are prone to human error in high-stress,
resource-limited environments. Studies report
undertriage rates up to 28.13%, leading to
delays in critical care, especially for
hemorrhage-related injuries accounting for 20-
40% of battlefield deaths.

Recent advancements in artificial intelligence
(Al), including machine learning (ML), deep
learning, and large language models (LLMs),
offer potential to enhance triage speed,
accuracy, and objectivity. Al applications in
military triage stem from investments by major
powers to maintain battlefield superiority,
integrating unmanned systems for remote
assessment and casualty evacuation. This
systematic review evaluates Al’s role in
wartime triage, focusing on effectiveness,
challenges, and future directions, with
relevance to conflicts like the 12-day Iran-
Israel war in June 2025, which resulted in over
3,500 injuries and 430 deaths amid disrupted
infrastructure and misinformation. Objectives
include mapping Al technologies for casualty
prioritization, assessing outcomes on survival
rates and efficiency, identifying ethical and
operational barriers, and providing
recommendations for integration in similar
conflicts.

METHODOLOGY
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This systematic review was conducted in
accordance with the PRISMA 2020 guidelines
and employed the PICO framework: Population
(trauma casualties in wartime or mass-casualty
incidents), Intervention (artificial intelligence—
based algorithms including machine learning,
deep learning, and large language models),
Comparator (conventional triage protocols such
as START and SALT), and Outcomes (triage
accuracy, speed, survival rates, and operational
efficiency). A comprehensive literature search
was performed in PubMed, Scopus, Web of
Science, Embase, and IEEE Xplore from
January 2015 to December 2025 using the
search terms “Artificial Intelligence,” “Triage,”
“Armed Conflict,” and their synonyms. The
review protocol was prospectively registered in
the PROSPERO international prospective
register of systematic reviews under the
identifier CRD420251243119.

Inclusion criteria encompassed observational
studies, trials, modeling, or algorithm
development studies on Al applications in
military triage or similar crises, limited to
English-language  publications.  Exclusion
criteria included reviews, editorials, duplicates,
non-Al triage focus, non-medical aspects, or
inaccessible full texts. Results were managed in
Rayyan.ai for duplication. Initial screening of
titles and abstracts was collaborative among
three authors, followed by full-text review by
two authors. Disagreements were resolved
through discussion or consultation with a third
researcher. A PRISMA flow diagram
documented the process.

Key data extracted included author, vyear,
country, study type, Al technology, application
context (military/civilian), outcomes, and
limitations. Quality and bias risk were assessed
using the Critical Appraisal Skills Programme
(CASP) tool, adapted by study type, with
independent evaluations by two researchers and
resolution by a third.

RESULTS
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The review identified 17  studies
demonstrating Al’s multifaceted applications in
wartime triage, enhancing casualty assessment
and resource prioritization through
physiological monitoring, risk classification,
and imaging analysis.

Al via ML algorithms detects critical
conditions like internal hemorrhage and shock.
For remote hypovolemia assessment, Rickards
et al. (2014) developed an ML algorithm with
73% sensitivity in distinguishing hypovolemia
from exercise-induced changes. Nemeth et al.
(2021) applied ML for shock detection in
military casualties, supporting tactical care
decisions. Lammers et al. (2022) used Random
Forest (RF) ML to predict massive transfusion
needs with 94% accuracy and AUC 0.98.
Stallings et al. (2023) validated APPRAISE-
HRI, an Al tool yielding a 5.75 likelihood ratio
for high-risk hemorrhage. Weidman et al.
(2025) created a hybrid ML model predicting
lifesaving interventions (AUC 0.81). Senda et
al. (2022) developed THETA for hybrid
operating room needs (AUC 0.59).

Image-based Al aids in detecting hidden
injuries. Snider et al. (2022) evaluated
YOLOv3 for shrapnel detection via ultrasound
(mloU 0.73). Holland et al. (2024) compared
YOLOvV7 and U-Net, with U-Net superior for
segmentation and proximity assessment to
neurovascular structures.

In specific populations and MCIs, Al shows
promise. Gan et al. (2024) compared LLMs:
Google Bard (60% accuracy) outperformed

ChatGPT (26.67%) in START triage
simulations. Franc et al. (2024) reported
ChatGPT's 63.9% accuracy with 32.9%

overtriage. Lammers et al. (2024) used RF for
pediatric warzone mortality prediction (AUC
0.97). Potter et al. (2019) employed Bayesian
Belief Networks for fungal infection risk (AUC
0.70-0.68). Bai et al. (2024) introduced GRU-
Informer deep learning for prehospital triage
(F1 score 0.911). Xu et al. (2024) validated ML
tools with 73% sensitivity for priority patients.

For CBRNE incidents, Nanini et al. (2024)
tested ML models (e.g., XGBoost, LSTM) for
hypoxemia severity (high accuracy). Achkoski
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et al. (2017) proposed a fuzzy logic algorithm
correlating 0.928 with physician decisions.
Advantages include high predictive accuracy
(e.g., AUC > 0.9 in transfusion models) and
rapid data processing. Limitations encompass
reliance on simulated data, data quality issues,
generalizability  challenges, and ethical
concerns like black-box interpretability.

DISCUSSION

Al’s implications are evident in short, intense
conflicts like the 2025 Iran-Israel war, where
missile and drone strikes caused mass
casualties and infrastructure disruptions. Al
enables rapid hemorrhage detection and
resource allocation, reducing undertriage and
supporting remote triage amid misinformation.
Operational integration faces challenges such
as real-world validation in  chaotic
environments, data incompleteness, and ethical
issues (e.g., accountability in life-or-death
decisions). Opportunities include augmenting
human  capabilities, enhancing training
simulations, and post-conflict analysis for
protocol refinement. Future efforts should
prioritize explainable Al, diverse datasets, and
collaborations between military medicine and
Al developers to ensure robustness against
adversarial attacks and biases.
CONCLUSIONS

Responsible Al implementation can
significantly enhance triage speed, objectivity,
and accuracy in wartime, crucial for
overwhelming scenarios like MCIs. While
promising in  physiological  monitoring,
imaging, and specialized contexts, Al requires
rigorous real-world testing, improved data
quality, and ethical frameworks to address
limitations. In conflicts akin to the 12-day war,
Al could optimize resource use, reduce
mortality, and transform casualty care.
Ongoing interdisciplinary collaboration is
essential to harness Al for humanitarian
outcomes.
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