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ABSTRACT

AIMS: In war-torn areas, triage systems face challenges such as the destruction of healthcare
infrastructure (72% in Gaza, 2023), resource shortages, and ongoing security threats that negatively
impact their efficiency and effectiveness. This situation results in reduced patient survival rates,
ethical dilemmas, and limitations in the application of new technologies. This study aimed to
provide evidence-based solutions to improve the management of triage systems in war-torn areas,
focusing on regional differences, ethical challenges, and technological solutions in the wars in Gaza,
Yemen, and Ukraine, to help increase the effectiveness, efficiency, and equity of health care delivery
in humanitarian crises.

MATERIALS AND METHODS: This narrative review was conducted by analyzing secondary data
from the wars in Gaza, Yemen, and Ukraine (2015-2024). Quantitative data (survival rate, triage
time) were extracted from WHO/ICRC reports and PubMed articles. Qualitative data included
interviews with medical staff and content analysis of field reports. New technologies (artificial
intelligence, VR) were evaluated using purposive sampling. Analyses were conducted using a SWOT
framework and a descriptive-analytical approach.

FINDINGS: Survival rates in Ukraine (78.5%) were higher than in Gaza (51.2%), which is due to
better infrastructure and international cooperation. Local systems in Yemen need standardization.
Ethical dilemmas, such as decision-making based on the chance of survival, were reported in 68%
of cases. The use of Al in Ukraine reduced triage time by 40%, but in Gaza, it was limited due to
power outages. It was suggested to develop protocols based on START and TCCC and to establish
strategic reserves of triage Kkits.

CONCLUSION: Improving triage systems requires multifaceted policymaking, encompassing
enhancements to infrastructure, the strategic use of technology, and the resolution of ethical
dilemmas. International cooperation and standardization of indigenous systems are essential. New
technologies such as artificial intelligence and VR play an important role in reducing operation
times and training forces. The development of comprehensive protocols and strategic reserves
should be on the agenda, and the future should focus on the impacts of climate change and the
ethical aspects of new technologies.
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INTRODUCTION

In conflict-affected areas, health systems are facing
unprecedented challenges that severely reduce
their resilience and disrupt access to essential
services [1]. In these difficult circumstances, the
proper management of medical care, especially
in the surgical setting with limited resources,
is crucial, and medical staff also suffer severe
psychological stress [3, 2]. This situation highlights
the urgent need for effective triage protocols,
especially in asymmetric warfare [4, 5].
According to the World Health Organization
[6], in contemporary armed conflicts, including
those in Gaza, Yemen, and Ukraine, more than
70% of civilian deaths are due to delays in
receiving critical medical care. These delays are
primarily due to three key factors: the deliberate
destruction of medical infrastructure, disruption
of medical supply chains, and inadequate access
to safe medical facilities. In Gaza, the widespread
destruction of health infrastructure, including
the destruction of 34 out of 36 hospitals in
2023, has played a significant role in reducing
the ability to respond to urgent patient needs.
In addition, disruptions in the supply chain of
medical equipment and medicines have posed
serious challenges to the effective use of health
facilities, above all. In addition, physical and
security barriers, including inadequate access
to health facilities, have impacted the provision
of health services in conflict areas, resulting
in significant delays in the delivery of vital
interventions. Overall, these factors indicate an
urgent need for effective strategies to address the
deterioration of infrastructure and improve the
quantity and quality of health services in conflict-
affected areas, designed and implemented with
the aim of reducing the number of deaths due
to delays in medical care. This medical crisis has
multidimensional and profound humanitarian
and operational consequences that require urgent
attention and response. One of the most important
consequences is the collapse of the health system,
which has reduced hospital capacity by up to 80%
in some areas, such as Syria. In addition, the level
of stress and psychological strain on medical staff
has increased significantly; according to reports
from the charity Doctors Without Borders [3],
about 60% of doctors in war Zonese areas suffer
from post-traumatic stress disorder (PTSD),
which affects the quality and effectiveness of
medical care and increases the risk of burnout and
job abandonment. In addition to these problems,
the intensification of secondary crises, such as
the spread of infectious diseases in areas where
preventive services have been severely disrupted,
is another devastating consequence of this
situation, which can cause widespread mortality
and morbidity in affected populations. Therefore,
this situation requires the establishment of
comprehensive and effective strategies to
strengthen the health system, support human
resources, and strengthen preventive measures in

crisis-affected areas.

Triage in war environments is a very complex
and challenging process that is fundamentally
different from the common triage criteria in
normal conditions. One of the most obvious
differences is the very high volume of casualties
that we often encounter in war zones, while in
normal conditions, the number of casualties is
more limited, and their management is easier. In
addition, the type of injuries in war environments
is very diverse and combined, including trauma,
burns, and multiple infections, which require
multifaceted analysis and treatment; while in
conventional triage, injuries are often single-factor
and focused on one type of lesion. On the other
hand, the limitations in war triage are mainly
due to continuous security threats and adverse
conditions, which make it difficult to carry out
relief operations and make urgent decisions, while
in stable and normal conditions, these limitations
are largely eliminated, and the conditions are
ready for carrying out natural and planned medical
operations. These differences demonstrate that
triage in war environments requires flexible,
rapid, and multifaceted approaches to best
respond to large and complex crises. In today’s
world, armed conflicts and civil strife continue to
cast a heavy shadow over the lives of millions of
people. Regardless of the political and economic
dimensions of these crises, one of the most
disastrous consequences of war is the destruction
of critical infrastructure, especially health and
medical infrastructure. This destruction not only
deprives access to essential services but also
places additional pressure on medical personnel
and leads to ethical and operational challenges
in the field of triage and providing services to the
injured. This article examines these dimensions
of the humanitarian crisis, drawing on evidence
and data from war Zones such as Gaza, Yemen, and
Syria. The intentional or unintentional destruction
of health infrastructure is one of the most striking
features of contemporary conflicts. According to
a 2023 report by the World Health Organization
(WHO), the destruction of 72% of Gaza’s hospitals
has led to an 80% reduction in surgical capacity
[6]. This shocking statistic illustrates the depth of
the disaster. In Yemen, the situation is even worse;
65% of health facilities are either destroyed or
severely under-equipped [7]. These shortages
not only limit the provision of basic services but
also lead to increased deaths from preventable
and treatable diseases. The destruction of health
infrastructure creates a chain of problems that
ultimately endanger the health and survival of the
civilian population.

In such situations, the process of triage, i.e.,
prioritizing patients based on the severity of
their injuries and need for treatment, becomes
even more important. However, research shows
that conventional triage systems face serious
limitations in war environments. Research
conducted by Parker (2021) in Syria shows that
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conventional triage systems (such as START) have
a diagnostic error rate of up to 40% in asymmetric
warfare [4]. These errors can lead to inappropriate
allocation of resources and, as a result, the death
of patients who could have been saved if they
had received timely treatment. Furthermore, a
study conducted by Doctors without Borders
(MSF) in Gaza in 2023 reported that 68% of triage
decisions were influenced by resource constraints
[3]- This means that medical staff are forced to
make difficult decisions, often based on a lack
of resources rather than on the actual needs of
patients. This not only places a heavy moral burden
on healthcare workers but can also lead to long-
term psychological harm. The psychological stress
experienced by healthcare workers in war zones is
another overlooked dimension of this crisis. 60%
of doctors in war zones show symptoms of PTSD
(post-traumatic stress disorder) [3]. This statistic
reflects the enormous amount of psychological
stress experienced by healthcare workers in
these situations. Constant exposure to harrowing
scenes, lack of facilities, difficult decision-making,
and fear of danger are all factors that can lead to
the development of PTSD, depression, anxiety, and
other psychological problems. In addition, the rate
of burnout among nurses in war zones is three
times the global average [8]. This burnout not only
affects the mental and physical health of nurses,
but can also lead to a decrease in the quality of
service and an increase in the likelihood of errors
in treatment.

In recent years, efforts have been made to use new
technologies, especially artificial intelligence, to
improve the triage process and the provision of
health services in war zones. For example, the use
of artificial intelligence in Ukraine reduced triage
time by 40% [9]. This technology can help medical
staff make quick and accurate decisions by quickly
analyzing data and identifying patterns. However,
in areas such as Gaza, due to power outages and
a lack of communication infrastructure, the use
of artificial intelligence faces serious limitations,
and triage time has only been reduced by 15%
[9]. This shows that technology alone cannot be
a complete solution to existing challenges and
requires appropriate infrastructure and provision
of necessary infrastructure. Asymmetric warfare,
a complex and multifaceted phenomenon, has
created new challenges in the fields of crisis
management and health care. While existing
protocols, such as START and TCCC, are primarily
designed for symmetric warfare or non-combat
incidents, they face limitations when faced with
the complexities and unique circumstances of
asymmetric warfare. These limitations reveal
significant knowledge gaps in this area thatrequire
closer attention and investigation. One of the most
important of these gaps is the failure of existing
protocols to adapt to the fluid and unpredictable
nature of asymmetric warfare. Current protocols
often focus on physical triage and neglect the
psychological and social dimensions of the
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injured. While asymmetric warfare not only
causes widespread physical damage, it also leaves
profound psychological effects on the communities
and individuals involved. Therefore, the need
for flexible protocols that combine physical and
psychological triage is increasingly felt. These
protocols should be able to cover the complex and
diverse needs of victims in asymmetric wars more
comprehensively.

In addition, the lack of studies on the resilience
of health systems in war situations is another
significant knowledge gap in this area. Studies
show that only a small percentage of studies have
addressed strategies for strengthening health
infrastructure in protracted wars. Meanwhile,
asymmetric wars often lead to long-term sieges,
which put health systems under double pressure.
In such situations, maintaining the efficiency
and continuity of health and medical services
is essential. Therefore, the need for operational
models to maintain the efficiency of health systems
in protracted sieges is crucial. These models
should provide solutions to deal with resource
shortages, infrastructure destruction, and other
challenges arising from prolonged sieges.
Neglecting the psychological dimensions of triage
is another aspect that is neglected in existing
protocols. Studies show that the vast majority
of protocols lack components for assessing the
mental health of relief forces. This is while relief
forces on the front lines of asymmetric wars
face difficult and stressful conditions that can
affect their mental health. Therefore, the need
to integrate psychological criteria into combat
triage systems is undeniable. These criteria must
be able to identify the psychological problems of
relief forces promptly and prevent the occurrence
of more serious complications. Technology-based
limitations are also another challenge facing
crisis management in asymmetric wars. Artificial
intelligence studies have mainly been conducted
in stable environments, and their application in
war situations faces limitations. In war situations,
power and internet outages are common, which
can disrupt the efficiency of artificial intelligence
systems. Therefore, the need to develop systems
that are resistant to power and internet outages is
essential. These systems must be able to continue
operating in critical situations and despite
infrastructure limitations.

This study aims to fill the above knowledge
gaps and aims to take an effective step towards
improving crisis management and health
service delivery in war situations by providing a
combined triage protocol (physical-psychological)
appropriate for asymmetric warfare, designing
a health system resilience framework focusing
on long-term sieges, integrating psychological
screening tools into the triage process, and
proposing technologies that are less dependent on
infrastructure (such as offline Al systems).
For example, Alkhaldi’'s (2024) study shows
that Yemeni indigenous systems, despite their

w
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limitations, have acted faster than START. This
suggests that local protocols can be a good model
for developing new frameworks. By modeling
these systems and integrating them with existing
knowledge and experiences, protocols can
be designed that are specifically suitable for
asymmetric warfare situations.

This study focuses on three key innovations
to address the challenges of wartime crisis
management. First, the integration of intelligent
systems and the use of damage prediction
algorithms based on past battle data enable rapid
and accurate identification of potential problems
at an early stage and help improve rapid decision-
making. Next, a hybrid protocol, which combines
standard methods such as TCCC and indigenous
methods such as traditional medicine in bleeding
control, is presented with the aim of increasing
the effectiveness and adaptability of treatment
measures in diverse and difficult conditions.
Finally, training platforms based on virtual
reality (VR) technology enable the simulation of
operational conditions in different and complex
environments, which enhances the skills and
readiness of relief teams in times of crisis. These
three innovations simultaneously provide new
and integrated strategies to effectively deal with
the complex challenges of the health system in
wartime crises.

MATERIALS & METHODS

This narrative review study aimed to provide

evidence-based strategies for improving the

management of triage systems in conflict-affected

areas, based on secondary data analysis from the

wars in Gaza, Yemen, and Ukraine (2015-2024).

The approach of this study was a combination of

quantitative and qualitative data analysis and used

a SWOT framework and a descriptive-analytical

approach to examine the findings.

1. Literature and Reference Search

e Databases: A comprehensive search was

conducted in reputable scientific databases
including PubMed, Scopus, Web of Science,
Google Scholar, as well as official reports
of international organizations such as
WHO (World Health Organization), ICRC
(International Committee of the Red Cross),
and MSF (Doctors Without Borders) [1-11]
(Table 1).

Table 1) Databases and information sources

Organization Data type Time period

Statistics on the destruction of

WHO (World . . .
Health hospitals al’.ld llles!th 11}1frastrul(;ture 13 2024-2015
Organization) war zones, including the number an
condition of infrastructure
ICRC Triage protocols, operational
(International guidelines, field relief measures, .
Committee of and ethical and practical 2024-2020
the Red Cross) recommendations
M redecns  Feldepery aperatonal s,
Sans p P , 2024-2011

realistic challenges in humanitarian

Frontieres) operations

Keywords: The following Persian and

English keywords were used in combination

for the search: “Military Triage”, “Conflict

Zones Health Crisis”, “Emerging Technologies

& Al”, “Medical Ethics & Standardization”,

“Disaster Management & Relief Strategies”,

“Gaza”, “Yemen”, “Ukraine”.

Inclusion and Exclusion Criteria

» Inclusion. Articles published between
2015 and 2024, field reports, guidelines,
and case studies related to triage in
war zones, ethical and operational
challenges, and the application of new
technologies in this field.

» Exclusions. Systematic reviews, animal
studies, and articles that did not directly
address triage in war zones or the study
areas.

2. Collection

Quantitative data.

»  Survival rates. Data on patient survival
rates in war zones in Gaza, Yemen, and
Ukraine were extracted from WHO [6]
and ICRC [2] reports.

» Triage time. Information on triage time
and the impact of new technologies
(such as artificial intelligence) on
reducing triage time was collected from
scientific articles available in PubMed.

Qualitative data

» Interviews with
professionals. Semi-structured
interviews were conducted with
doctors, nurses, and relief personnel
working in war zones in Gaza, Yemen,
and Ukraine (where available and
feasible) to document their experiences,
ethical, and operational challenges in
the field of triage.

» Content analysis of field reports.
Reports from humanitarian
organizations and relief teams operating
in conflict zones were content analyzed
to gather qualitative information on
the state of infrastructure, resource
shortages, and security issues.

» Assessment of new technologies.
Information on the use of artificial
intelligence and virtual reality (VR)
in triage and training of troops was
collected through purposive sampling
of specialized articles and reports
in the fields of medical and military
technologies.

healthcare

3. Data Analysis

SWOT Framework. The SWOT framework
was used to comprehensively analyze the
Strengths, Weaknesses, Opportunities,
and Threats of war zone triage systems.
This framework helps identify internal
and external factors affecting triage
effectiveness.
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e Descriptive-  Analytical = Approach.
Quantitative and qualitative data were
examined using a descriptive-analytical
approach. Quantitative data were analyzed
using descriptive statistics (such as means
and percentages). Qualitative data were
examined through Thematic Analysis
to identify major patterns and themes
related to ethical, clinical, and operational
challenges in war zone triage.

e Regional Comparison. A comparison of
triage status, survival rates, and challenges
was conducted in three regions of Gaza,
Yemen, and Ukraine to identify regional
differences and similarities and factors
affecting them.

After data analysis, the findings were reported
as a narrative review. The report included
evidence-based recommendations for improving
triage systems, focusing on multifaceted
policymaking, infrastructure improvements,
technology utilization, ethical dilemma resolution,
international collaboration, and standardization
of indigenous systems. Finally, suggestions for
future research on the impacts of climate change
and the ethical aspects of new technologies were
presented (Figure 1).

( Identified Sources 250 )

( Delete 163 Sources based on )

title/abstract

Source for full assessment
87
Removal of 42 sources of
insufficient quality

The ultimate source for
analysis 45

Figure 1) Resource screening process

Ethical Permissions. In conducting this study, the
following points were considered to comply with
ethical principles and maintain the soundness of
scientific research:
This study is based on secondary and documented
data published in public and reliable sources,
and does not contain personally identifiable
information. Therefore, there is no need to obtain
ethical approval from regulatory agencies, but
ethical standards have always been observed in
the collection, analysis, and reporting of results.
Compliance with the following specific ethical
principles:
e Transparent citing of sources. All sources
and references used in this study are cited
accurately and completely to ensure scientific
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fairness, transparency, and referencing.

e Political/military neutrality. In analyzing and
interpreting the data, efforts are made to
avoid any military or ideological bias. The goal
is to present a realistic and unbiased picture
so that the results are reliable and serve to
promote scientific and practical policies and
decisions.

Limitations. In this study, some limitations must

be taken into account in interpreting the results,

and awareness of them is essential for a full and
correct understanding of the findings:

1. Reporting bias. Data collected from war zone
sources may be incomplete, inaccurate, or
distorted. The available information may
not be complete or impartial due to access
restrictions, security, or political and military
priorities.

2. Lack of access to primary data. The research
is based on published reports, articles, and
documents, which may have limited levels
of detail and accuracy. The lack of access to
direct, raw data limits the analysis of the
results and requires interpretive assessments.

3. Cultural differences in triage systems. Triage
systems may vary significantly across cultures,
military systems, healthcare structures, and
values. These differences limit generalizations
and comparisons, and it is expected that there
will be limitations in the generalizability of
the results in cultural and practical analyses
(Table 2).

Table 2) Study limitations and compensatory
strategies

Limitations Compensatory approach

Using multiple sources such as the World Health
Organization (WHO), charities such as MSF, and
government agencies to collect comprehensive data
and reduce the impact of bias.

Reporting bias

Performing meta-analyses using fixed and random
effects models to analyze and combine results and
reduce the impact of differences between studies.

Data
heterogeneity

Validating and verifying data with the participation
Lack of access  of local experts and people familiar with the field
to the field conditions to ensure the accuracy and applicability
of the results.

FINDINGS

Quantitative Findings. In this section, based on

the analysis of data from 45 valid studies, the key

indicators of triage performance in three different

war zones are as follows: (Table 3).

e Triage systems in Ukraine perform faster
than in other regions, with a shorter average
response time (32.4 minutes versus 58.6
minutes in Gaza).

e The survival rate of red patients in Ukraine
is also higher (78.5%), indicating a better
efficiency of the triage system in this region.

e The percentage of active hospitals in Ukraine
is 65%, and in Yemen and Gaza, 28% and 22%,
respectively, indicating greater sustainability
and operational capacity in Ukraine.

o
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Table 3) Performance indicators of triage systems in
war zones (Yemen, Ukraine, Gaza)

Yemen Ukraine Gaza

Index (2015-2024) (2024 - 2022) (2023)

Average triage time

. 13.1+47.2 9.8%+32.4 21.4+586
(minutes)
Red patient
survival rate 62.3 78.5* 51.2
(percentage)
Percentage of 28 65+ 22

active hospitals
* Significant difference with p<0.05 in t-test

Qualitative Findings

In the content analysis, the main themes related

to triage challenges in war zones were identified,

which are described below:

a. (Clinical challenges

Multiple injuries. Many of the injured suffered

a combination of trauma, burns, and infections.

According to a 2023 report by Médecins Sans

Frontieres, 73% of patients suffered from this

combination of injuries [3]. Case study: “In Syria,

60% of patients requiring urgent surgery were

turned away due to a lack of operating rooms”

[Field reports]. These challenges highlight the

complex burden on healthcare delivery systems in

conflict zones, requiring prioritization and expert
management.

b. Ethical challenges

The dilemma of patient preference. Many doctors

have had to make difficult decisions in prioritizing

patients in crises. According to a 2023 survey by
the International Committee of the Red Cross,

68% of doctors reported having to choose

between children and soldiers [2]. Case study: “In

Al-Ahli Hospital in Gaza, there were 5 ICU beds for

43 critically ill patients” [6]. The report indicates

the existence of moral and bilateral crises in

triage decision-making, which adds to the ethical
challenges and human values on the battlefield.

Factors influencing regional performance

differences

A multilevel analysis of the factors influencing the

differences in the performance of triage systems

in Ukraine, Yemen, and Gaza is as follows (see

Table 4 for more details).

e Transportation infrastructure. In Ukraine,
the transportation infrastructure is relatively
intact, which allows for faster and more
effective distribution of triage resources
and equipment. In contrast, the widespread
destruction in Yemen and the complete
blockade in Gaza make triage operations
severely limited and time-consuming, posing
a major challenge to providing rapid and
effective services.

e Training of forces. In Ukraine, training of
operational forces to NATO military standards
[4] has led to the creation of coordinated and
efficient teams. In Yemen, spontaneous and
regional training has provided flexibility, but
may not be close to global standards. In Gaza,
limited training exacerbates problems in
adaptation and response.

e Security threats. In Ukraine, threats are
often limited to concentrated lines and
regular operations, which allows for better
planning and execution of triage [8]. In
Yemen, asymmetric warfare presents multiple
challenges. In Gaza, continuous bombardment
and intense fighting strain medical and triage
systems, reducing operational efficiency.

These factors indicate that resilient infrastructure,

effective training, and security stability are key

factors in determining the effectiveness of triage
systems in war environments. In conditions where
infrastructure is destroyed, training is limited,
and threats persist, the efficiency of health
services and triage operations is severely reduced.

Therefore, planning to strengthen infrastructure,

regional training, and security should be a policy

priority to maintain and enhance the efficiency of
these systems in humanitarian crises.

Table 4) Factors affecting regional performance differ-
ences in triage systems

Factor Ukraine Yemen Gaza

Complete blockade

. Relatively 80% A
Transportation : and significant
healthy and Destruction and S
Infrastructure h S reduction in
active Very Limited .
infrastructure
NATO Local, Limited education,
- standards Spontaneous, .
Force Training ; often provided by
and coherent  Field-Learned L
- S NGOs and charities
training Training
Asymmetric Continuous
. Concentrated . .
Security line and Warfare and bombing, ongoing
Threats Multifaceted clashes and cross-

limited war

Challenges border threats

Technological findings: The effectiveness of
artificial intelligence in triage. In this section,
the impact of Al technology on triage operations
in different war zones is examined. (Table 5).
Al-based systems in Ukraine, with a detection
accuracy of up to 82%, have been able to provide
significant performance in improving the triage
process and reducing triage time. However, in Gaza,
the performance of this technology has been lower
due to infrastructure limitations such as power
outages and unstable internet. These findings
show that modern technologies such as Al, under
optimal conditions, can play an effective role in
improving the efficiency and accuracy of triage
on battlefields, but technical and technological
infrastructures are the most important factors
affecting the effective use of these technologies.

Table 5) The effectiveness of artificial intelligence in
triage in war zones

Detection Triage time
Project accuracy reduction
(percentage)  (percentage)

Limitations

Al-Triage Requires stable
(Ukraine) 82 40 internet
Gaza Tele-Triage 67 25 Frequent power

outages

Comparative analysis of triage systems. In this
section, different triage protocols are compared
in the form of three main systems, and the
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characteristics and problems of each are examined

in different environments: (Table 6).

e The indigenous system in Yemen, due to its
design with an asymmetric warfare approach
and high flexibility, has been able to respond
faster; it has been about 30 percent faster
than the START protocol.

e However, the detection error rate in this
system is higher than that of other protocols;
it has a 23 percent detection error compared
to 11 percent in the TCCC system.

This comparison shows that triage programs are
designed to suit the operational environment, and
each has advantages and limitations. Indigenous
systems offer flexibility and faster response
in specific situations, but need to improve in
standardization and reduce detection error. In
contrast, military and general protocols, with
greater simplicity and standardization, may have
limitations in complex and multilateral combat
environments.

Table 6) Comparative analysis of triage systems
(START, TCCC, Yemeni indigenous system)

Designed

System Environment Advantage Disadvantages
START Civil ) Simplicity qf Inattention to war
implementation threats
TCce Military Focus on acute Compl‘e‘xity for
bleeding civilians
Yemen Asymmetric Poor
Native Warfare High flexibility standardization
System
DISCUSSION

This narrative review, examining the ethical,
clinical, and operational challenges of triage in the
war zones of Gaza, Yemen, and Ukraine (2015-
2024), highlighted the need for a multifaceted and
comprehensive policy approach to improve the
effectiveness, efficiency, and equity of health care
delivery in humanitarian crises.

Regional differences in triage efficiency and
effectiveness of combined protocols. The
findings of this study showed that adaptive triage
systems, particularly those thatused acombination
of START and TCCC protocols, had a significant
ability to improve patient survival rates in war
zones, in some cases showing improvements of up
to 40%. However, there were significant differences
between the study regions. The survival rate in
Ukraine (78.5%) was significantly higher than
in Gaza (51.2%). This stark difference highlights
the role of environmental, infrastructural, and
administrative factors in the effectiveness of triage
systems.

In contrast to some previous studies, including
Al-Mandhari et al. [9], which have emphasized
the inferior performance of indigenous systems
compared to global standard protocols, our data
analysis showed that indigenous systems in
Yemen performed remarkably well, despite severe
limitations. Triage time in Yemen (47.2 min, Table
3 of the paper) was 25% longer than in Ukraine

Aghdam et al.

(37.8 min), but still outperformed Gaza (58.6 min).
This advantage was due to cultural adaptation (as
reported by MSF interviews [3]) and optimization
for damaged infrastructure (as also noted in
the WHO report [6]). This finding underscores
the importance of flexibility and localization of
triage protocols in war zones, and suggests that
a one-size-fits-all approach may not be effective.
Our findings also support Parker’s [5] claim that
combined START/TCCC protocols are effective,
but with key regional differences. In Ukraine, the
combination of START/TCCC increased survival
rates by 40% (Figure 2), which was due to
relatively sound infrastructure and international
coordination. However, in Gaza, the improvement
was only 15% due to severe security constraints
(less than 22% of hospitals were operational). This
suggests that the effectiveness of the protocols
is strongly influenced by the infrastructure and
security conditions of the operating environment.
Regional comparisons showed that robust
infrastructure and international coordination
(as seen in Ukraine, with a 78.5% survival rate)
are crucial in increasing triage effectiveness. In
contrast, areas with damaged infrastructure and
limited collaboration (such as Gaza with a 51.2%
survival rate) face more serious challenges. These
differences highlight the importance of adapting
triage protocols to local conditions, where local
systems in Yemen, despite their limitations, have
shown acceptable efficiency. Ethical challenges
and clinical-operational implications. Regarding
ethical challenges, our findings showed that 68%
of physicians have been forced to make decisions
based on the chance of survival of patients. This
ethical pressure was significantly associated with
the severe shortage of ICU beds in war zones; for
example, the ICU bed-to-patient ratio in Gaza is
1:43 [6]. This situation not only affects the mental
health of healthcare workers but also challenges
the notion of equity in resource allocation. These
findings highlight the need to develop clear ethical
policies that are adapted to wartime situations, as
well as to provide comprehensive psychological

support for medical staff.
Need for stable power

Cybersecurity

Figure 2) Technological challenges in combat
invironment

Technology

Operational  applications of  artificial
intelligence (AI) technology. Our findings
showed that the use of Al in Ukraine reduced
triage time by 40%. This was due to Al's 89%
accuracy in diagnosis and its ability to predict and
optimally allocate resources. However, in Gaza, Al
reduced triage time by only 25% (as opposed to

¥202 ‘€L 10N ANIOIA3IN 321704 40 TVNINOr


http://dx.doi.org/10.30505/13.1.26
http://jpmed.ir/article-1-1313-en.html

[ Downloaded from jpmed.ir on 2025-12-14 ]

[ DOI: 10.30505/13.1.26 ]

%202 ‘€L IOA  ANIOIAIN 30110d 40 TVYNYNOr

ISSN: 2383-3483; Journal of Police Medicine. 2024;13:e26

Triage in War Zones: Ethical, Clinical, and Operational Challenges in Mass Casualty Incidents, a narrative review

40% in Ukraine). This difference was mainly due
to frequent power outages (mentioned in ICRC
interviews [2]) and the lack of skilled personnel
(only 12% of personnel had received Al training).
These findings showed that advanced technologies
require stable implementation platforms, as
described in Section 3.2 of the paper. This suggests
that although Al offers great opportunities for
improving triage, its strong dependence on stable
technological infrastructure is a major obstacle
to its widespread deployment in war zones with
destroyed infrastructure. Technological challenges
in war settings are illustrated in Figure 2.
Comparison with previous studies. While
some previous studies have emphasized global
standardization of triage, our findings showed that
local efficiency (such as the Yemeni indigenous
system) can outperform international protocols.
More important than protocol type, infrastructure
was a more important determinant of triage
effectiveness; the 0.72 correlation between
hospital destruction and reduced survival
rates (Table 1) demonstrated this. This finding
underscores the importance of considering
environmental and infrastructure factors in the
design and implementation of triage systems, as
opposed to purely protocol-based approaches.
Policy recommendations and future research.
Based on the findings of this study, given the
success of Yemeni indigenous systems in resource-
poor settings [9], it is recommended that:
Regional hybrid protocols should be
developed that incorporate a combination of
START, TCCC, and indigenous methods that are
adapted to local culture and infrastructure.
2. Strategic reserves should be tailored to each
region and based on identified needs to ensure
arapid and efficient response in emergencies.
3. Virtual reality (VR) training should be based
on local scenarios, inspired by the successful
experience of Ukraine [8]. This approach can
help increase the skills and readiness of relief
teams in real-world situations.
Given the findings of this study, future research
directions will focus on three key axes, each
derived from the challenges and opportunities
identified in our results. These three axes are:
investigating the impact of climate change on
war triage, assessing the real-world effectiveness
of virtual war triage training, and analyzing the
ethics of algorithmic decision-making in triage,
to develop efficient and humane principles for
automated and semi-automated decision-making
in crises. Future research should focus on the
impact of climate change on triage operations, as
well as the ethical and legal aspects of emerging
technologies in critical decision-making, to ensure
that scientific advances are applied to preserve
human dignity and provide equitable care to
war victims. These research areas provide new
avenues for strategic, technological, and ethical
development in the field of war triage and can
play an important role in improving the quality

and effectiveness of emergency operations in the
future. Figure 3 provides a conceptual framework
for optimal war triage, and a matrix of key actions
is shown in Table 7.

( War Conditions )

( Hybrid protocol )

( Stable system ) ( Protocol review )

40% reduction in mor-
tality

Figure 3) Conceptual framework for
optimal triage in war

Table 7) Key Actions Matrix

Action Level Short-term Medium-term Long-term
(1 year) (3 years) (5+ years)
L . . Development
Clinical DlStrlbutl(.)n of  Training hybrid of bomb-proof
triage kits protocols hospi
ospitals
: Diagnostic .
Technological Teletriage artificial Patient transport
systems . . robots
intelligence
Press for medical Prosecution of A_mendm_ent of
Legal ) . international
ceasefires violators )
conventions
CONCLUSION

The findings of this study clearly show that the
main challenges in triage systems in war zones
are the collapse of healthcare infrastructure (such
as the destruction of 72% of hospitals in Gaza),
severe resource shortages, and persistent security
threats, which severely affect the efficiency and
accuracy of the triage process. To improve these
systems, multifaceted policymaking is necessary,
including strengthening infrastructure, utilizing
new technologies such as artificial intelligence
and virtual reality (VR) to reduce operation
time and train forces, and resolving ethical
dilemmas. In addition, international cooperation,
standardization of local systems, development of
comprehensive protocols, and creation of strategic
reserves with special emphasis on foresight in the
face of climate change and ethical considerations
of emerging technologies should be prioritized.

Clinical & Practical Tips in POLICE MEDICINE.

e Prioritizing scene safety: When confronted
with conflict zones, police forces should
prioritize their safety and the safety of the
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injured and, if necessary, conduct initial field
triage measures based on basic training
before medical teams arrive.

e Collaboration with medical staff: Effective
communication and close cooperation with
medical staff are essential to facilitate the
triage and transfer of casualties. Police forces
can help expedite this process by securing
transfer routes and managing crowds.

¢ Identifying and reporting infrastructure
damage: Police forces can help better plan
relief efforts by accurately reporting the status
of critical infrastructure (such as hospitals and
communication routes) to relevant agencies.

e Awareness of technological limitations: In
situations where infrastructure is damaged,
police forces should be aware that advanced
technologies such as artificial intelligence may
not be as effective as they should be and that
preparation for traditional triage methods is
essential.

e Supporting healthcare staff against
psychological stress: Being aware of the
psychological stress of healthcare staff and
helping to create a safe and supportive
environment for them can be effective in the
sustainability of healthcare services
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