4

X/
*

Scientific
Research
Publishing

()

<
X8

%

Open Journal of Anesthesiology, 2025, 15(12), 294-316
https://www.scirp.org/journal/ojanes

ISSN Online: 2164-5558
ISSN Print: 2164-5531

Role of Anesthesiologists in Disaster Medicine:
Lessons from Japan and Future Perspectives

Michiaki Yamakage

Department of Anesthesiology, Sapporo Medical University School of Medicine, Sapporo, Japan

Email: yamakage@sapmed.ac.jp

How to cite this paper: Yamakage, M.
(2025) Role of Anesthesiologists in Disaster
Medicine: Lessons from Japan and Future
Perspectives. Open Journal of Anesthesiol-
ogy, 15, 294-316.
https://doi.org/10.4236/0janes.2025.1512023

Received: November 5, 2025
Accepted: November 29, 2025
Published: December 2, 2025

Copyright © 2025 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

[Omom

Abstract

Japan’s unique geographical position at the intersection of four tectonic plates
makes it one of the world’s most disaster-prone nations. The country has ex-
perienced numerous catastrophic events, including the 2011 Great East Japan
Earthquake, the 2016 Kumamoto Earthquakes, and various typhoons and
floods. These disasters have provided invaluable insights into the critical role
of anesthesiologists in disaster medicine. This comprehensive review exam-
ines the multifaceted contributions of anesthesiologists to disaster responses
in Japan, analyzing their role beyond traditional perioperative care, and iden-
tifying key lessons for global disaster preparedness. We conducted a system-
atic review of the published literature on anesthesiologist involvement in Jap-
anese disaster responses from 1995 to 2024, including peer-reviewed articles,
official reports, and case studies from major disasters. Evaluation showed that
Japanese anesthesiologists have performed critical roles in multiple disaster
scenarios, such as: emergency airway management and hemodynamic stabili-
zation in field conditions, coordination of hospital evacuations for critically ill
patients, leadership in Disaster Medical Assistance Teams (DMAT), provision
of regional anesthesia and pain management in resource-limited settings, and
development of disaster-resilient perioperative protocols. Their key compe-
tencies include adaptability, interdisciplinary collaboration, and expertise in
austere medical environments. The Japanese experience demonstrates that an-
esthesiologists are indispensable in disaster medicine, contributing skills
that extend far beyond the operating room. Their unique combination of
abilities related to airway expertise, hemodynamic management, pharmaco-
logical knowledge, and critical care training positions them as essential mem-
bers of disaster response teams. Future preparedness strategies should for-
mally integrate anesthesiologists into disaster planning, enhance their training
in disaster medicine, and develop specialized protocols for perioperative care
under extreme conditions.
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1. Introduction

Japan’s position at the convergence of the Pacific, Philippine Sea, Eurasian, and
North American tectonic plates creates a geological environment of extraordinary
seismic activity and natural disaster frequency. This unique geography has sub-
jected the nation to recurring catastrophic events throughout its history, including
the devastating 1995 Great Hanshin-Awaji Earthquake, the unprecedented 2011
Great East Japan Earthquake and tsunami, and numerous typhoons, floods, and
volcanic eruptions. The cumulative impact of these disasters has been profound,
with tens of thousands of casualties, widespread infrastructure destruction, and
economic losses exceeding hundreds of billions of dollars.

In response to these recurring challenges, Japan has developed one of the world’s
most sophisticated disaster response systems, anchored by the Disaster Medical As-
sistance Team (DMAT) system established following the Great Hanshin earthquake.
This paradigm shift created rapid deployment capabilities for specialized medical
teams, complemented by robust hospital preparedness protocols and infrastruc-
ture strengthening measures.

Within this ecosystem, anesthesiologists have emerged as critical contributors
to emergency medical care, bringing unique competencies that translate directly
to disaster medicine: advanced airway management, hemodynamic monitoring
and support, comprehensive pharmacological knowledge, critical care training,
and experience in high-stress clinical decision-making. These skills prove inval-
uable when providers must work in austere environments—defined as resource-
limited settings with damaged infrastructure, minimal equipment, and chal-
lenging operational conditions—while managing critically ill and injured pa-
tients.

The role of anesthesiologists in disaster response extends beyond individual pa-
tient care to system-level contributions, including hospital evacuation coordina-
tion, infrastructure resilience planning, interdisciplinary team leadership, and
policy development for disaster preparedness. Their involvement in Japan’s dis-
aster responses has provided valuable insights into both, the potential contribu-
tions and the specific challenges faced by anesthesiologists in emergency situa-
tions.

This comprehensive review synthesizes the extensive experience of Japanese an-
esthesiologists in disaster medicine, drawing from their documented responses to
major earthquakes, tsunamis, typhoons, floods, and volcanic eruptions over the
past three decades. In this review, we examine the specific roles anesthesiologists

have played in various disaster scenarios, analyze the clinical protocols and adap-
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tations developed for emergency situations as a result of their contributions, and
identify key lessons learned from these experiences. Additionally, we explore the
educational and training implications for anesthesiology practice, discuss infra-
structure and policy considerations, and propose recommendations for enhanc-
ing anesthesiologist involvement in disaster response systems both in Japan and

internationally.

2. Methodology

This review employed a comprehensive search strategy to identify relevant litera-
ture on anesthesiologist involvement in disaster medicine in Japan. We searched
PubMed, EMBASE, and Japanese medical databases, including Ichushi-Web and
CiNii, using terms related to anesthesiology, disaster medicine, emergency response,
and specific Japanese disasters from 1995 to 2024.

Inclusion criteria encompassed peer-reviewed articles, case reports, official
disaster response reports, and conference proceedings that described anesthe-
siologists’ roles in Japanese disaster responses. We also reviewed policy docu-
ments from the Japanese Society of Anesthesiologists (JSA), DMAT guidelines,
and hospital disaster preparedness protocols. Articles were categorized by dis-
aster type, anesthesiologist role, and clinical setting to facilitate systematic

analysis.

2.1. Historical Context and Evolution of Disaster Response

2.1.1. The Great Hanshin-Awaji Earthquake: Catalyst for Change

The 1995 Great Hanshin-Awaji Earthquake marked a watershed moment in Jap-
anese disaster medicine, exposing critical deficiencies in the country’s emergency
medical response capabilities. The disaster claimed over 6400 lives and injured
more than 43,000 people, with many fatalities attributed to delayed or inadequate
medical care rather than direct trauma. The medical response was characterized
by poor coordination between hospitals, inadequate communication systems, and
insufficient rapid deployment capabilities for medical personnel.

Anesthesiologists in affected hospitals faced unprecedented challenges during
this disaster. Operating rooms were damaged or rendered inoperable due to
structural damage and utility failures. Many anesthesiologists found themselves
providing care outside their traditional domains, managing patients in hospital
corridors, parking lots, and temporary shelters. The experience highlighted both,
the adaptability of anesthesiologists and the need for formal disaster training and
protocols.

The lessons learned from Kobe directly influenced the subsequent development
of Japan’s modern disaster response infrastructure, including creation of the
DMAT system and establishment of formal disaster medicine training programs
for medical professionals (Figure 1).

2.1.2. Development of the DMAT System
The DMAT system, established in 2005, represents Japan’s primary rapid-re-
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sponse medical capability for disasters. As documented by Kondo and colleagues,
the DMAT system was designed to address the critical gaps in medical response
capability identified during the Kobe earthquake [1]. DMAT teams consist of phy-
sicians, nurses, and logistical coordinators specially trained for disaster response,
with the capability to deploy within hours of a disaster declaration and operate
independently for up to 48 - 72 hours under austere conditions.

Anesthesiologists have been integral to the development and operation of the
DMAT from its inception. Their skills in airway management, procedural seda-
tion, and critical care make them highly valued team members, particularly for
operations involving severely injured patients or complex medical evacuations.
Matsumoto and colleagues described the critical role of anesthesiologists in aero-
medical disaster relief operations following the Great East Japan Earthquake,
demonstrating their importance in complex patient transport scenarios [2]. Many
DMAT medical leaders are anesthesiologists, reflecting the specialty’s natural fit
for emergency response leadership roles.

The continuous evolution of DMAT capabilities reflects ongoing learning from
disaster experiences. Anan and colleagues documented investigations into DMAT
response guidelines for catastrophic scenarios, such as a potential Nankai Trough
earthquake, highlighting the need for scalable response capabilities [3]. Subse-
quently, the same research group reported on revisions to DMAT training pro-
grams, incorporating lessons learned from actual deployments to enhance prepar-
edness and adaptability [4] (Figure 2).

Mt. Ontake West Japan Kumamoto
Eruption Heavy Rain Heavy Rain
Great East Japan Kumamoto Typhoon Noto Peninsula
Earthquake & Tsunami Earthquakes Hagibis Earthquake

2014 2016 2018 2019 2020

Enhanced anesthesiologists’ roles

2 % .

: Critical Care
Airwa N .
Managen‘]’ent Hemodynamics Leadership
Stabilization

Timeline showing major disasters since 1995 and corresponding developments in anesthesiologists’ roles in disaster medicine. Key
events included the 1995 Hanshin-Awaji Earthquake that catalyzed development of the DMAT system [1], the 2011 Great East Japan
Earthquake demonstrating anesthesiologist adaptability [5]-[7], the 2016 Kumamoto Earthquakes highlighting evacuation coordi-
nation [8] [9], and recent extreme weather events, which expanded their scope of practice [10]-[15]. The timeline illustrates the

progressive integration of anesthesiologists into disaster response systems and the evolution of specialized protocols.

Figure 1. Timeline of major disasters in Japan and evolution of anesthesiologists’ roles.
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The figure shows the organizational structure of the DMAT, highlighting anesthesiologists’ roles in team leadership, clinical care,

and operational coordination, and demonstrating the multi-disciplinary composition of teams with physicians, nurses, and logistical

coordinators [1], emphasizing anesthesiologists’ contributions to airway management, critical care, and aeromedical transport [2].

Their roles include training program evolution [3] [4] and leadership responsibilities in complex disaster scenarios.

Figure 2. Anesthesiologists’ roles in disaster medical assistance team (DMAT) structure.

2.2. Major Disaster Responses: Anesthesiologists’ Contributions

2.2.1. The 2011 Great East Japan Earthquake and Tsunami
The March 11, 2011, earthquake and tsunami represented the most severe natural
disaster in Japan’s modern history, with a magnitude 9.0 earthquake generating
tsunami waves reaching heights of over 40 meters in some coastal areas. The dis-
aster resulted in nearly 20,000 deaths and missing persons, widespread infrastruc-
ture destruction, and the Fukushima nuclear accident, creating a complex multi-
hazard emergency requiring unprecedented medical response coordination.

Anesthesiologists played critical roles throughout the disaster response, from im-
mediate emergency care to long-term recovery support. Murakawa’s detailed ac-
count of anesthesia department preparedness during the Fukushima nuclear disas-
ter provides valuable insights into the challenges faced by anesthesiologists in the
immediate aftermath of the disaster [5]. The nuclear emergency created unique
complications, requiring evacuation of patients from hospitals within the exclusion
zone while maintaining critical care for those too unstable to be transported.

Suzuki and colleagues documented the specific challenges of maintaining sur-
gical services during the earthquake, describing how anesthesiologists adapted to
power outages, equipment failure, and structural damage, while continuing to
provide care for trauma patients [6]. Their report highlighted the importance of
backup power systems, emergency drug supplies, and portable monitoring equip-
ment for maintaining anesthesia services during disasters.

The experience of anesthesiologists in Minamisoma city, one of the areas that

suffered the most severe damage, illustrates the expanded scope of practice re-
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quired during disasters, documented by Akatsu and colleagues [7]. In that report,
anesthesiologists provided not only traditional perioperative care, but also served
as emergency physicians, managed critically ill patients in improvised intensive
care units, and coordinated medical evacuations under extremely challenging con-

ditions, including radiation exposure concerns.

2.2.2. The 2016 Kumamoto Earthquakes

The Kumamoto earthquake sequence, featuring two major earthquakes (magni-
tude 6.2 and 7.0) occurring within 28 hours, presented unique challenges for dis-
aster response. Unlike single-event disasters, the repeated major earthquakes cre-
ated ongoing safety concerns, complicated evacuation decisions, and required sus-
tained emergency responses over an extended time period.

Hospital evacuation operations during the Kumamoto earthquakes, as docu-
mented by Nagata and colleagues, demonstrated the critical importance of anes-
thesiologists in managing complex patient transfers [8]. Successful evacuation of
Kumamoto Medical Center, involving over 500 patients, including many in criti-
cal condition, required extensive coordination between anesthesiologists, emer-
gency physicians, and transport teams.

Anesthesiologists were responsible for pre-transport stabilization of critically ill
patients, including those on mechanical ventilation, patients with hemodynamic
instability, and postoperative cases requiring ongoing monitoring. The evacuation
process revealed the need for specialized transport protocols, portable monitoring
equipment, and enhanced training in patient stabilization for helicopter and

ground ambulance transportation (Figure 3).

CLINICAL PROTOCOL ADAPTATIONS
FOR DISASTER SETTINGS

PRE-TRANSPORT ASSESSMENT

vital signs
airway security
hemodynamic stability

STABILIZATION PROCEDURES
IV access
monitoring setup
medication preparation

COMMUNICATION PROTOCOLS
receiving hospital notification
medical handoff
family contact

NO @ YES

v

v

EQUIPMENT PREPARATION
portable ventilators
monitors
transport equipment

TRANSPORT EVACUATION

team coordination
continuous monitoring

The figure shows critical care transport protocols for hospital evacuations, emphasizing anesthesiologists’ roles in patient stabilization

and monitoring. The protocol is based on experiences from Kumamoto earthquake evacuations [8] [9], and addresses pre-transport

assessment procedures, stabilization protocols for mechanically ventilated patients, equipment preparation requirements, and

communication processes during large-

scale evacuations involving over 500 patients.

Figure 3. Hospital evacuation protocol for critically ill patients.
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Shimoto and colleagues’ subsequent analysis of the evacuation also highlighted
ethical considerations in patient prioritization, resource allocation, and family
communication during mass evacuations [9]. Anesthesiologists were involved not
only in clinical decision-making, but also in ethical deliberations about patient

care priorities under extreme resource constraints.

2.2.3. Extreme Weather Events: Typhoons and Floods

Japan’s increasing experience with extreme weather events, exacerbated by cli-
mate change, has expanded the scope of disaster medicine beyond seismic events.
The 2018 heavy rain in West Japan, 2019 Typhoon Hagibis, and 2020 heavy rain
in Kumamoto collectively demonstrated that meteorological disasters could gen-
erate medical needs comparable to major earthquakes, also presenting unique
challenges for anesthesiologists.

Emergency medical team responses to these events, as analyzed through Japan
Surveillance in Post-Extreme Emergencies and Disasters (J-SPEED) data, revealed
distinct patterns of medical needs during disastrous floods [10]-[12]. Unlike
earthquake-related trauma, flood disasters generated high rates of infectious com-
plications, exacerbation of chronic diseases, and mental health issues, requiring
different clinical approaches from anesthesiologists.

Regional anesthesia and pain management became particularly important dur-
ing flood responses, as many patients required wound care and debridement in
temporary medical facilities with limited resources. Anesthesiologists’ expertise in
regional blocks, procedural sedation, and pain management proved invaluable for
providing humane care in challenging environments, such as evacuation shelters
and temporary clinics.

The impact of extreme weather events extends beyond immediate trauma care.
Komatsu and colleagues demonstrated a significant increase in cardiovascular and
cerebrovascular events following Typhoon Hagibis, highlighting the physiological
stress that disasters impose on vulnerable populations [13]. This finding empha-
sizes the need for anesthesiologists to be prepared for managing not only direct
disaster-related injuries, but also acute exacerbations of chronic medical condi-
tions during disaster responses.

Analysis of typhoon-related fatalities by Yoshida and colleagues revealed im-
portant patterns in flood-related deaths, linking many fatalities to both acute
trauma and exacerbations of underlying medical conditions [14]. These findings
raise awareness among anesthesiologists about the types of clinical scenarios they
may encounter during flood disaster responses, emphasizing the importance of
comprehensive medical assessment beyond obvious traumatic injuries.

Infectious complications represent another significant concern during flood
disasters. Ozaki and colleagues reported cases of cellulitis and serious infections
from nail puncture wounds sustained during Typhoon Hagibis, demonstrating
the importance of wound care and infection prevention in flood disaster response
[15]. Anesthesiologists’ expertise in procedural sedation and regional anesthesia

becomes particularly valuable for managing these types of injuries in resource-
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limited temporary medical facilities.

2.2.4.Volcanic Disasters: The Mount Ontake Eruption

The sudden eruption of Mount Ontake in 2014 presented unique challenges for
disaster medical response, combining wilderness medicine requirements with vol-
canic hazard management. The eruption occurred during the peak hiking season,
resulting in 63 fatalities and numerous injuries from falling volcanic rocks and ash
inhalation.

Anesthesiologists involved in the Mount Ontake response, as documented by
Oshiro and colleagues, faced the challenge of providing advanced medical care
in remote, hazardous mountain terrain while managing both direct casualties
and rescue team members suffering from ash exposure and physical exhaustion
[16]. The event highlighted the need for anesthesiologists to develop competen-
cies in wilderness medicine and collaborate effectively with mountain rescue
teams.

Key lessons from the volcanic eruption response included the importance of
portable airway management equipment suitable for austere conditions, protocols
for managing respiratory complications from ash inhalation, and specialized

training related to medical operations in hazardous volcanic environments.

3. Ethical Considerations in Disaster Anesthesiology

The extreme conditions and resource limitations inherent in disaster responses
create complex ethical dilemmas that require anesthesiologists to make difficult
decisions regarding patient care priorities and resource allocation. Japanese dis-
aster experiences have highlighted several critical ethical domains where anesthe-

siologists play essential roles.

3.1. Triage and Resource Allocation

Anesthesiologists frequently serve as triage officers in disaster scenarios, making
decisions about which patients receive priority access to limited resources such as
operating rooms, mechanical ventilators, and critical medications. The ethical
framework for these decisions must balance utilitarian principles of maximizing
overall benefit with respect for individual patient dignity and rights. Japanese an-
esthesiologists have developed triage protocols that consider both clinical factors
and resource availability while maintaining transparency in decision-making pro-

cesses [17].

3.2. Care Withdrawal and Limitation

In mass casualty incidents, anesthesiologists may face decisions about withdraw-
ing or withholding life-sustaining treatments to reallocate resources to patients
with better survival prospects. These decisions require careful consideration of
medical futility, family wishes, and cultural values. The Japanese experience em-
phasizes the importance of clear communication with families and documenta-

tion of decision-making rationales [17].
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3.3. Informed Consent in Crisis Conditions

Traditional informed consent processes may be impractical during disasters, re-
quiring anesthesiologists to adapt consent procedures while maintaining respect
for patient autonomy. This includes developing abbreviated consent protocols for
emergency procedures and establishing proxy decision-making pathways when

patients are incapacitated and families are unavailable.

3.4. Professional Duty and Personal Risk

Anesthesiologists must balance their professional obligations to provide care with
considerations of personal safety, particularly during ongoing disasters such as
earthquakes with continuing aftershocks or nuclear emergencies. The ethical
principle of proportionate risk guides these decisions, recognizing that healthcare

providers have duties both to patients and to their own families and communities.

4. Clinical Protocols and Adaptations (Table 1)
4.1. Airway Management in Disaster Settings

Airway management represents one of the most critical skills anesthesiologists
contribute to the disaster response. However, disaster conditions often require
significant adaptations from standard operating room protocols. Environmental
challenges include limited lighting, unstable surfaces, noise interference, and re-
stricted access to patients in confined spaces, such as collapsed buildings or dam-

aged vehicles.

Table 1. Comparative medical needs across different disaster types.

Disaster Type Primary Medical Needs Anesthesiologists’ Roles Key Challenges
* Trauma management * Emergency surgery * Infrastructure damage
Crush injuries * Airway management * Equipment failure
Earthquake . ) . .\ Y 8 .. amp S
Surgical emergencies * Critical care supervision * Resource limitations
* Acute pain management * Triage support * Multiple casualty management
* Drowning * Resuscitation * Contaminated environment
Tsunami * Contaminated wounds * Infection control * Resource depletion
sunal
Hypothermia * Warming protocols * Water-borne diseases
e Aspiration pneumonia * Respiratory support * Delayed medical access
* Infectious diseases * Regional anesthesia * Limited facility access
Flood Chronic disease exacerbation ¢ Pain management * Equipment limitations
oods

Soft tissue injuries
Medical shortages

Sedation
Chronic disease stabilization

Supply chain disruption
Prolonged disaster period

Volcanic eruption
L]

Respiratory injuries
Burns

Trauma

Eye injuries

Airway protection

Fluid and electrolyte management

Evacuation support
Respiratory therapy

Hazardous environment
Access restrictions
Ongoing eruption risk
Ash-related complications

Medical needs and anesthesiologists’ roles vary by disaster type, requiring tailored clinical approaches and protocols. The table

compares earthquake trauma management [5]-[9], tsunami resuscitation and contamination control [5]-[7], flood-related infectious

disease response [10]-[15], and volcanic eruption-related respiratory injury management [16]. It also shows how the anesthesiolo-

gists’ role can be adapted based on specific disaster characteristics and the associated medical challenges.
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Japanese anesthesiologists have developed specialized protocols for disaster air-
way management that emphasize simplicity, reliability, and minimal equipment
requirements. These protocols prioritize supraglottic airway devices for initial air-
way control, given their ease of insertion and lower skill requirements for non-
anesthesiologist providers. However, anesthesiologists are uniquely capable of
performing definitive airway management with endotracheal intubation when

conditions permit.

4.2. Hemodynamic Management and Shock Resuscitation

Casualties of disasters frequently present with various forms of shock, including
hemorrhagic shock from trauma, distributive shock from sepsis, and cardiogenic
shock from stress-related cardiac events. Anesthesiologists” expertise in hemody-
namic monitoring and vasoactive drug management becomes crucial in these sce-
narios, particularly when intensive care unit resources are limited or unavailable.

Japanese disaster management protocols emphasize early recognition of shock
states and aggressive resuscitation using simplified monitoring approaches suita-
ble for field conditions. Point-of-care ultrasound has become increasingly im-
portant for rapid assessment of cardiac function, volume status, and identification

of pneumothorax or internal bleeding.

4.3. Pain Management and Regional Anesthesia

Pain management in disaster settings presents unique challenges, including large
numbers of patients with acute pain, limited pharmaceutical resources, and the need
to preserve the patient’s mental clarity for evacuation and family reunification. Re-
gional anesthesia techniques have proven particularly valuable in disaster medicine,
providing effective pain relief while minimizing systemic effects and preserving pa-
tient awareness. Equally important is the anesthesiologists’ expertise in procedural
sedation and anxiolysis, which helps mitigate psychological trauma for patients ex-
periencing procedures in chaotic and frightening disaster environments. The ability
to provide appropriate anxiolytic therapy and procedural sedation not only facili-
tates necessary medical interventions but also reduces the lasting psychological im-
pact of traumatic medical experiences during disasters, contributing to both imme-
diate patient comfort and long-term mental health outcomes [18].
Anesthesiologists involved in Japanese disaster responses have successfully im-
plemented simplified regional anesthesia protocols using landmark-based tech-
niques that can be performed without ultrasound guidance when necessary. These
techniques have been particularly valuable for managing extremity fractures, wound

care procedures, and pain control during extended transport periods.

4.4. Perioperative Care under Austere Conditions

Maintaining surgical capabilities during disasters requires significant adaptations of
standard perioperative protocols. Power outages, equipment damage, and supply

shortages necessitate creative solutions and simplified approaches to anesthesia care.
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Japanese anesthesiologists have developed contingency protocols that prioritize pa-
tient safety while maintaining surgical capability under challenging conditions.

Key adaptations include simplified monitoring approaches using battery-pow-
ered devices, standardized drug protocols to minimize medication errors in stress-
ful conditions, and enhanced communication procedures to coordinate care among

multiple providers in chaotic environments (Figure 4).

5. Infrastructure and Equipment Considerations

5.1. Seismic Resilience of Operating Rooms

The investigation by Tsutsumi and colleagues into operating table stability during
earthquakes highlighted critical infrastructure vulnerabilities in the perioperative
environment [19]. Their research demonstrated that standard operating tables
could become unstable during seismic events, potentially endangering patients un-
dergoing surgery when earthquakes occur.

These findings have prompted recommendations for seismic retrofitting of op-
erating rooms, including anchoring systems for large equipment, emergency
lighting systems, and backup power supplies specifically designed for periopera-
tive areas. Anesthesiologists have been instrumental in developing these recom-
mendations, drawing on their understanding of both equipment requirements

and patient safety needs (Figure 5).

5.2. Emergency Equipment and Supply Management

Disaster response requires specialized equipment designed for portability, durabil-
ity, and battery operation. Japanese anesthesiologists have contributed to the de-

velopment of disaster-specific equipment caches that include portable ventilators,

HOSPITAL EVACUATION PROTOCOL
FOR CRITICALLY ILL PATIENTS

AIRWAY HEMODYNAMIC RECIONAL PERIOPERATIVE
MANAGEMENT STABILIZATION ANESTHESIA CARE
ing;f{_l%dn Resource-limited Austere Improvised
protocols resuscitation conditions equipment
Field- .
. Shock Limited Safety
appropriate N
techniques management supplies protocols

Adaptation of standard anesthesiology protocols are required under disaster conditions,
including simplified monitoring and equipment requirements. The protocol incorporates
modifications for airway management under austere conditions [5]-[7], hemodynamic
stabilization using portable equipment [2], pain management and regional anesthesia
in limited resource settings [10]-[12] [15], and perioperative care protocols adapted for
power outages and equipment limitations [6] [19].

Figure 4. Adaptations in clinical protocols in various disaster settings.
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The figure shows the infrastructure modifications and safety systems required for maintaining perioperative capabilities during

seismic events. The protocol is based on operating table stability research [19], and recommends seismic retrofitting, including

equipment anchoring systems, emergency lighting, backup power supplies, and redundancy in communication. The figure also

illustrates anesthesiologists’ contributions to infrastructure planning and patient safety protocols during earthquakes.

Figure 5. Infrastructure resilience in perioperative areas.

battery-powered monitors, and simplified anesthesia delivery systems suitable for
field operations.

Supply chain considerations have become increasingly important, with hospi-
tals developing strategic reserves of critical medications and equipment. Anesthe-
siologists play key roles in determining appropriate medication stockpiles, con-
sidering factors such as shelf life, storage requirements, and anticipated usage pat-

terns during various disaster scenarios.

5.3. Communication and Coordination Systems

Effective disaster responses require robust communication systems that can func-
tion despite infrastructure damage. Anesthesiologists have been involved in de-
veloping hospital communication protocols that ensure coordination between op-
erating rooms, intensive care units, and emergency departments during disasters.

These systems include backup communication methods, standardized report-
ing protocols, and integration with regional disaster response networks. The ex-
perience of Japanese anesthesiologists has demonstrated the importance of redun-

dant communication systems and regular testing of emergency protocols.

6. DMAT Operations and Aeromedical Transport
6.1. Anesthesiologist Leadership in DMAT Operations

The role of anesthesiologists in DMAT operations extends beyond clinical care, to

include team leadership and operational coordination. The comprehensive train-
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ing program described by Anan and colleagues emphasizes the development of
leadership skills alongside clinical competencies [14]. Anesthesiologists serving as
DMAT team leaders must coordinate with multiple agencies, manage resource al-
location, and make critical decisions about patient triage and evacuation priorities.

An investigation of DMAT response guidelines for catastrophic scenarios, such
as the anticipated Nankai Trough earthquake, demonstrated the scalability require-
ments for disaster medical responses [13]. Anesthesiologists contribute to strategic
planning by providing expertise on critical care capabilities, evacuation protocols,

and resource requirements for sustained operations during prolonged disasters.

6.2. Aeromedical Transport and Critical Care

Aeromedical transport represents one of the most challenging aspects of disaster
medical responses, requiring specialized skills in aviation medicine combined
with critical care expertise. The experience documented by Matsumoto and col-
leagues following the Great East Japan Earthquake highlighted the critical role of
anesthesiologists in managing severely injured patients during helicopter and
fixed-wing aircraft transportation [2].

Key challenges in aeromedical transport include altitude-related physiological
changes, limited space for medical equipment, interference with monitoring by
the vibration and noise, and the need for simplified yet effective treatment proto-
cols. Anesthesiologists’ expertise in hemodynamic management, airway control,
and sedation makes them ideal care providers in these complex transportation

scenarios (Figure 6).

AEROMEDICAL TRANSPORT CHALLENGES IN
DISASTER RESPONSE

AIRCRAFT ANESTHESIOLOGISTS EQUIPMENT SAFETY
TYPES RESPONSIBILITIES CONSIDERATIONS PROTOCOLS
Helicopter e Airway management during flight ° Porta}ble o Pre-flight
¢ Hemodynamic monitoring monitors assessment
e Sedation protocols * Oxygen supply * In-flight
« IV pumps monitoring
| e Emergency
Fixed-wing EINVIRONMENTAL procedures
aircraft CHALLENGES
o Altitude effects
¢ Noise interference
e Vibration impacts

The figure presents the unique challenges involved in aeromedical transportation that require specialized

anesthesiology skills and adapted protocols. The protocol documents experiences from Great East Japan

Earthquake relief operations [2], and considers altitude-related physiological effects, space limitations for

medical equipment, vibration and noise interference with monitoring, and simplified treatment protocols.

The protocol also emphasizes anesthesiologists’ expertise in airway management, hemodynamic control,

and sedation for complex transport scenarios.

Figure 6. Aeromedical transport challenges in disaster responses.
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7. Education and Training Programs

7.1. Integration of Disaster Medicine Training into
Anesthesiology Residency Programs

The Japanese experience has highlighted the need for systematic integration of
disaster medicine training into anesthesiology residency programs. Current train-
ing initiatives include simulation-based exercises, DMAT participation opportu-
nities, and formal coursework in disaster medicine principles. However, while in-
ternational evidence supports this approach, Wilson-Raybould and colleagues
demonstrated that few anesthesiologists receive sufficient education and training
in disaster medicine, although over 85% believe their programs should provide
such preparation [20].

Simulation training has proven particularly valuable for disaster preparedness,
allowing residents to practice clinical skills under simulated austere conditions.
Japanese experience has identified several particularly effective simulation modal-
ities: high-fidelity manikin-based scenarios that replicate earthquake damage with
simulated power outages and equipment failures; table-top exercises focusing on
hospital evacuation decision-making and resource allocation; hybrid simulations
combining standardized patients with task trainers for regional anesthesia proce-
dures under field conditions; and multi-disciplinary team-based simulations that
include anesthesiologists, emergency physicians, nurses, and logistics coordina-
tors working together in realistic disaster scenarios. These exercises include spe-
cific scenarios such as providing anesthesia during power outages, managing mul-
tiple trauma patients with limited resources, coordinating patient evacuations,
and performing airway management in confined spaces with minimal lighting
[21]. Pfenninger and colleagues developed a comprehensive 14-module disaster
medicine curriculum that demonstrates the effectiveness of structured, multi-ex-
periential training approaches for medical students [22]. A recent study by Barsac
and colleagues highlighted the need for improved teaching approaches in anes-
thesiology and emergency medicine residency programs, with trainees expressing
a strong desire for more professional guidance, mentoring, and interactive educa-

tional experiences, including simulation and virtual reality [23].

7.2. Continuing Education for Practicing Anesthesiologists

Professional development in disaster medicine requires ongoing education be-
yond residency training. The JSA has developed continuing medical education pro-
grams that address disaster-specific clinical scenarios, infrastructure planning, and
leadership roles in emergency response. Evidence from the United States demon-
strates that only 31% of anesthesiologists feel their hospitals provide adequate dis-
aster preparation and training for natural disasters, highlighting the global need
for enhanced continuing education programs [20].

These programs emphasize practical skill development, including hands-on
training with portable equipment, interdisciplinary collaboration exercises, and

policy development workshops. The goal is to prepare anesthesiologists not only
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for clinical roles, but also for leadership positions in disaster management plan-
ning and response coordination.
Modern approaches increasingly incorporate high-fidelity simulation and im-

mersive educational experiences to enhance learning outcomes [23].

7.3. Interprofessional Training and Collaboration

Effective disaster responses require seamless collaboration between multiple med-
ical specialties and healthcare professions. Training programs increasingly em-
phasize interprofessional education, bringing together anesthesiologists, emer-
gency physicians, surgeons, nurses, and emergency medical technicians for joint
training exercises.

These collaborative training programs help establish working relationships and
communication protocols before disasters occur, improving coordination and ef-
ficiency during responses to actual emergencies. Japanese experience has demon-
strated that prior interprofessional training significantly improves team perfor-

mance during real-world disaster situations.

8. Policy Development and Professional Advocacy
8.1. Professional Society Guidelines and Recommendations

The JSA has played an increasingly active role in developing professional guide-
lines for disaster response. These guidelines address clinical protocols, training
requirements, equipment specifications, and ethical considerations specific to an-
esthesiology practice during disasters. Internationally, the Helsinki Declaration
on Patient Safety in Anaesthesiology provides fundamental principles for main-
taining anesthesia safety standards, including during emergencies and disasters
[24].

Key policy areas include standards for disaster training in residency programs,
requirements for hospital disaster preparedness, and guidelines for anesthesiolo-
gist participation in DMAT and other emergency response teams. These policies
help ensure consistent preparation and response capabilities across Japan’s healthcare
system. The Helsinki Declaration emphasizes the importance of maintaining pro-
fessional competencies, appropriate facilities and equipment, and monitoring ca-

pabilities even under challenging conditions [24].

8.2. Integration with National Disaster Response Planning

Anesthesiologists have become increasingly involved in national-level disaster re-
sponse planning, contributing their clinical expertise to policy development and
resource allocation decisions. This involvement includes participation in govern-
ment advisory committees, contribution to national medical response protocols,
and input on healthcare infrastructure resilience planning.

Integration of anesthesiologist perspectives into national planning has im-
proved the effectiveness of medical response capabilities, and ensured that spe-

cialized clinical needs in disaster preparedness strategies are addressed.

DOI: 10.4236/0janes.2025.1512023

308 Open Journal of Anesthesiology


https://doi.org/10.4236/ojanes.2025.1512023

M. Yamakage

8.3. International Collaboration and Knowledge Sharing

Japan’s extensive disaster experience has positioned the country as a leader in
disaster medicine, with Japanese anesthesiologists contributing to international
knowledge sharing through professional organizations such as the WFSA.

International collaboration efforts include participation in global disaster re-
sponse exercises, sharing of training curricula and protocols, and contribution to
international disaster medicine research initiatives. These activities help dissemi-
nate the lessons learned in Japan, to improve global disaster preparedness capa-
bilities.

9. Future Challenges and Opportunities
9.1. Climate Change and Evolving Disaster Patterns

Climate change is altering the frequency and severity of natural disasters in Japan,
with increasing intensity of typhoons, more frequent extreme precipitation events,
and changing patterns of seasonal disasters. These changes require adaptation of
disaster response strategies and training programs to address evolving threat pat-
terns.

Anesthesiologists must prepare for longer-duration disasters, more complex
multi-hazard events, and increased frequency of extreme weather emergencies.
This preparation includes developing protocols for sustained operations, manag-
ing resource utilization over extended periods, and coordinating care during cas-

cading disaster scenarios.

9.2. Aging Population and Complex Medical Needs

Japan’s rapidly aging population presents increasing challenges for disaster re-
sponse, with growing numbers of elderly patients requiring complex medical care
during emergencies. Research demonstrates that older adults face heightened risks
during disasters due to impaired mobility, cognitive deficits, and chronic medical
conditions [25]. Anesthesiologists must, therefore, develop specialized protocols
for managing elderly patients with multiple comorbidities, cognitive impairment,
and high dependency needs during disasters.

These challenges include managing patients on chronic medications, providing
care for those with advanced directives, and coordinating care transitions for el-
derly patients during prolonged evacuations. Specialized training in geriatric dis-
aster medicine is becoming increasingly important for anesthesiologists. Climate
change further exacerbates these challenges, with compound disasters potentially

increasing cardiovascular and cerebrovascular risks in elderly populations [26].

9.3. Technology Integration and Innovation

Advancing technology offers new opportunities for improving disaster response
capabilities. Consultations via telemedicine systems can provide remote support
to anesthesiologists working in isolated disaster areas. Portable diagnostic equip-

ment continues to improve, offering enhanced monitoring capabilities in field
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conditions.

Artificial intelligence and decision support systems may also help optimize re-
source allocation and clinical decision-making during disasters, when cognitive
load is high and time pressures are intense. Anesthesiologists must stay current
with technological advances, while maintaining proficiency in low-technology ap-

proaches for situations where advanced systems are unavailable.

9.4. Research and Evidence Development

Despite extensive disaster experience, many aspects of disaster anesthesiology lack
robust research evidence. Future research priorities include studies comparing the
outcomes of different clinical approaches, effectiveness research on training pro-
grams, and health economics analyses of investments in disaster preparedness.
Collaborative research networks can help standardize data collection during
disasters, enabling more comprehensive analysis of clinical outcomes and system
performance. International research collaboration can accelerate knowledge de-

velopment and improve evidence-based practice in disaster anesthesiology.

10. International Implications and Global Applications

10.1. Transferability of Japanese Lessons

While Japan’s disaster experience is extensive, transferability of the lessons to
other countries requires careful consideration of the differences in healthcare sys-
tems, resource levels, and disaster risk profiles. A comparison with California’s
disaster medical response system illustrates both similarities and key differences
that help contextualize the applicability of Japanese lessons.

Structural Comparison: California’s Disaster Medical Assistance Teams (Cal-
MAT) share Japan’s DMAT empbhasis on rapid deployment and specialized train-
ing, but operate within a more decentralized healthcare system [27]. California
relies heavily on hospital-based disaster preparedness and mutual aid agreements
between counties, integrating with federal Disaster Medical Assistance Teams
(DMAT) when needed. In contrast, Japan’s model features centralized national
coordination through the Cabinet Office and Ministry of Health, with standard-
ized protocols implemented uniformly across all prefectures. This centralization
enables more consistent training standards and deployment procedures but re-
quires greater governmental coordination.

Role of Anesthesiologists: Both systems recognize anesthesiologists as valuable
disaster response team members, but their roles differ in emphasis. California’s
approach relies more heavily on emergency physicians for medical team leader-
ship, with anesthesiologists serving primarily in clinical support roles for complex
airway management and perioperative care. Japan has increasingly embraced an-
esthesiologist leadership across multiple disaster response domains, including
field medicine, hospital evacuation coordination, and DMAT team command.
This difference partly reflects Japan’s recognition that anesthesiologists’ critical

care training and experience with high-stress decision-making translate effectively
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to disaster leadership roles.

Training and Certification: Japan’s DMAT certification requires intensive
multi-day training courses with regular recertification and participation in actual
disaster response exercises. California’s system emphasizes hospital-specific dis-
aster drills and county-level exercises, with less standardized national certification
requirements for individual responders. Both approaches have merit: Japan’s
model ensures consistent competency but requires significant time investment,
while California’s approach allows greater flexibility but may result in variable
preparedness levels.

Resource Allocation: Japan’s universal healthcare system facilitates more uni-
form resource distribution and disaster preparedness across facilities, whereas
California’s mixed public-private healthcare system creates variation in institu-
tional disaster readiness. However, California’s system benefits from substantial
private sector resources and innovation, while Japan’s approach ensures baseline
preparedness even in resource-limited rural facilities.

Lessons for Transferability: This comparison suggests that while specific or-
ganizational structures must be adapted to local healthcare systems and govern-
ance models, several core principles remain universally applicable: the critical im-
portance of specialized disaster medicine training for anesthesiologists, the value
of systematic integration of anesthesiologists into disaster response planning, the
need for regular simulation exercises and skills maintenance, and the benefit of
formal recognition of anesthesiologists’ expanded roles in disaster scenarios [28].
Countries adapting Japanese lessons should consider their existing healthcare in-
frastructure, regulatory environment, and disaster risk profiles while maintaining

these fundamental principles.

10.2. Global Professional Development

International anesthesiology organizations can benefit from incorporating Japa-
nese disaster medicine experiences into global professional development pro-
grams. Training curricula, simulation scenarios, and clinical protocols developed
in Japan can serve as models for international adaptation.

Professional exchange programs and international training opportunities can
help disseminate Japanese expertise, while allowing for cultural and system-spe-
cific adaptations. These programs can accelerate global improvement in disaster

preparedness capabilities.

10.3. Humanitarian Response Applications

The skills and protocols developed for domestic disaster response in Japan have
direct applications to international humanitarian medical responses. Japanese an-
esthesiologists have successfully applied their disaster medicine expertise to inter-
national relief operations, demonstrating the global relevance of their training and
experience.

International humanitarian organizations can benefit from incorporating Jap-
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anese disaster anesthesiology protocols into their medical response capabilities,
particularly for complex emergencies requiring sustained medical operations un-

der challenging conditions.

11. Clinical Practice Recommendations
11.1. Individual Practitioner Development

Anesthesiologists should pursue disaster medicine training through available pro-
grams, such as DMAT certification, simulation-based training courses, and con-
tinuing education opportunities. Individual preparedness includes maintaining
current knowledge of disaster protocols, practicing skills with portable equipment,
and developing personal emergency response plans.

Professional development should include interdisciplinary collaboration skills,
leadership training, and communication skills for high-stress environments. Reg-
ular participation in disaster drills and exercises helps maintain readiness and

identifies areas of improvement.

11.2. Institutional Preparedness

Healthcare institutions should formally integrate anesthesiologists into disaster
planning committees and for establishing emergency response protocols. This in-
tegration includes developing anesthesiology-specific disaster protocols, ensuring
adequate equipment and supply reserves, and establishing communication sys-
tems for emergency coordination.

Regular disaster preparedness exercises should include perioperative scenarios
and test the functionality of backup systems for operating rooms and intensive
care units. Staff training programs should address disaster-specific clinical scenar-

ios and emphasize interdisciplinary collaboration.

11.3. Professional Society Leadership

Anesthesiology professional societies should develop and maintain disaster med-
icine guidelines, support training program development, and advocate for appro-
priate integration of anesthesiologists into disaster response systems. Interna-
tional collaboration can help share best practices and accelerate improvement in
global disaster preparedness.

Professional societies should also support research initiatives to develop evi-
dence-based practices in disaster anesthesiology and promote quality improve-

ment through systematic evaluation of disaster response experiences.

12. Conclusions

Extensive disaster experience in Japan has clearly demonstrated that anesthesiol-
ogists play critical and multifaceted roles in disaster medicine that extend far be-
yond traditional perioperative care. Their unique combination of technical skills,
clinical knowledge, and experience in high-pressure environments makes them

invaluable contributors to disaster response teams. The Japanese experience pro-
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vides compelling evidence for the systematic integration of anesthesiologists into

disaster preparedness and response systems.

Key lessons from Japan include the importance of adaptability in clinical prac-

tice, the value of interdisciplinary collaboration, and the need for specialized train-

ing in disaster medicine. Anesthesiologists have demonstrated capability in di-

verse roles, including field medicine, hospital evacuation coordination, DMAT

leadership, and infrastructure planning. These experiences have led to develop-

ment of specialized protocols, training programs, and equipment designed specif-

ically for disaster response.

The evolving nature of disaster risks, including the impact of climate change

and demographic transitions, requires continued adaptation and improvement of

disaster medicine capabilities. Anesthesiologists must remain engaged in profes-

sional development, research activities, and policy discussions to ensure contin-

ued effectiveness in disaster response roles.

Table 2. Key lessons learned and future directions.

Category Key Lessons Learned Future Directions Implementation Strategies
Anesthesiologists demonstrated
o & o Develop standardized disaster e Establish a national disaster
& 9 remarkable flexibility in disaster . . . .
B e ” anesthesia training programs anesthesia curriculum
p] settings
= 8 5 . * Create specialized disaster response * Implement mandatory simulation
S M Expanded roles beyond traditional o
2 = ] . teams training
s 8 perioperative care . . .
< B . . Formalize an expanded scope of * Integrate disaster response into
< O Rapid integration into DMAT . . .
v practice anesthesiology residency programs
structures
Critical importance of teamwork . . . . .
. .. Strengthen inter-professional * Joint training exercises across
E o with emergency physicians, . o o
g .S disaster training specialties
= surgeons, nurses . L . .
& g 8 * Develop unified communication  * Standardized communication
3 8 Improved outcomes through
B . protocols systems
A~ coordinated approaches . . o .
LR o . ¢ Create collaborative disaster * Multi-disciplinary disaster response
e O Communication challenges in .
= committees

Considerations

crisis settings

Unique challenges in managing

elderly patients in disasters
Increased comorbidities and .
medication requirements

Special evacuation and .

transportation needs

leadership models

Develop age-specific disaster
protocols

Enhance geriatric disaster medicine
training

Research on medication
management during disasters

Specialized elderly care protocols
Targeted training programs
Partnership with long-term care
facilities

Infrastructure & | Aging Population

Technology

Importance of equipment .
resilience

Backup systems critical for .
continuity

Need for portable, durable o

medical devices

Invest in seismic-resistant
medical infrastructure

Develop portable advanced
monitoring

Improve telemedicine capabilities
for remote support

Building code improvements
Mobile medical technology
advancement

Cloud-based medical record
systems with offline capabilities

Key insights and future directions for anesthesiologists’ integration into disaster medicine, including demographic challenges and

educational needs. The table summarizes adaptability requirements and expanded scopes of practice [5]-[9], importance of inter-

disciplinary collaboration across all disaster types [1]-[16], considerations for aging populations and climate change impacts [13]-

[15] [25] [26], infrastructure and technology improvements [3] [4] [19].
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The international implications of Japanese experience are significant, offering
models for training, protocols, and system integration that can be adapted to dif-
ferent healthcare systems and resource levels. Global collaboration in disaster med-
icine research and training can accelerate improvement in worldwide disaster pre-
paredness capabilities.

Moving forward, integration of anesthesiologists into disaster medicine should
be viewed not as an additional responsibility, but as a natural extension of their
clinical expertise and professional commitment to patient care under all circum-
stances. The Japanese experience demonstrates that with appropriate training,
equipment, and system support, anesthesiologists can make extraordinary contri-
butions to disaster responses and community resilience.

The future of disaster medicine requires continued innovation, adaptation, and
collaboration among all healthcare professionals. Anesthesiologists, with their unique
skill set and proven efficacy in disaster settings, must continue to play leadership
roles in this critical area of medical practice. The lessons learned from Japan’s
disaster experiences provide a foundation for continued improvement and global

application of these important capabilities (Table 2).
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