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Purpose: Fire response education is critical for healthcare providers working in hospitals to ensure a safe environment
for patients and staff. However, a comprehensive review that thoroughly examines the contents, methodologies, and
outcomes of fire response education in hospitals is currently lacking.

Methods: We conducted a scoping review by adhering to the framework proposed by Arksey and O'Malley. We searched
five electronic databases for literature published after 1990, using the key categories of "hospitals,” "fires,” and
“education.” As a result, we identified 15 relevant articles that met our inclusion criteria for the review.

Results: Of the 15 articles, 12 had adopted a quasi-experimental design and the remaining 3 had employed a true
experimental design. The majority of these studies (11 out of 15) were conducted in the United States, with 4 studies
forming committees or teams dedicated to education. Simulation methods were used in 13 studies, while 2 studies
had employed a combination of methods. All studies focused on first-response procedures based on RACE (Rescue,
Alarm, Contain, Extinguish/Evacuation). Outcome measures included the learners’ overall experience, performance in
the educational settings, and performance in the field, with all studies reporting positive results following the educational
interventions.

Conclusion: Our review highlights the importance of multi-professional and multi-departmental educational strategies
based on institutional-level initiatives for healthcare providers to create a safe hospital environment.
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Figure 1. Flow chart of study selection.
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Table 1. General characteristics of study.
Characteristics categories n (%) Reference No.
Publication year 1991~2004 3(20.0%) Al, A2, A3
2005~2015 3(20.0%) A4, A5, AG
2016~2022 9(60.0%) A7, A8, A9, A10, Al1, A12, A13, Al4, A15
Study design Quasi experimental design 12(80.0%) Al, A2, A3, A4, A5, AG, A9, A10, A12, Al13, Al4, Al5
Pure experimental design 3(20.0%) A7, A8, All
Country Not reported or not clear 1(6.7%) A4
USA 11(73.3%) Al, A2, A3, A5, AG, A9, A10, Al1, A12, A13, A15
Belgium 2(13.3%) A7, Al4
China 1(6.7%) A8
Setting Not reported or not clear 8(53.3%) Al, A4, A5, A9, A10, Al1, A13, A15
Various 7(46.7%) A2, A3, A6, A7, A8, A12, Al4
Samples Not reported or not clear 4(26.7%) A2, A3, A5, AG
Various 11(73.3%) Al, A4, A7, A8, A9, A10, Al1, A12, A13, Al4, A15
Participant’s occupation Not reported or not clear 2(13.3%) Al, A6
Only surgeon 2(13.3%) A4, A9
Multiprofessional participants 11(73.3%) A2, A3, A5, A7, A8, A10, Al1, Al12, Al13, Al4, Al5
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Table 2. Characteristics and outcomes of program.
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Characteristics categories n (%) Reference No.

Initiative Researcher 11(73.3%) Al, A4, A5, A7, A8, A9, A10, All, Al12, Al13, Al4
Committee etc. 4(26.7%) A2, A3, A6, A15

Module Simulation In situ simulation 8(53.3%) Al, A2, A3, A5, AG, A10, Al1, Al12

Virtual reality simulation 5(33.3%) A7, A9, A13, Al4, A15

Except simulation 2(13.3%) A4, A8

Frequency Not reported or not clear 1(6.7%) A10
1 trial 10(66.7%) Al, A2, A3, A4, A5, AG, A8, All, Al12, Al4
Over 1 trial 4(26.7%) A7, A9, A13, Al15

Duration Not reported or not clear 8(53.3%) Al, A2, A4, AG, A10, Al1, Al3, Al4
Various 7(46.7%) A3, A5, A7, A8, A9, Al12, Al15

Simulation scenario

Outcomes

Covering 1 unit
Covering over 1 unit
Reaction

Learning

Behavior

Result

12(80.0%)
1(6.7%)
6(40.0%)
14(93.3%)
2(13.3%)

0(0.0%)

Al, A2, A3, A5, A7, A9, A10, Al1, A12, Al13, Al4, Al15
A6
A2, Al1, A12, A15, A13, A15

Al, A2, A3, A4, AG, A7, A8, A9, A10, Al1, Al12, A13, Al4, A15

A4, Al4
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Appendix 1. Database Search Strategy

Category Keyword
Hospital hospital
Training education, workshop, program, training, program training, training program, training, drill
Fire fire
Category Search text
PubMed
Hospital ((hospitals[MeSH Terms]) OR (hospitals[Title/Abstract])) OR (hospital[Title/Abstract]))
AND
Training ((education[MeSH Terms]) OR (education[Title/Abstract]) OR (workshoplTitle/Abstract]) OR (programlTitle/Abstract]) OR (train-
ing[Title/Abstract]) OR (drill[Title/Abstract]) OR (Program, Training[Title/Abstract]) OR (Training Program(Title/Abstract]))
AND
Fire ((firesIMeSH Terms]) OR (fire[Title/Abstract])) OR (fires[Title/Abstract]))
CINAHL
Hospital (“hospital” OR (MH “hospital”))
AND
(“education” OR (MH “education”)) OR (*workshop” OR (MH “workshop”)) OR (“training” OR (MH “training”)) OR (“program” OR (MH
Training “program”)) OR (“program, training” OR (MH “program, training”)) OR (“training, program” OR (MH “training, program”)) OR (“drill”
OR (MH “drill”)) OR (“training program” OR (MH “training program”))
AND
Fire (“fire” OR (MH “fire”))

Web of Sciencce

Hospital (TS=(hospital)) OR TS=(hospital®)
AND
Training (TS=(education)) OR (TS=(workshop)) OR (TS=(training)) OR (TS=(program)) OR (TS=(program, training)) OR (TS=(training, program))
OR (TS=(drill)) OR (TS=(training program))
AND
Fire (TS=(fire)) OR (TS=(fire*))
EMBASE
Hospital hospital’ /exp/mj OR hospital:ab,ti
AND
Training training’ /exp/mj OR training:ab,ti OR ‘program’/exp/mj OR program:ab,ti OR ‘training programs’/exp/mj OR ‘training pro-
grams’:ab,ti OR ‘education’/exp/mj OR education:ab,ti OR ‘workshop’/exp/mj OR workshop:ab,ti OR ‘drill' /exp/mj OR drill:ab,ti
AND
Fire fire’/exp/mj OR fire:ab,ti
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Appendix 2. Studies Included in Scoping Review
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Appendix 3. Summary of General Characteristics of studies

. 1 Author . . Samples . . s .
Article (year) Study Design  Setting (Country) Total (EGY/CG?) Participant’s Occupation
Al Halstead (1993) Post test only N/R» (USA) 11-12 people in Unclear
each OR?
A2 Flower (2004) Post test only 12 OR (USA) N/R R.egistered nurse, Lic.ensed practical nurse, surgical technolo-
gist, and nursing assistant
A3 Salmon (2004) Post test only ggook;fds Usa) N/R OR and anesthesia staff
Trainingl: 152 Trainingl: Intern, resident
Ad Lypson (2005) Post test only  N/R (N/R) Training2: N/R Training2: anesthesia and surgical faculty
A5 Hohenhaus Post test only  N/R (USA) N/R Unclear
(2008)
Neonatologists, advanced practice nurse, clinical nurses,
A6 Femino (2013) Post test only 600 bedss)(USA) Unclear respiratory therapist,
40 NICU? beds h } . .
unit coordinators, administrative staff
A7 All 2017) Solomon four IQOO+ beds (Bel- 133 (65/69) Docto.rs, nurses, cleaning personnel, administrative staff,
group gium) technical staff
A8 Lee (2018) RCT 500+ beds (China) 128 (64/64) Doctor, nurse, therapist
A9 S(;r(l)l;ganarayana Pre-post test  N/R (USA) 20 (10/10) General Surgery residents, OBGYN® residents.
Al0 Acar (2019) ?g;{ test only N/R (USA) 28 (15/13) 2, 3year anesthesia residents, nurse anesthetists, OR nurses
T RCT Surgeon, physician assistant, anesthesia OR nurse, surgical
All Kishiki (2019) Retention test /R (USA) 82 (53/29) tech
Surgery residents, surgery intern, senior anesthesia resident,
Al12 Mai (2020) Post test only 999 beds (USA) 86 junior anesthesia resident(or certified registered nurse anes-
thetist), OR nurse, surgical technologist
Al3 Qi (2021) Post test only N/R (USA) 53 Attendings, fellows, residents, others
. Pre-post-re- 270 beds (Bel- Administrative staff, nurses, cleaning personnel, doctors,
Al4 Rahouti (2021) tention test gium) 78 (31/47) technical staff
Surgeons, anesthesiologists, registered nurse, nurse prac-
Al5 Truong (2022) Pre-post test  N/R (USA) 180 titioners, physician assistants, scrub technicians, medical

students, residents, and fellows

V) EG=Experimental group, 2 CG=Control group, ¥N/R=Not reported, “OR=Operation room, ¥ NICU=Neonatal intensive care unit, “OBGYN=Obstetrics and gynecology
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Appendix 4. Summary of Characteristics and Outcomes of Programs

Article 1%t Author (year) Initiative Module Contents Results
Al Halstead Researcher Training 1: Elements of fire Training 1:
(1993) Lecture using video Initiate alerting Evacuated safely
Orientation Evacuate patients safely Training 2:
Single trial of in-situ scenario-based Use fire extinguisher Better understanding of
simulation exercise using SP” at OR? (PASSY) fire fighting
Report sharing
Training 2:
Lecture
Fire Extinguisher demonstration by fire
officer at local fire department
A2 Flower A fire safety  Lecture by unit education manager Fire policy Everyone was pleased with
(2004) committee Single trial of in-situ scenario-based Avoid smoke inhalation fire drill
simulation exercise using SP and fake Alarm Showed good performance
flame at OR Extinguish a fire based on learned knowl-
Critique Evacuate edge
A3 Salmon Planning Single trial of 1hr in-situ scenario-based = RACE? Feeling of accomplishment
(2004) committee simulation exercise using low-fidelity Needs for fire drills
manikins, SP and fire extinguisher at OR Good performance of RACE
A4 Lypson Researcher Training 1 Overview of fire in facility =~ Training 1:
(2005) Single trial of audio-visual lecture at Understanding prevent
separate training station and brochure surgical fires
during intern orientation Training 2:
Test Policies are reviewed &
Training 2 updated
Audio visual lecture with brochure,
and continuous displaying posters and
signage
A5 Hohenhaus Unit member 1hr program of setup, in-situ scenar- Remove the fuel, oxygen Team communication con-
(2008) io-based simulation exercise using a source cept was improved
low-fidelity manikin at OR, and debrief-  Contain and extinguish fire ~Adherence to hospital poli-
ing Alarm personnel cy was important
Shut off electricity
Evacuate a patient
A6 Femino Planning Table-top exercise rehearsal Vertical evacuation Horizontal evacuation took
(2013) team Single trial of in-situ scenario-based sim- Transfer to other hospital 3min
ulation exercise using simulated infants Obtaining statewide NICU®
manikin, communication software (we- beds took 1.5hrs
bEOC?) at multisite in hospital
A7 All Researcher EG”: EG: Both groups score better
(2017) 4 trials (3 scenarios & 1 random sce- Alarm internally/ex- than before education (EG
nario) of digital-game based drill with ternally, right position scored better than CG) in
laptop computer and headphone for to open the door, ex- knowledge test
35min tinguish fire, evacuate Both groups score better
CG¥: mobile, wheelchair, than before education (EG
25min a slide-based lecture (3 themes immobile patients scored better than CG) in
as same as game scenarios). with actual CG: motivation
fire extinguisher, a fire blanket and a Right steps and proce- EG took less time than CG
fire horse dure in fire
A8 Lee Researcher EG: EG: Generic Knowledge of fire
(2018) Single trial of 14min web-based video Basic response to a hospi- prevention and evacuation
lecture tal fire and patient evacua- was improved
Knowledge test tion methods
CG: CG:
Single trial of 6min web-based video Introducing volcanic
lecture disaster
Knowledge test
A9 Sankaranarayana Researcher EG: Discontinue of the anesthe- Training 1:
(2018) Pre-test sia mask Knowledge was improved

A 15min in-person lecture based on
SAGES? FUSE'” manual
Strials of immersive VRV simulation
drill with HMD'?, handheld and trigger
switch
Post-knowledge test
Post-simulation test using high fidelity
mannequin at operative skills lab

CG:
Pre-test
A 15min in-person lecture based on
SAGES FUSE manual
Post-knowledge test
Post-simulation test using high fidelity
mannequin at operative skills lab

Turn off the gas
Removal of the surgical
drape

Extinguish fire

(no difference between
EG and CG)

Training 2:
EG is better than CG in
performance
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Article 1*t Author (year) Initiative Module Contents Results
A10 Acar Researcher EG: Manage hypotensive event  EG did more critical actions
(2019) In-situ scenario-based simulation for warming up than CG
using high fidelity manikin, evacuation Install Leadership No difference between EG
device and checklist at OR Evacuate one operating and CG in evacuation time
CG: patient
In-situ scenario-based simulation using
high fidelity manikin and evacuation
device at OR
All Kishiki Researcher EG: Risk Assessment Both group highly rated the
(2019) Single trial of in-situ scenario-based Recognition and Alarm course
simulation exercise using high fidelity ~ Identifying, controlling and EG got more confidence
manikin and fog machine at OR removing fuel and turning than CG
Pre-test off oxygen from patient EG did more critical actions
Lecture Extinguishing Fire than CG
Single trial of In-situ scenario-based Event follow-up EG took less time to com-
simulation post- test at OR plete critical actions than
Retention-test CG
CG: No difference between EG
Pre-test and CG in Knowledge
Lecture
Single trial of In-situ scenario-based
simulation post- test at OR
Retention-test
Al12 Mai Researcher oT® Identifying situations Realistic (80.0%)
(2020) Single trial of 90min in-situ scenar- Manage OR fire in RACE Relevance (93.0%)
io-based simulation Exercise using Reduce adverse outcomes Changed their practice
high-fidelity manikin at OR Apply crisis management (82.0%)
Debriefing with recording system Promoted teamwork (80%)
Al3 Qi Researcher oT Principle of the fire triangle Face validity were rated
(2021) Practice and FUSE curriculum greater (72.7%)
2trials of immersive VR simulation Exer- Al guidance was useful
cisel using HMD and hand-held control- (79.3%)
lers at SAGES annual conference AI'Y guidance improved the
1~3 trials of Immersive VR simulation performance significantly
Exercise2 using HMD and hand-held con-
trollers with Virtual Intelligent Preceptor
(VIP) at SAGES annual conference
Questionnaire
Ald Rahouti Researcher EG: Principle of the fire reac- EG showed improvement
(2021) Pre-test tion in Knowledge acquisition,
Single trial of non-immersive VR Exer- fire categories, fire preven- self-efficacy in after test
cise using personal computer, mouse tion measures, emergency  and retention test
and keyboard signs, fire detection Change of Intrinsic motiva-
Post-Test concepts of announcement, tion was not significant
Retention-Test alert, and alarm
CG evacuation procedure
Pre-test
Slide based lecture
Post-test
Retention-test
Al5 Truong group oT Extinguish OR fire Experienced favorably
(2022) acclimatization time within 2 min based on Respond to confident
pre-survey fire triangle and FUSE (45.4%)

3 trials of 2min immersive VR simula-
tion exercise using HMD and hand-held
controllers

2 trials of 2min immersive VR simulation
exercise using HMD and hand-held con-
trollers with Al guidance

post-survey

guideline

Pass on simulation test EG
(54%)>CG (24%)
Many trials help to pass

DSP=Standardized patient, 20OR=Operation room, *PASS =Pull, aim, squeeze, sweep, YRACE=Rescue, alert, contain, extinguish/evacuation; YEOC=Emergency operations center, ¢
NICU=Neonatal intensive care unit, ”EG =Experimental group, ®CG=Control group, ?SAGES=The society for American gastrointestinal and endoscopic surgeon, '’FUSE=The funda-
mental use of surgical energy, '""VR=Virtual reality, '?"HMD=Head-mounted display, '’OT=Orientation, YAl=Artificial intelligence
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