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INTRODUC TION/BACKGROUND

Mass casualty incident (MCI) triage simulation has been utilized for 
years to prepare hospital staff to respond to disaster- level events, 
most often in emergency medicine (EM) training programs and 
within a hospital setting.1 These simulations focus on hospital- based 

interventions and resuscitation capabilities and may use institution- 
specific triage algorithms.2 This style of simulated triage and resusci-
tation, with consideration of available resources, has even developed 
into a competitive interprofessional event called SimWars.3

Prehospital MCI simulation, in contrast, has historically been 
reserved for prehospital providers and nursing training programs4 
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Abstract
Background: Mass casualty incident (MCI) triage simulation is an increasingly useful 
tool for teaching triage systems to medical students, trainees, and hospital staff. MCI 
simulation in the prehospital setting has not yet been studied in this population.
Objectives/Aims: We aimed to assess the effectiveness of a prehospital MCI simula-
tion in medical students, residents, and fellows. Our primary outcome was knowledge 
of the components of the triage algorithms used in MCI response. Our secondary 
outcome was each participant's confidence level if required to assist with or lead a 
MCI response.
Methods: This was an observational study with pre–post surveys. We recruited 30 
medical students, 14 emergency medicine (EM) residents, and four pediatric EM fel-
lows	to	fill	out	a	survey	before	and	after	a	3-	h	simulation	session	practicing	the	START	
and	JumpSTART	algorithms	on	two	prehospital	MCI	scenarios.
Results: Overall, all groups demonstrated significant improvement in knowledge of tri-
age colors, information needed to assign a triage color, pediatric airway management 
during a MCI, and indications for breaths- first CPR. They also demonstrated signifi-
cant increase in confidence both in assisting with and in leading a MCI response.
Conclusions: Simulated practice triaging patients in prehospital MCI scenarios im-
proves knowledge of triage algorithms and increases confidence in assisting with or 
leading a MCI response in medical trainees.
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without	 inclusion	 in	 graduate	 medical	 education	 (GME).	 As	 GME	
providers are rarely deployed to the scene of an MCI, it follows that 
their educational focus is on the in- hospital response rather than 
prehospital management unless in certain circumstances such as 
an emergency medical services rotation. In recent years prehospi-
tal MCI simulation has seen increased inclusion in medical student 
curricula,5,6 typically utilizing the simple triage and rapid treatment 
(START)	triage	algorithm7 in quiz format, whereby all patients are tri-
aged by a single person. In a real- life prehospital scenario, there may 
be multiple individuals participating in the triage process.

Additionally,	MCIs	 in	 certain	 wilderness	 settings	 require	 addi-
tional triage considerations. Lightning strikes resulting in multiple 
casualties follow a reverse triage process8 that is not typically in-
cluded in triage algorithms. Wilderness incidents that may result in 
a primary respiratory arrest (lightning strike, avalanche burial, sub-
mersion) also warrant expeditious airway protection and emphasis 
on breaths- first cardiopulmonary resuscitation (CPR).9

The	START	and	JumpSTART10 algorithms utilize colored tags to 
label the severity of adult and pediatric patients, respectively, in a 
MCI.	In	a	comparative	analysis	between	triage	systems,	START	has	
shown an 85% sensitivity for detecting critical injury in trauma pa-
tients.11	JumpSTART	has	shown	to	be	faster	than	the	pediatric	Sort,	
Assess,	 Lifesaving	 Interventions,	 and	 Treatment/Transport	 (SALT)	
algorithm,	 saving	 paramedics	 8 s	 per	 patient	 in	 assigning	 a	 color	
designation.12

To date, to our knowledge, there is no study comparing the ef-
ficacy of a prehospital simulation session on both knowledge and 
confidence with MCI triage or in learners of different levels (medical 
students, residents, and fellows). Our study aimed to introduce the 
START	 and	 JumpSTART	 algorithms	 to	 a	mixed	 group	 of	 students,	
residents, and fellows at various training levels and assess their re-
call on the elements of the triage algorithms as well as their confi-
dence in responding to an out- of- hospital MCI.

MATERIAL S AND METHODS

Recruitment

Participants were invited to attend an event titled Outdoor SIM Day 
scheduled during the weekly conference for the EM residency pro-
gram; this was also when graduating medical students had returned 
to campus for their residency preparation courses. EM residents, 
graduating fourth- year medical students (MS4s), and pediatric EM 
(PEM) fellows were all invited to participate. This study was deemed 
exempt by the University of California San Diego Institutional 
Review Board.

Intervention

We hosted a 3- h simulation session with pre-  and postsession sur-
veys	assessing	components	of	the	START	and	JumpSTART	algorithms	

as well as everyone's confidence in assisting with and leading a MCI 
response. During the session, participants were given a 15- min in-
troduction to the use of the triage systems following either a check-
list listed on a commercial triage tag or a printed algorithm sourced 
from the U.S. Department of Health and Human Services website. 
Both formats were provided as there were insufficient triage tags 
for every participant. They were then divided into two groups to 
complete the first of two simulated scenarios (school bus crash and a 
boat	collision).	Each	scenario	lasted	15–20 min,	followed	by	a	30-	min	
debrief reviewing the triage tags assigned and care provided during 
the scenario. Participants had a 10- min break while switching to the 
next scenario.

Within each group, all participants were randomly assigned to 
be either a victim or a rescuer. Scenarios were designed to have 
12–16 victims and a minimum of six rescuers with no maximum. 
Some participants were assigned to start out as a rescuer and then 
become a victim during the scenario, unbeknownst to the other 
rescuers. Participants were encouraged to switch roles in the fol-
lowing scenario to get experience as both a victim and a rescuer, 
although this was not enforced. Participants given a more passive 
role in the first scenario (i.e., black tag) were prioritized to receive 
a more active role in the following scenario if not switching into a 
rescuer role.

Each victim was given a card listing the victim's approximate 
age, complaint(s), physical examination finding(s) they had to act 
out, and the color triage tag they were to ultimately be assigned. If 
a rescuer had to perform an action (i.e., repositioning the airway) 
or assessment (i.e., ability to walk) to determine the triage cate-
gory, this was also listed on the card for the victim to either act 
out or verbalize when performed or assessed (Figure 1). Rescuers 
were not allowed to see the victims' cards. Rescuers were allowed 
5 min	to	prepare	a	strategy	while	victims	were	given	moulage	and	
props to help act out their assigned role. No leadership roles were 
preassigned, as the rescuers were instructed to formulate their 
plan of approach prior to starting and adapt it over the course of 
the scenario.

EM attending faculty with either pediatric or wilderness sub-
specialty training served as facilitators. Facilitators read each 

F I G U R E  1 Sample	card	for	victim	assignment.
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scenario from a script as well as standard instructions for rescuers 
on how to request examination finding that victims were unable to 
act	out	as	well	as	how	victims	should	respond	(Appendix	S1). One 
facilitator was assigned to time the scenario, as a major event oc-
curs at the 10- min mark. One facilitator played the role of dispatch 
and emergency medical personnel when they arrive on scene. One 
facilitator supervised any CPR interventions performed on man-
nequins. While CPR is generally discouraged during MCI triage and 
response, we wanted to provide mannequins as an option for any 
rescuer	that	felt	compelled	to	initiate	CPR	on	a	victim.	Any	addi-
tional life-  or limb- saving interventions needed to be improvised 
from a small bag of medical supplies provided or anything the res-
cuers were actively wearing during the simulation. The medical 
supply bag included one emergency blanket, one moldable alumi-
num splint, one elastic bandage wrap, one Velcro tourniquet with 
a built- in windlass, and three pieces of extra clothing including 
shirts and pants to be used for improvised splinting material or 
bleeding control.

At	 the	 end	 of	 each	 scenario,	 all	 victims,	 rescuers,	 and	 facili-
tators within the scenario huddled together for a group debrief 
(Appendix	S2). Each victim was asked to explain what injury or prob-
lem they had; what actions, assessments, or treatments were per-
formed	on	them;	and	what	color	triage	tag	they	were	assigned.	As	a	
group, the triage algorithm was reviewed and determined whether 
each victim was correctly assessed and triaged. If there was any 
discrepancy in what the victim received, this was reviewed and dis-
cussed as a group. The results of each of these were not recorded in 
the survey, as not all rescuers attended to all victims, and we antici-
pated that some victims would be triaged multiple times by different 
rescuers while others may not get triaged at all during the scenario. 
This was intentional to reflect the chaos and possibility of duplicate 
work	and/or	missed	patients	 in	 a	 real-	life	prehospital	 setting.	Any	
field interventions applied were also reviewed as a group, and dis-
cussion on ways to improvise devices such as tourniquets, cervical 
collars, pelvic binders, and splints was reviewed.

After	all	the	victims	presented,	the	rescuers	were	asked	to	de-
brief the challenges they faced in their scenario, what they thought 
went well during the scenario, and how they felt working together 
as a team of mostly strangers. Each group then switched into the 
next	scenario	and	repeated	the	process.	After	everyone	had	finished	
debriefing from the second scenario, participants were invited to fill 
out the postsession survey.

Data collection

Participants were invited to fill out an online survey using a QR 
code	 that	 assessed	 them	 on	 the	 components	 of	 the	 START	 and	
JumpSTART	algorithms,	indications	for	reverse	triage	in	wilderness	
and austere environments, and their confidence assisting with and 
leading an MCI response. The same survey was distributed before 
and after the simulation session to assess changes in knowledge and 
confidence. Facilitators were excluded from the survey.

Data analysis

A	sample	size	of	43	was	calculated	based	on	previous	test	score	im-
provement in the McMains study with a goal improvement of 50% 
on the tests after our session with an alpha level of 0.05 and power 
size of 0.8. Paired t- tests using an effect size of 0.5 and alpha of 
0.05 were used to determine the mean change in each knowledge 
area and confidence levels. Questions that only had one correct an-
swer were graded 0 for a wrong answer and 1 for a correct answer. 
Questions that had multiple correct answers were graded 1 point for 
each correct answer. Confidence scoring was assigned 0–4 points 
based on their selection of five different confidence levels.

RESULTS

Participants

Forty- eight participants completed both the pre and post surveys 
before and after the session. This included 30 MS4s, 14 EM resi-
dents varying in postgraduate year (PGY) training (four PGY- 1, three 
PGY- 2, three PGY- 3, four PGY- 4), and four PEM fellows. Seven (two 
students, three residents, and two fellows) had previously partici-
pated in a MCI drill; four (one student, two residents, one fellow) 
of those drills were in a wilderness setting. Two (one student, one 
fellow) had previously participated in an actual MCI in a hospital.

Knowledge areas

Participants were asked to answer the following questions:

1. What is the definition of a MCI? (scored 0 or 1)
2. What are the colors used in MCI triage? (scored 0 or 1)
3. What information do you need to triage a patient in a MCI? 

(scored 0–6)
4. What is reverse triage? (scored 0 or 1)
5. What airway maneuver should you perform in pediatric patients 

with a pulse but without spontaneous breathing before assigning 
a triage color? (scored 0 or 1)

6. Under what circumstances should you perform CPR with breaths 
first? (scored 0–3)

These questions were based on the learning outcomes from the 
course plan of the MCI exercise included in our institution's wilder-
ness medicine elective.

The mean (±SD) survey score on the definition of an MCI was 
0.6 (±0.5) before the session and 0.7 (±0.4) after the session, with 
a mean change of 0.1 (16%; t(47) = 1.7,	 p = 0.090,	 95%	 CI	 −0.32	
to 0.02). The mean (±SD) survey score on the four triage colors 
was 0.3 (±0.5) before the session and 0.9 (±0.3) after the session, 
with a mean change of 0.6 (200%; t(47) = 7.8,	p < 0.001,	 95%	CI	
−0.71	to	−0.42).	The	mean	(±SD) survey score on the information 
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needed to assign a triage color was 3.7 (±1.3) before the session 
and 4.9 (±1.2) after the session, with a mean change of 1.2 (32%; 
t(47) = 5.8,	 p < 0.001,	 95%	 CI	 −1.54	 to	 −0.75).	 The	 mean	 (±SD) 
survey score for the definition of reverse triage was 0.5 (±0.5) 
before the session and 0.6 (±0.5) after the session, with a mean 
change of 0.1 (20%; t(47) = 0.8,	p = 0.42,	95%	CI	−0.29	to	0.12).	The	

mean (±SD) survey score on the management of a pediatric airway 
during an MCI was 0.2 (±0.4) before the session and 0.9 (±0.3) 
after the session, with a mean change of 0.7 (350%; t(47) = 9,	
p < 0.001,	95%	CI	−0.87	to	−0.55).	The	mean	(±SD) survey score on 
indications for breaths- first CPR was 1.0 (±0.7) before the session 
and 2.2 (±1) after the session, with a mean change of 1.1 (120%; 

TA B L E  1 Change	in	knowledge	by	training	level.

Medical students Residents Fellows

Definition of a MCI

Pre 0.4 ± 0.5 0.9 ± 0.4 No change

Post 0.7 ± 0.5 0.7 ± 0.5

Change Δ = 0.3b, 75%
t(29) = 2.8
p = 0.010
95%	CI	0.52	to	−0.08

Δ = −0.2,	−22%
t(13) = 1.0
p = 0.336
95%	CI	−0.17	to	0.45

Triage colors

Prea 0.1 ± 0.3 0.6 ± 0.5 No change

Posta 0.8 ± 0.4 1.0 ± 0

Change Δ = 0.7b, 700%
t(29) = 8.9
p < 0.001
95%	CI	−0.90	to	−0.57

Δ = 0.4b, 40%
t(13) = 2.7
p = 0.019
95%	CI	−0.64	to	−0.07

Information to triage

Prea 3.6 ± 1.4 3.6 ± 1.2 4.8 ± 1.5

Posta 5.0 ± 1.2 4.6 ± 1.1 4.5 ± 1.3

Change Δ = 1.4b, 39%
t(29) = 5.8
p < 0.001
95%	CI	−1.90	to	−0.90

Δ = 1b, 28%
t(13) = 2.6
p = 0.020
95%	CI	−1.82	to	−0.18

Δ = −0.3,	−6%
t(3) = 1.0
p = 0.391
95%	CI	−0.55	to	1.05

Reverse triage definition

Prea 0.6 ± 0.5 0.4 ± 0.5 0.5 ± 0.6

Posta 0.5 ± 0.5 0.7 ± 0.5 0.8 ± 0.5

Change Δ = −0.1,	−17%
t(29) = 0.2
p = 0.813
95%	CI	−0.25	to	0.32

Δ = 0.3,	75%
t(13) = 1.7
p = 0.104
95%	CI	−0.64	to	0.07

Δ = 0.3,	60%
t(3) = 1
p = 0.391
95%	CI	−1.05	to	0.55

Pediatric airway maneuver

Prea 0.1 ± 0.4 0.3 ± 0.5 0.5, SD =0.6

Posta 0.9 ± 0.3 0.9 ± 0.3 1.0 ± 0

Change Δ = 0.8b, 800%
t(29) = 7.4
p < 0.001
95%	CI	−0.98	to	−0.55

Δ = 0.6b, 200%
t(13) = 4.8
p < 0.001
95%	CI	−0.93	to	−0.36

Δ = 0.5,	100%
t(3) = 1.7
p = 0.182
95%	CI	−1.42	to	0.42

Indication for breaths- first CPR

Prea 0.9 ± 0.7 1.1 ± 0.8 0.8 ± 0.5

Posta 2.1 ± 1.1 2.5 ± 0.8 2.3 ± 1.0

Change Δ = 1.2b, 133%
t(29) = 5.5
p < 0.001
95%	CI	−1.56	to	−0.71

Δ = 1.4b, 127%
t(13) = 8.0
p < 0.001
95%	CI	−1.72	to	−0.99

Δ = 1.5,	188%
t(3)=2.3
p = 0.103
95%	CI	−3.55	to	0.55

Abbreviation:	MCI,	mass	casualty	incident.
aMean ± SD.
bStatistically significant change.
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t(47) = 8.4,	 p < 0.001,	 95%	 CI	 −1.52	 to	 −0.93).	Mean	 differences	
pre-  and postsession for each subgroup (medical students, resi-
dents, and fellows) are summarized in Table 1.

Confidence

Participants were given the following five categories to choose 
when selecting their confidence level in assisting with or leading a 
MCI response:

•	 NO	for	“I	would	run	the	other	way.”	(score = 0)
• UNSURE for “I would need someone to tell me what to do.” 
(score = 1)

•	 MAYBE	for	“I	could	probably	help	with	some	guidance.”	(score = 2)
•	 YES	for	“I	know	what	to	do	in	most	situations.”	(score = 3)
•	 DEFINITELY	for	“I	can	confidently	handle	any	scenario.”	(score = 4)

The mean (±SD) confidence score when asked to assist with a MCI 
was 1.5 (±0.9) before the session and 2.7 (±0.6) after the session, with 
a mean change of 1.2 (80%; t(47) = 8.9,	p < 0.001,	 95%	CI	−1.43	 to	
−0.90).	The	mean	(±SD) confidence score when asked to lead a MCI 
was 0.9 (±0.9) before the session and 2.2 (±0.8) after the session, 
with a mean change of 1.3 (144%), t(47) = 8.7,	p < 0.001,	95%	CI	−1.67	
to	−1.04).	The	changes	in	confidence	scores	by	subgroup	analysis	of	
training level are summarized in Table 2. The pre-  and postsession con-
fidence levels are summarized in Figure 2.

DISCUSSION

After	a	3-	h	simulation	session	introducing	the	START	and	JumpSTART	
algorithms, MS4s, EM residents, and PEM fellows demonstrated a 

significant increase in knowledge of the triage colors, information 
needed to assign a triage color, pediatric airway maneuvers to em-
ploy during triage, and indications for breaths- first CPR. The areas 
of the greatest increase were the triage colors (200%) and pediatric 
airway	maneuver	during	JumpSTART	triage	(350%);	these	are	core	
components of the algorithms that are clearly printed on commercial 
triage tags. There was a modest (32%) increase in recall of the infor-
mation needed to assign a triage color. However, it likely was difficult 
to remember all the components of the algorithm without the aid of 
a tag or printout available, thereby highlighting the importance of 
having those resources readily available in the event of an incident.

There was a trend toward increased knowledge on the definition 
of a MCI and the definition of reverse triage that did not reach statis-
tical significance. These were the two categories that were not prac-
ticed during the scenarios compared to the other knowledge areas; 
they were only reviewed in the introduction to the session and are 
not on the triage tags or in the printed algorithm.

On subgroup analysis, medical students showed statistically sig-
nificant improvement in all knowledge areas except for the definition 
of reverse triage. They were also the only subgroup that showed a 
significant increase in the definition of a MCI. This is likely because 
EM trainees are exposed to this terminology during their residency, 
but MCI response is not a part of standard medical school curriculum. 
Only 10% of medical students and 21% of residents had any previous 
MCI practice. The percentage improvement in the residents' knowl-
edge was less than the medical students' in all categories, suggesting 
that elements of MCI triage are taught over the progression of med-
ical training even in the absence of drills. Fellows showed no change 
in their knowledge of the definition of a MCI or the triage colors and 
no statistically significant change in any other knowledge categories. 
This	was	likely	due	to	the	small	sample	size.	Additionally,	three	(75%)	
of them had previously either participated in a MCI drill or actual MCI 
response.

Medical students Residents Fellows

Assisting	with	a	MCI	response

Prea 1.2 ± 0.8 2 ± 1 2.3 ± 0.5

Posta 2.6 ± 0.6 2.9 ± 0.5 2.8 ± 0.5

Change Δ = 1.4b, 117%
t(29) = 9.3
p < 0.001
95%	CI	−1.67	to	−1.06

Δ = 0.9b, 45%
t(13) = 3.2
p = 0.006
95%	CI	−1.55	to	−0.31

Δ = 0.5,	22%
t(3) = 1.7
p = 0.182
95%	CI	−1.42	to	0.42

Leading a MCI response

Prea 0.6 ± 0.7 1.2 ± 1.3 1.5 ± 0.6

Posta 2.0 ± 0.7 2.5 ± 0.9 2.8 ± 0.5

Change Δ = 1.4b, 233%
t(29) = 7.6
p < 0.001
95%	CI	−1.77	to	−1.03

Δ = 1.3b, 108%
t(13) = 3.5
p = 0.004
95%	CI	−2.08	to	−0.49

Δ = 1.3b, 87%
t(3) = 5
p = 0.015
95%	CI	−2.05	to	−0.45

Abbreviation:	MCI,	mass	casualty	incident.
aMean ± SD.
bStatistically significant change.

TA B L E  2 Change	in	confidence	by	
training level.
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Residents and fellows showed the most improvement in pediat-
ric airway maneuver and indications for breaths- first CPR. This could 
be because they were exposed to adult triage algorithms in the past 
but	 not	 pediatric	 algorithms.	 Additionally,	 they	may	 not	 have	 had	
prior experience in prehospital MCI where the environmental fac-
tors of drowning, avalanche burial, or lightning strike were relevant 
for breaths- first CPR.

This study also shows that an out- of- hospital in situ simulation 
with no previously established leadership roles results in a statis-
tically significant increase in confidence in both assisting with and 
leading a MCI response. On subgroup analysis, medical students and 
residents demonstrate increased confidence in both circumstances 
while fellows only demonstrated a statistically significant increase in 
confidence with leading a MCI response. This could again be due to 
the small sample size of fellows or because most of them had previ-
ous experience with MCI response.

LIMITATIONS/FUTURE AVENUES

The participants in this study were recruited on a voluntary basis 
and may have self- selected due to intrigue from the title of the edu-
cational event for the day. Knowledge base and confidence findings 
observed may have been different if it was a required session or in-
cluded a larger number of participants. Participants were composed 
primarily of MS4s and EM residents, with only four PEM fellows 
participating. This limits our evaluation of fellows or residents from 
other specialties. In future studies, we could consider recruiting fel-
lows from other EM subspecialties and/or residents from other spe-
cialties.	Additionally,	we	could	include	a	lightning	strike	scenario	to	
have participants practice reverse triage.

The participants were surveyed only immediately before and 
after the session to assess their knowledge and confidence. While 
prior studies have included follow- up surveys at various intervals, 
this was not part of our study. Therefore, we cannot assess the re-
tention of the knowledge or confidence in the weeks or months fol-
lowing our simulation session.

CONCLUSIONS

Prehospital mass casualty incident triage is not commonly taught 
to medical students or trainees, who typically only get triage prac-
tice within a hospital setting. This study proves that prehospital 
simulation	 practicing	 the	 START	 and	 JumpSTART	 algorithms	 is	
effective in improving knowledge of the components of the al-
gorithms but does not place enough emphasis on definitions of 
mass	casualty	incident	or	reverse	triage.	Additionally,	confidence	
in assisting with or leading a mass casualty incident response can 
be significantly improved after a simulation session, thereby prov-
ing its value in medical education.
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F I G U R E  2 Aggregate	confidence	levels	pre-		and	postsession.	
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