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Epidemiology of Emergency Medical Services-Assessed Mass 
Casualty Incidents according to Causes 

To effectively mitigate and reduce the burden of mass casualty incidents (MCIs), 
preparedness measures should be based on MCIs’ epidemiological characteristics. This study 
aimed to describe the epidemiological characteristics and outcomes of emergency medical 
services (EMS)-assessed MCIs from multiple areas according to cause. Therefore, we 
extracted the records of all MCIs that involved ≥ 6 patients from an EMS database. All 
patients involved in EMS-assessed MCIs from six areas were eligible for this study, and their 
prehospital and hospital records were reviewed for a 1-year period. The EMS-assessed MCIs 
were categorized as being caused by fire accidents (FAs), road traffic accidents (RTAs), 
chemical and biological agents (CBs), and other mechanical causes (MECHs). A total of 362 
EMS-assessed MCIs were identified, with a crude incidence rate of 0.6-5.0/100,000 
population. Among these MCIs, 322 were caused by RTAs. The MCIs involved 2,578 
patients, and 54.3% of these patients were women. We observed that the most common 
mechanism of injury varied according to MCI cause, and that a higher number of patients 
per incident was associated with a longer prehospital time. The highest hospital admission 
rate was observed for CBs (16 patients, 55.2%), and most patients in RTAs and MECHs 
experienced non-severe injuries. The total number of deaths was 32 (1.2%). An EMS-
assessed MCI database was established using the EMS database and medical records review. 
Our findings indicate that RTA MCIs create a burden on EMS and emergency department 
resources, although CB MCIs create a burden on hospitals’ resources. 
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INTRODUCTION

Mass casualty incidents (MCIs) are defined as accidents that re-
sult in a number of victims that exceed the local medical or 
health care system’s ability to meet the victims’ healthcare 
needs. These MCIs typically involve several patients who are 
managed using everyday resources (without a major disaster 
response) (1), and may temporarily overwhelm the local emer-
gency medical services (EMS) and emergency healthcare re-
sources. Therefore, it is difficult to adequately prepare for and 
respond to MCIs, because EMS and hospital resources are typi-
cally fully utilized for routine medical services. Moreover, the 
EMS or hospital emergency response personnel often cannot 
estimate or decide on the amounts and types of resources that 
are needed, due to the unclear epidemiological characteristics 
of MCIs. Only a few detailed analyses have examined consecu-
tive MCIs (1-3), and many researchers only understand MCIs as 
individual incidents or events in a specific geographical region. 
 Given the lack of clarity regarding MCIs’ characteristics, epi-
demiological data should be collected for each MCI. However, 
it is difficult to collect information from MCI victims via inter-
view or observation, due to the related environmental and 

medical conditions. It is possible to obtain epidemiological in-
formation by tracking the patient from the field to the hospital 
(electronically or manually), although the cost of that technique 
is high and it can only collect incomplete data. Researchers 
have recently been able to retrospectively retrieve data from 
electronic EMS databases, although these data are limited re-
garding hospital care or outcome information. 
 For MCI research, the most important issue is the nature of 
the MCI. In this context, an MCI is not defined using an abso-
lute number of victims, but rather as a number of victims that 
exceeds a medical system’s ability to meet their healthcare 
needs using the locally available medical resources (2,4). How-
ever, this definition is conceptual (not practical), and the decla-
ration of an MCI typically depends on the decision of an EMS 
provider, and not the victims’ desired or required medical at-
tention. Therefore, a new working definition of MCIs is needed, 
and a recent scientific framework has been developed using 
expert opinions (5). This framework defines an MCI as any 
event that results in ≥ 6 casualties (up to and including death). 
 In this study, we used this definition to search an EMS data-
base, and surveyed the resulting medical records to establish 
an EMS-assessed MCI database that included prehospital and 
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hospital variables. Using these data, we aimed to describe the 
epidemiological characteristics and outcomes of EMS-assessed 
MCIs, in order to better understand their incidences, mecha-
nisms, mortality rates, and morbidity rates.

MATERIALS AND METHODS

Study design
This cross-sectional observational study evaluated an EMS da-
tabase for six South Korean provinces during 2012. We defined 
an EMS-assessed MCI as any event that involved ≥ 6 victims 
who were transported via EMS, according to the experts’ con-
sensus definition (5). 

Study setting
The six study provinces use the same EMS system, which is pro-
vided by the national EMS agency (119 Rescue and EMS Bu-
reau of Ministry of Public Safety and Security Central Fire Ser-
vice). In all study provinces, the local EMS must respond to 
MCIs, regardless of their cause or location of the incident. There 
was no special mass casualty triage protocol for EMS providers 
at the time of this study, and patients who wanted or needed 
medical care were transported to the destination hospital at the 
EMS provider’s discretion. These patients were typically re-
ceived at the destination hospital’s Emergency Department 
(ED), where they underwent medical evaluation or treatment 
according to the specific ED’s protocols. The patient’s disposi-
tion was recorded after they had received ED care. 

Database and subjects
The 119 Rescue and EMS Bureau has created an electronic da-
tabase for EMS dispatch and prehospital patient care records, 
which has been in use since 2006. Each event that results in an 
emergency call is coded using a unique number (the incident 
code), regardless of the type of call (e.g., EMS, fire, or rescue), 
and the code of the ambulance that is dispatched is linked to 
this incident code. In addition, EMS personnel in that ambu-
lance are required to complete a patient care sheet for each pa-
tient, and this record is automatically saved with the incident 
code. In this system, the same incident code is attached to each 
prehospital patient care record for all victims who are involved 
in a single MCI. 
 To identify EMS-assessed MCIs, we extracted incident codes 
that were linked to ≥ 6 patient prehospital care records from 
the EMS database. All patients who were involved in EMS-as-
sessed MCIs in the six study areas were eligible for this study. 
Using the name of the receiving hospital (from the prehospital 
care record), trained independent surveyors from the Korea 
Center for Disease Control and Prevention visited the receiving 
hospitals and performed a medical record review using a struc-
tured case report form. After the medical record review, we ex-

cluded patients who were not registered at the hospital, had 
missing medical records, or had an unknown outcome at the 
ED or hospital. All data were saved digitally using EpiData Data 
Entry (Odense, Denmark) (6) and were checked for errors using 
SAS software (version 9.4; SAS Institute Inc., Cary, NC, USA).

Variables and analysis
We collected the following data from the EMS database: inci-
dent number, prehospital care record number, incident call 
time, ambulance departure time, scene arrival time, scene de-
parture time, hospital arrival time, sex, age, location, mecha-
nism of injury, and name of the receiving hospital. The medical 
record review collected data regarding the patient’s sex, age, 
whether the injury was intentional, mechanism of injury, place 
of injury, ED arrival time, disposition time, discharge time, sur-
gery, ED disposition and outcome, admission result, Glasgow 
Outcome Scale (GOS) score at discharge, Injury Severity Score 
(ISS; based on the updated 2008 Abbreviated Injury), and final 
diagnosis. The intentional nature of the events, mechanism of 
injury, and place of injury were categorized according to ver-
sion 1.2 of the International Classification of External Causes of 
Injuries (ICECI version 1.2; http://www.iceci.org). If the same 
variables for a given patient were different between the prehos-
pital and hospital records, we selected the information from the 
hospital database.
 To analyze the patient and event characteristics, we catego-
rized EMS-treat MCIs according to the cause of the event. No 
MCIs in the database were caused by a natural disaster and all 
MCIs were caused by man-made hazards, which included fire 
accidents (FAs), road traffic accidents (RTAs), chemical and bi-
ological agents (CBs), and other mechanical causes (MECHs). 
The numbers of events and patients were calculated according 
to cause, and the number and rate were calculated for each 
variable. Prehospital time-related variables were categorized 
using 10-min intervals, ED length of stay was categorized using 
3-h intervals, and hospital length of stay was calculated in days. 
We performed descriptive analyses of the numbers of patients, 
incidence rates, and outcomes using Stata software (version 
13.1; StataCorp, College Station, TX, USA). 

Ethics statement
The institutional review board of Dongtan Sacred Heart Hospi-
tal approved this study’s design, and waived the requirement 
for informed consent from the subjects (1206-024-412).

RESULTS

A total of 362 EMS-assessed MCIs were identified using the 
EMS database, with 66-90 events occurring in each area. The 
highest crude incidence rate for EMS-assessed MCIs was 5.0 
per 100,000 population, which occurred in Jeonnam (a pre-
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dominantly rural area). The lowest crude incidence rate was 0.6 
per 100,000 population, which occurred in Daegu (a predomi-
nantly urban area) (Table 1).
 Among the 362 EMS-assessed MCIs, 322 were caused by 
RTAs and only 2 MCIs were caused by CBs. Each MCI involved 
6-48 patients, and there were 6 patients in 153 of the MCIs. 
Most of the EMS-assessed MCIs (319 events, 88.1%) involved 
≤ 10 patients (Table 2).
 A total of 2,578 patients (54.3% women) were involved in 
EMS-assessed MCIs in the six study areas. The age groups with 
the highest level of involvement were patients who were in their 
40s and 50s (15.3% and 16.3%, respectively), and women were 
more common than men in most age groups (except in the 0-9 
years old group) and MCI causes (except for MECHs). The most 
common cause of the MCIs was RTAs, and the number of pa-
tients who were involved in RTAs was 2,201 (85.3%). The vast 
majority (99.7%) of these patients were involved in an uninten-
tional event. In FAs, “threat to breathing” was the most com-

mon mechanism of injury, and transportation and fall were the 
common mechanisms of injury for MECHs. The FAs occurred 
most frequently at home, in a “transport area: other,” or in a 
commercial location. The CBs occurred most frequently in 
transport and commercial areas, and the MECHs occurred 
most frequently in “transport area: other,” the countryside, and 
industrial and construction areas (Table 3).
 The response time was ≤ 10 minutes in 36.3% of the MCIs 
and > 30 minutes in 14.6% of the MCIs. An EMS response time 
of ≤ 10 minutes was achieved in 38.4% of the FAs, 37.1% of the 
RTAs, 20.9% of the MECHs, and 27.6% of the CBs. Over half of 
the patients were transferred to a hospital within < 20 minutes, 
regardless of the injury mechanism, and 79.2% of the patients 
stayed in the ED for < 6 hours (Table 4). In all categories, a high-
er number of patients per incident was associated with a longer 
prehospital time. However, the relationship between prehospi-
tal time and the number of patients per incident varied for each 
cause (Fig. 1). 

Table 1. Area-specific crude incidence rates for emergency medical system-assessed mass casualty incidents

Region Type
No. (%) of Crude incidence rate 

(per 100,000 population)EMS-assessed MCIs Registered population in 2012

Gangwon Rural 66 (18.2) 1,538,630 (10.7) 4.3
Jeonnam Rural 96 (26.5) 1,909,618 (13.3) 5.0
Chungnam Rural 90 (24.9) 2,028,777 (14.1) 4.4
Daegu Urban 15 (4.1) 2,505,644 (17.4) 0.6
Incheon Urban 47 (13.0) 2,843,981 (19.8) 1.7
Busan Urban 48 (13.3) 3,538,484 (24.6) 1.4
Total 362 (100.0) 14,365,134 (100.0) 2.5

EMS, emergency medical system; MCIs, mass casualty incidents.

Table 2. Number of mass casualty incidents according to the number of involved patients

No. of patients per incident
No. (%) of the incidents by causes

FAs RTAs MECHs CBs All

Total 22 (100.0) 322 (100.0) 16 (100.0) 2 (100.0) 362 (100.0)
  6 6 (27.3) 141 (43.8) 5 (31.3) 1 (50.0) 153 (42.3)
  7 3 (13.6) 62 (19.3) 4 (25.0) 0 (0.0) 69 (19.1)
  8 4 (18.2) 33 (10.2) 2 (12.5) 0 (0.0) 39 (10.8)
  9 1 (4.5) 29 (9.0) 1 (6.3) 0 (0.0) 31 (8.6)
10 3 (13.6) 23 (7.1) 1 (6.3) 0 (0.0) 27 (7.5)
11 2 (9.1) 7 (2.2) 1 (6.3) 0 (0.0) 10 (2.8)
12 0 (0.0) 6 (1.9) 0 (0.0) 0 (0.0) 6 (1.7)
13 1 (4.5) 4 (1.2) 1 (6.3) 0 (0.0) 6 (1.7)
14 0 (0.0) 2 (0.6) 0 (0.0) 0 (0.0) 2 (0.6)
15 0 (0.0) 4 (1.2) 0 (0.0) 0 (0.0) 4 (1.1)
16 0 (0.0) 4 (1.2) 0 (0.0) 0 (0.0) 4 (1.1)
17 0 (0.0) 3 (0.9) 0 (0.0) 0 (0.0) 3 (0.8)
18 0 (0.0) 1 (0.3) 0 (0.0) 0 (0.0) 1 (0.3)
19 0 (0.0) 2 (0.6) 0 (0.0) 0 (0.0) 2 (0.6)
23 0 (0.0) 1 (0.3) 0 (0.0) 1 (50.0) 2 (0.6)
30 1 (4.5) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.3)
37 1 (4.5) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.3)
48 0 (0.0) 0 (0.0) 1 (6.3) 0 (0.0) 1 (0.3)

FAs, fire accidents; RTAs, road traffic accidents; CBs, chemical and biological agents; MECHs, other mechanical causes.
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 Among the 2,578 patients, 1,640 (63.6%) patients were dis-
charged from the ED and 617 (23.9%) were admitted. The high-
est admission rate was observed for CBs (16 patients, 55.2%), 
and surgery was performed for 52 (2.0%) patients, who were 
typically involved in an RTA. The admitted patients were typi-
cally discharged without complication (84.8%) or transferred 
(10.9%). The total number of deaths in the study cohort was 32 
(1.2%). The ISS could not be calculated for patients whose inju-
ries were related to FAs and CBs, because their diagnoses were 
generally related to poisoning. In the RTA and MECH groups, 

most patients exhibited a low level of injury severity, with an 
ISS of < 9 (86.6% and 65.9%, respectively; Table 5).
 

DISCUSSION

Previous studies of MCIs have been limited to single incidents 
or single hospitals (7), or have only focused on prehospital care 
(1,2,8). Moreover, many researchers have demonstrated that 
the understanding of MCIs is often limited to individual inci-
dents or local geographic regions (2). To our knowledge, this 

Table 3. Patients’ demographic characteristics according to the incident’s cause 

Characteristics
No. (%) of incidents by causes

FAs RTAs MECHs CBs All

Total 219 (100.0) 2,201 (100.0) 129 (100.0) 29 (100.0) 2,578 (100.0)
Sex
   Male
   Female

90 (41.1)
129 (58.9)

1,017 (46.2)
1,184 (53.8)

67 (51.9)
62 (48.1)

5 (17.2)
24 (82.8)

1,179 (45.7)
1,399 (54.3)

Age, yr
   0-9
   10-19
   20-29
   30-39
   40-49
   50-59
   60-69
   70-79
   80-89
   90-99
  ≥ 100 
   Not recorded

21 (9.6)
19 (8.7)
57 (26.0)
25 (11.4)
30 (13.7)
29 (13.2)
21 (9.6)
9 (4.1)
6 (2.7)
2 (0.9)
0 (0.0)
0 (0.0)

208 (9.5)
316 (14.4)
272 (12.4)
280 (12.7)
330 (15.0)
358 (16.3)
260 (11.8)
149 (6.8)
23 (1.0)
3 (0.1)
1 (0.0)
1 (0.0)

4 (3.1)
9 (7.0)

16 (12.4)
39 (30.2)
24 (18.6)
26 (20.2)
7 (5.4)
4 (3.1)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

0 (0.0)
1 (3.4)
1 (3.4)
1 (3.4)

11 (37.9)
7 (24.1)
6 (20.7)
2 (6.9)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

233 (9.0)
345 (13.4)
346 (13.4)
345 (13.4)
395 (15.3)
420 (16.3)
294 (11.4)
164 (6.4)
29 (1.1)

5 (0.2)
1 (0.0)
1 (0.0)

Intention of incident
   Unintentional
   Intentional
   Unknown
   Not recorded

217 (99.1)
1 (0.5)
1 (0.5)
0 (0.0)

2,196 (99.8)
0 (0.0)
5 (0.2)
0 (0.0)

129 (100.0)
0 (0.0)
0 (0.0)
0 (0.0)

29 (100.0)
0 (0.0)
0 (0.0)
0 (0.0)

2,571 (99.7)
1 (0.0)
6 (0.2)
0 (0.0)

Mechanism of injury
   Transportation
   Fall
   Contact with anything
   Piercing/penetrating force
   Thermal
   Threat to breathing
   Exposure to chemical or other substance
   Overexertion
   Other
   Unknown
   Not reported

1 (0.5)
6 (2.7)
1 (0.5)
0 (0.0)

53 (24.2)
111 (50.7)
46 (21.0)
0 (0.0)
1 (0.5)
0 (0.0)
0 (0.0)

2,198 (99.9)
2 (0.1)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
1 (0.0)
0 (0.0)

39 (30.2)
32 (24.8)
14 (10.9)
7 (5.4)

11 (8.5)
5 (3.9)

15 (11.6)
5 (3.9)
0 (0.0)
1 (0.8)
0 (0.0)

0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

29 (100.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

2,238 (86.8)
40 (1.6)
15 (0.6)

7 (0.3)
64 (92.5)

116 (4.5)
90 (3.5)

5 (0.2)
1 (0.0)
2 (0.1)
0 (0.0)

Place
   Home
   Medical service area
   Education area
   Transport area
   Transport area: other
   Industrial and construction area
   Farm or other place of primary production
   Recreational area, cultural area, or public building
   Commercial
   Countryside
   Other specified place
   Not reported

104 (47.5)
1 (0.5)
0 (0.0)
1 (0.5)

36 (16.4)
25 (11.4)
0 (0.0)

23 (10.5)
26 (11.9)
0 (0.0)
3 (1.4)
0 (0.0)

2 (0.1)
0 (0.0)
0 (0.0)

2,185 (99.3)
7 (0.3)
0 (0.0)
4 (0.2)
0 (0.0)
0 (0.0)
0 (0.0)
3 (0.1)
0 (0.0)

3 (2.3)
0 (0.0)
5 (3.9)
1 (0.8)

37 (28.7)
25 (19.4)
4 (3.1)
6 (4.7)

13 (10.1)
33 (25.6)
2 (1.6)
0 (0.0)

0 (0.0)
0 (0.0)
0 (0.0)
6 (20.7)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

23 (79.3)
0 (0.0)
0 (0.0)
0 (0.0)

109 (4.2)
1 (0.0)
5 (0.2)

2,193 (85.1)
80 (3.1)
50 (1.9)

8 (0.3)
29 (1.1)
62 (2.4)
33 (1.3)

8 (0.3)
0 (0.0)

FAs, fire accidents; RTAs, road traffic accidents; CBs, chemical and biological agents; MECHs, other mechanical causes. Transport area includes public highway, street, or road.
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Table 4. Cause-specific prehospital and hospital times for patients who were involved in mass casualty incidents

Time parameters
No. (%) of the incidents by causes

FAs RTAs MECHs CBs All

Total 219 (100.0) 2,201 (100.0) 129 (100.0) 29 (100.0) 2,578 (100.0)
Response time, min
   0-9
   10-19
   20-29
   30-39
   40-49
   50-59
  ≥ 60 

84 (38.4)
52 (23.7)
27 (12.3)
12 (5.5)
14 (6.4)
6 (2.7)

24 (11.0)

817 (37.1)
718 (32.6)
392 (17.8)
143 (6.5)

61 (2.8)
39 (1.8)
31 (1.4)

27 (20.9)
40 (31.0)
15 (11.6)
21 (16.3)
4 (3.1)
5 (3.9)

17 (13.2)

8 (27.6)
9 (31.0)

12 (41.4)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

936 (36.3)
819 (31.8)
446 (17.3)
176 (6.8)
79 (3.1)
50 (1.9)
72 (2.8)

On-scene time, min
   0-9
   10-19
   20-29
   30-39
   40-49
   50-59
  ≥ 60 

62 (28.3)
59 (26.9)
29 (13.2)
12 (5.5)
22 (10.0)
9 (4.1)

26 (11.9)

1,431 (65.0)
641 (29.1)

93 (4.2)
23 (1.0)
4 (0.2)
3 (0.1)
6 (0.3)

73 (56.6)
20 (15.5)
25 (19.4)
2 (1.6)
7 (5.4)
0 (0.0)
2 (1.6)

21 (72.4)
6 (20.7)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
2 (6.9)

1,587 (61.6)
726 (28.2)
147 (5.7)
37 (1.4)
33 (1.3)
12 (0.5)
36 (1.4)

Transport time, min
   0-9
   10-19
   20-29
   30-39
   40-49
   50-59
  ≥ 60 

91 (41.6)
85 (38.8)
16 (7.3)
13 (5.9)
8 (3.7)
5 (2.3)
1 (0.5)

742 (33.7)
763 (34.7)
416 (18.9)
158 (7.2)

70 (3.2)
21 (1.0)
31 (1.4)

43 (33.3)
29 (22.5)
43 (33.3)
1 (0.8)
0 (0.0)
3 (2.3)

10 (7.8)

18 (62.1)
5 (17.2)
6 (20.7)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

894 (34.7)
882 (34.2)
481 (18.7)
172 (6.7)
78 (3.0)
29 (1.1)
42 (1.6)

Length of ED stay, hr
   0-2
   3-5
   6-8
   9-11
   12-14
   15-17
   18-20
   21-23
   24-47
   48-71
  ≥ 72
   Not reported

139 (63.5)
36 (16.4)
10 (4.6)
6 (2.7)
2 (0.9)
1 (0.5)
6 (2.7)
1 (0.5)
2 (0.9)
0 (0.0)
0 (0.0)

16 (7.3)

1,397 (63.5)
337 (15.3)

71 (3.2)
35 (1.6)
9 (0.4)

10 (0.5)
1 (0.0)
4 (0.2)
5 (0.2)
2 (0.1)
5 (0.2)

325 (14.8)

87 (67.4)
17 (13.2)
1 (0.8)
1 (0.8)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
1 (0.8)
0 (0.0)
0 (0.0)

22 (17.1)

18 (62.1)
11 (37.9)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

1,641 (63.7)
401 (15.6)
82 (3.2)
42 (1.6)
11 (0.4)
11 (0.4)
7 (0.3)
5 (0.2)
8 (0.3)
2 (0.1)
5 (0.2)

363 (14.1)
Length of hospital stay, day
   0-2
   3-6
   7-13
   14-20
   21-27
  ≥ 28 
   Not recorded
   Not admitted

15 (6.8)
15 (6.8)
7 (3.2)
2 (0.9)
0 (0.0)
3 (1.4)
6 (2.7)

171 (78.1)

129 (5.9)
105 (4.8)
101 (4.6)

59 (2.7)
39 (1.8)
51 (2.3)
26 (1.2)

1,691 (76.8)

11 (8.5)
8 (6.2)

12 (9.3)
3 (2.3)
2 (1.6)
7 (5.4)
0 (0.0)

86 (66.7)

8 (27.6)
2 (6.9)
1 (3.4)
4 (13.8)
0 (0.0)
0 (0.0)
1 (3.4)

13 (44.8)

163 (6.3)
130 (5.0)
121 (4.7)
68 (2.6)
41 (1.6)
61 (2.4)
33 (1.3)

1,961 (76.1)

FAs, fire accidents; RTAs, road traffic accidents; CBs, chemical and biological agents; MECHs, other mechanical causes; ED, emergency department; Response time, interval 
from call to scene arrival; On-scene time, interval from scene arrival to scene departure; Transport time, interval from scene departure to hospital arrival; Length of ED stay, in-
terval from ED arrival to disposition; Length of hospital stay, interval from disposition to discharge for hospitalized patients.

study is the first MCI study to use a hospital survey that was 
based on multi-region EMS data with an MCI definition of ≥ 6 
patients being involved in the event. This definition was devel-
oped and chosen based on expert consensus (5).
 The absolute number of victims has not been considered as a 
definition for MCIs, which have typically been defined as 
events that exceed the medical system’s ability to meet the 
health care needs of the MCI victims using locally available 
medical resources (4). However, the availability of local medical 

resources varies according to the time, place, and type of event. 
In Helsinki (Finland), the EMS systems define MCIs as inci-
dents that involve 3-20 patients (1). In contrast, the American 
National Emergency Medical Services Information System de-
fines MCIs as an event that generates more patients than the 
locally available resources can manage (using routine proce-
dures), or an event that results in a large number of victims who 
disrupt the normal course of emergency and health care ser-
vices and require additional non-routine assistance (2). It might 
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be possible to determine the number of patients that would ex-
ceed the available resources at a given time if we could measure 
the available resources at the time of the MCI. However, the 
amounts and types of resources vary according to time. There-
fore, it is reasonable to define MCIs using an absolute number 
of patients, provided that number is based on a consensus ex-
pert opinion that considers the local or national amount and 
distribution of EMS and hospital resources. In the present 
study, we defined MCIs as an event with ≥ 6 victims, and this 
definition was based on expert consensus (5), because 6 vic-
tims is appropriate to the scale of an MCI. For example, Schenk 
et al. reviewed the 2010 National EMS Database and found that 
the median number of patients per incident was 1, which was 
much lower than the expected number (2). 
 In the present study, the incidence rates for MCIs per popu-
lation in rural areas (Gangwon, Jeonnam, Chungnam) were 
higher than those in urban areas. Similar to our findings, Kuis-
ma et al. (1) have reported that the MCI incidence rate was 1.8/ 
100,000 population per year in Helsinki (an urban area). In con-
trast, an estimated 36,529 MCIs occurred during 2010 in the US, 

with an incidence rate of 13.0 MCIs per 100,000 population and 
the majority of these incidents occurring in an urban setting (2). 
These differences are likely due to different operational defini-
tions of MCIs that were used in each study. In addition, the high-
er American incidence rate is due to the inclusion of incidents 
that included only 1 patient. The level of urban development in 
the present study was based on Korean administrative districts, 
with metropolitan cities (population of > 1,000,000 people) be-
ing designated as urban areas and all other areas being desig-
nated as rural areas. 
 Most of the MCIs (89.0%) in the present study were caused 
by RTAs, and this finding is similar to the findings of Kuisma et 
al. (1). This similarity is likely because both studies used an EMS 
database, and other events (e.g., FAs or CBs) may occur simul-
taneously and involve the same EMS responder. Although only 
a few FA- or CB-related MCIs were recorded in the EMS data-
base, these events are important, as EMS personnel are typical-
ly not familiar with the appropriate protocol. Therefore, EMS 
personnel should be prepared for these events.
 The injury mechanism varied according to the cause of the 
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Fig. 1. Prehospital time according to cause and scale of the event. FAs, fire accidents; RTAs, road traffic accidents; CBs, chemical and biological agents; MECHs, other mechani-
cal causes.
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MCI, with RTAs typically resulting in blunt trauma and FAs typi-
cally resulting in respiratory difficulty. Therefore, EMS person-
nel should be trained to approach the scene and understand 
the patients’ specific needs based on these differences. Although 
most of the RTA MCIs were small-scale accidents with appro-
priate EMS responses, FA or CB MCIs can result in large-scale 
events and prevention of these events is very important. 
 Most of the patients in the present study exhibited mild inju-
ries (an ISS score of < 15), and the admission rate was not high. 
This suggests that most of the MCI-related burden was borne 
by prehospital EMS and ED resources, rather than hospital re-
sources. However, more than half of the patients from CB MCIs 
were admitted, which indicates that these patients create a bur-
den on hospital resources, due to their acute symptoms that re-
quire observation for several days. 
 Thirty-three patients (1.2%) from 22 events ultimately died. 
Among those patients, 11 patients (5.0%) died due to 3 FAs, 19 
patients (0.9%) died due to 16 RTAs, and 2 patients (1.6%) died 
due to 2 MECHs. Thus, it appears that FAs were the most fre-
quent cause of death, and FAs in Busan were associated with 30 
victims including 8 deaths. The main mechanism of deaths due 
to this FAs was “threat to breathing,” and 6 patients died after 

receiving cardiopulmonary resuscitation in the ED. In contrast, 
13 of the 19 deaths due to RTAs occurred during the prehospital 
phase. 
 This study included several limitations. Although we attempt-
ed to establish a complete database, it is possible that the num-
ber of patients who were involved in MCIs was underestimated. 
For example, it is possible that some patients who were involved 
in MCIs were not transported by EMS (due to minor injury or 
on-site mortality), and would have been omitted from our re-
sults. Similarly, it is possible that some patients who were trans-
ported from the MCI scene did not receive hospital treatment, 
due to prehospital treatment of minor injuries. To overcome 
this potential inconsistency, we suggest that a system should be 
developed and implemented to track patients from the scene of 
the MCI to the hospital. 
 In conclusion, we established an EMS-assessed MCI data-
base using an EMS database and the patients’ hospital records 
in this study. Our findings indicate that the MCI incidence rates 
are higher in rural areas, and that RTAs are the most common 
cause of MCIs. Although most MCIs were small-scale incidents, 
the prehospital time increased with an increasing number of 
patients. Furthermore, MCIs from RTAs may create a burden 

Table 5. Cause-specific outcomes of patients who were involved in mass casualty incidents

Outcomes
No. (%) of the incidents by causes

FAs RTAs MECHs CBs All

Total No. 219 (100.0) 2,201 (100.0) 129 (100.0) 2 (100.0) 2,578 (100.0)
Disposition in the emergency department
   Discharge
   Transfer
   Admission
   Death
   Other
   Unknown

155 (70.8)
5 (2.3)

48 (21.9)
10 (4.6)
1 (0.5)
0 (0.0)

1,407 (63.9)
259 (11.8)
510 (23.2)
18 (0.8)
5 (0.2)
2 (0.1)

65 (50.4)
19 (14.7)
43 (33.3)
2 (1.6)
0 (0.0)
0 (0.0)

13 (44.8)
0 (0.0)

16 (55.2)
0 (0.0)
0 (0.0)
0 (0.0)

1,640 (63.6)
283 (11.0)
617 (23.9)
30 (1.2)
6 (0.2)
2 (0.1)

Surgery
   No
   Yes
   Unknown

216 (98.6)
2 (0.9)
1 (0.5)

2,147 (97.5)
47 (2.1)
7 (0.3)

125 (96.9)
3 (2.3)
1 (0.8)

29 (100.0)
0 (0.0)
0 (0.0)

2,517 (97.6)
52 (2.0)
9 (0.3)

Admission result*
   Discharge
   Transfer
   Death

44 (91.7)
3 (6.3)
1 (2.1)

447 (87.6)
62 (12.2)
1 (0.2)

41 (95.3)
2 (4.7)
0 (0.0)

16 (100.0)
0 (0.0)
0 (0.0)

548 (88.8)
67 (10.9)
2 (0.3)

Glasgow outcome scale score at discharge
   Death
   Vegetative state
   Severe disability
   Moderate disability
   Recovery

11 (5.0)
0 (0.0)
2 (0.9)
6 (2.7)

200 (91.3)

19 (0.9)
5 (0.2)

25 (1.1)
174 (7.9)

1,977 (89.8)

2 (1.6)
1 (0.8)
6 (4.7)

12 (9.3)
108 (83.7)

0 (0.0)
0 (0.0)
0 (0.0)
7 (24.1)

22 (75.9)

32 (1.2)
6 (0.2)

33 (1.3)
199 (7.7)

2,307 (89.5)
Death (total) 11 (5.0) 19 (0.9) 2 (1.6) 0 (0.0) 32 (1.2)
Death or ISS ≥ 9 13 (5.9) 139 (6.3) 7 (5.4) 0 (0.0) 159 (6.2)
Injury severity score
   1-8
   9-15
   16-24
   25-75
   Unrecorded

3 (1.4)
2 (0.9)
2 (0.9)
0 (0.0)

212 (96.8)

1,907 (86.6)
99 (4.5)
22 (1.0)
10 (0.5)

163 (7.4)

85 (65.9)
3 (2.3)
2 (1.6)
0 (0.0)

39 (30.2)

0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

29 (100.0)

1,995 (77.4)
104 (4.0)
26 (1.0)
10 (0.4)

443 (17.2)

FAs, fire accidents; RTAs, road traffic accidents; CBs, chemical and biological agents; MECHs, other mechanical causes. *The admission result is calculated as the % of admit-
ted patients in each category.
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on prehospital EMS and ED resources, and MCIs from CBs may 
create a burden on hospital resources. Moreover, the main in-
jury mechanism varies according to the cause of the MCI. 
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