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Abstract

Background Emergency medical services preparedness in mass casualty incidents is one of the most important
concerns in emergency systems. A mass casualty incident is a sudden event with several injured individuals that over-
whelms the local health care system. This study aimed to identify and validate the components of emergency medical
services readiness in mass casualty incidents which ultimately led to designing a conceptual model.

Methods This research was an explanatory mixed-method study conducted in five consecutive stages in Iran
between November 2021 and September 2023. First, a systematic review was carried out to extract the components
of emergency medical services preparedness in mass casualty incidents based on the PRISMA guideline. Second,

a qualitative study was designed to explore the preparedness components through in-depth semi-structured
interviews and analyzed using the content analysis approach. Third, the integration of the components extracted
from the two stages of the systematic review and qualitative study was done by an expert panel. Fourth, the obtained
components were validated using the Delphi technique. Two rounds were done in the Delphi phase. Finally, the con-
ceptual model of emergency medical services preparedness in mass casualty incidents was designed by a panel

of experts.

Results 10 articles were included in the systematic review stage and sixteen main components were extracted
and classified into four categories. In the second stage, thirteen components were extracted from the qualita-
tive study and classified into five categories. Then, the components of the previous two phases were integrated
into the panel of experts and 23 components were identified. After validation with the Delphi technique, 22 com-
ponents were extracted. Lastly, the final components were examined by the panel of experts, and the conceptual
schematic of the model was drawn.

Conclusions [tis necessary to have an integrated framework and model of emergency medical service readiness
in the planning and management of mass casualty incidents. The components and the final model of this research
were obtained after the systematic scientific steps, which can be used as a scheme to improve emergency medical
service preparedness in response to mass casualty incidents.
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Background

Mass casualty incidents (MCls) are among the critical
issues that affect the healthcare system including emer-
gency medical service (EMS). The World Health Organi-
zation (WHO) defines MCIs as disasters characterized
by quantity, severity, and variety of patients that can
immediately overwhelm the capability of local medical
resources to deliver comprehensive medical care. MCls
occur when the demand for medical services brought on
by a sudden event exceeds the capacity of a healthcare
system to supply them [1, 2]. MCIs span multiple causes
including natural disasters, transport incidents, terror-
ism, armed conflicts, etc. MCls are often devastating to
societies and have profound mortality and long-term
consequences [3]. EMS is a part of the health system that
is assigned to emergency response. The WHO consid-
ers EMS systems as an integral part of any operational
healthcare system. EMS provides care to people in a vari-
ety of medical emergencies. One of the most important
responsibilities of EMS is to respond to MCIs. When
an EMS response involves large casualties, responsible
organizations such as the police and fire and rescue teams
must utilize resources to expand operations. In large
MClIs, there may be more victims than regional EMS
can manage, and additional assistance may be required.
When the resources are limited or the EMS is involved in
the number of casualties, the disaster happens. In most
MCIs, routine operations may be developed to manage
increased capacity. In the United States, MCls are man-
aged using the National Incident Management System
(NIMS) and the Incident Command System (ICS). All
rescue providers and disaster management workforce
should be familiar with and competent in using NIMS
and ICS [4, 5].

EMS plays a major role in managing all phases of MCls,
including prevention, preparedness, response, and recov-
ery [6]. These systems require an organized and planned
approach with adequate resources so that they can
effectively manage MCIs. Such important tasks of this
system are life-saving measures, triage, and transfer of
the injured to medical centers. The EMS system should
increase its level of preparedness in response to such dis-
asters. This requires planning, training, coordinating, and
sensitizing managers to pay more attention to this area
[7]. Therefore, EMS systems must design a framework
based on standard indices. To this end, this study was
conducted to identify the components of EMS readiness
in MClIs and design a model that can depict the dimen-
sions of EMS preparedness in response to MCls.

Conceptual framework
The conceptual framework of this research in line
with the study objectives includes three components:
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emergency medical service (EMS), preparedness, and
mass casualty incidents (MClIs).

Conceptual view of emergency medical service (EMS)

An Emergency Medical Service can be defined as "a
comprehensive system which provides the organization
of staff, facilities, and equipment for the effective, coor-
dinated, and timely delivery of care and emergency ser-
vices to victims of sudden illness or injury." The ambition
of EMS focuses on providing timely care to the victims
of sudden and life-threatening injuries or emergencies to
prevent undesired mortality or long-term morbidity. The
function of EMS can be simplified into four main com-
ponents: accessing emergency care, care in the commu-
nity, care en route, and care upon arrival to receiving care
at the healthcare facility [8, 9]. In addition to the routine
responsibility of EMS, one of the important tasks of this
system is disaster management [2].

Conceptual view of preparedness

Preparedness is the knowledge and capacities developed
by governments, professional response and relief organi-
zations, communities, and individuals to effectively antic-
ipate, respond to, and recover from the impacts of likely,
imminent, or current hazards, events, or situations [10].
Preparedness is a continuous cycle of planning, organ-
izing, training, equipping, exercising, evaluating, and
taking corrective action to ensure effective coordination
during the incident response [11]. Preparedness within
the field of emergency management can best be defined
as a state of readiness to respond to a disaster, crisis, or
any other type of emergency [12, 13]

Conceptual view of mass casualty incidents (MCls)

A Mass Casualty Incident (MCI) can be defined as "an
overwhelming event, which generates more victims at a
time than locally available resources can manage using
routine procedures. It requires exceptional emergency
arrangements and additional or extraordinary assis-
tance." MCIs can occur as a consequence of a wide vari-
ety of events: disasters (both natural and man-made),
terrorist attacks, motor vehicle collisions, etc. Whatever
the cause of the event is, the characterizing feature of an
MCI is the number of victims large enough to disrupt
the normal functioning of healthcare services. MClIs can
be classified into different levels according to either the
number of potential victims or the entity of the response
[14].

Methods

This research was an explanatory mixed method sug-
gested by Creswell [15] which was conducted in five
consecutive stages in Iran between November 2021 and
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September 2023. The purpose of this mixed-method
study was to identify the main components of EMS pre-
paredness in MCls in several systematic stages and then
design a conceptual model that can represent the essen-
tial elements of EMS readiness in MClIs in the form of
a framework. The questions of this research were as
follows:

What are the main and effective components of EMS
preparedness in response to MCls?

What will be the final model of EMS readiness in
response to MCls?

The research implementation diagram is shown in
Fig. 1.

Systematic review

Eligibility criteria and search strategies

This study was conducted based on the Preferred
Reporting Item for Systematic Reviews and Meta-anal-
yses (PRISMA-ScR) instruction. The systematic review
instruction included the background data, review ques-
tions, inclusion and exclusion criteria, search strate-
gies, selection of studies, criteria to review the studies,
literature review, data extraction, and reporting. A sys-
tematic search was performed from January 1970 to

Stage Method

Data collection by
systematic review

;na;ysm O;

systematic review

PRISMA guideline

» Data summarization
* Summary tables

* Semi-structured in-depth

Qualitative study interviews with 36 people
data collection * Follow up by phone

_'V—J * noting
R

* Coding

Qualitative data + Content analysis

+ MAXQDA

analysis » extraction of themes and sub-themes
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February 2022 in peer-reviewed English texts related
to the research question—i.e., what the components
of EMS preparedness for MCIs are. First, a rapid and
general search was conducted in the Cochrane Library
database to ensure the lack of duplicate studies. The
results indicated that there were no duplicate articles.
The electronic databases searched included PubMed,
Cochrane Library, Scopus, Science Direct, and Pro-
Quest. The gray literature, such as books, theses, con-
ference articles, and websites, was also searched. The
“AND” operator was used to search among the groups
of words considered as separate concepts. For syno-
nym words, the “OR” operator was used. The search
was conducted on the titles, abstracts, and keywords of
the articles. Medical Subject Headings (MeSH) terms
were used to find articles in the PubMed database. The
search strategy is presented in Table 1.

The keywords were selected using MeSH and inves-
tigating the studies based on the objectives. In the next
step, a full list of references for all the articles was pre-
pared, and the titles of the articles were investigated by
the researchers to omit the irrelevant ones. The END
NOTE software, version X8, was used to manage the
resources.

Result
10 articles were selected

Identifying the components

The text of the interviews

Identifying the
components of the
qualitative study

Data integration

Quantitative data
collection

Model design

» Examining the identified components
+ Content analysis in the panel of
experts and integration of components
* Determine the main components

+ Validation with Delphi technique
* Quantitative analysis
*» SPSS

* Discussion in the panel of experts

* Designing the model in the panel
of experts

Fig. 1 Research implementation diagram

* Panel discussion
+ Extraction of integrated components

Determination of
final components

The final model designed
based on Adam Tager's model
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Table 1 The search strategy employed to determine the
components of EMS preparedness in MCls

PIO #1 AND #2 AND #3 Strategy

p "Emergency Medical Services" OR "Prehospital” #1
OR "Paramedic" OR "Prehospital Emergency Care" OR"
Emergency Medical Technician"

"Catastrophe" OR "Disaster" OR "Emergency" OR "Acci- #2
dent" OR "Incident simulator " OR "Event" OR "Mass Cas-
ualty Incident" OR "Multiple Casualty Incident" OR "Mass
Destruction" OR "Mass Destruction of Weapon" OR "Ter-
rorist" OR "Chemical, Biologic, Radioactive, Nuclear,
Explosive"

O "Preparedness" OR "Preparation" OR "Readiness" #3
OR "Response”

Inclusion criteria

The main keywords were used to explore the stud-
ies related to EMS preparedness in MCIs. First, the
titles of the articles were evaluated by two independ-
ent reviewers. We determined whether titles, keywords,
or abstracts were included in the study subject. In the
case of disagreement, they were verified by one external
reviewer using the consensus method, and any disagree-
ment was resolved. Then, the abstracts were assessed;
finally, the full texts of the articles were evaluated based
on the validated checklists. The STROBE (Strengthen-
ing the Reporting of Observational Studies in Epidemiol-
ogy) and the COREQ (Consolidated criteria for reporting
qualitative research) checklists were used for the quality
evaluation of the studies. The included articles were writ-
ten in the English language. Unpublished articles (gray
literature), protocols, conference papers, guidelines, and
reports from creditable organizations were reviewed as
well. To analyze the risk of bias, two researchers indepen-
dently performed all quality assessment processes based
on the Cochrane Collaboration tools.

Exclusion criteria

The articles in the field of hospital emergency depart-
ment, those irrelevant to the research questions, guide-
lines outside the scope of the study, and the articles that
did not meet the expected quality according to the vali-
dated checklists were excluded from this study.

Screening

First, the titles of all the articles extracted from the data-
bases were checked by two independent reviewers. The
articles that met the inclusion criteria and were rele-
vant to the research question were selected. In the next
step, the author studied the abstracts of the selected
articles. Then, those abstracts that were completely in
line with the study objectives and the inclusion criteria
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were extracted, and their full texts were assessed by the
authors. Finally, the articles relevant to EMS prepared-
ness in MCIs were selected.

Data extraction

The essential information was extracted after reading
the articles carefully based on the summaries and collec-
tion forms. This form included the title, corresponding
author, research objective, research population, samples,
country, time of research, research design, instruments,
method, results, and conclusion sections. The summary
forms were filled out for each article. These forms were
evaluated by two independent researchers after review-
ing all the articles; the data were then presented in a
table. If there were disagreements in data extraction, an
external researcher commented on the conflicting issues,
and any disagreement was resolved [16].

Qualitative study

Design

This qualitative study was conducted using a content
analysis approach. Inductive coding was adopted in
this approach. Recently, three approaches have been
presented in content analysis, including conventional,
summative, and directed, which differ in coding and
trustworthiness. In the conventional approach, classifica-
tion codes are extracted directly from the data [17]. The
study adopted the conventional content analysis as well.
This study was conducted using the consolidated criteria
for reporting qualitative research (COREQ).

Setting and participants

Sampling was done from five provinces (Tehran, Fars,
Hormozgan, Hamadan, and Kerman) in Iran from April
2022 to mid-March 2023. The participants were manag-
ers and members of the EMS incident command team,
EMS field experts, technicians, paramedics, and EMS
telecommunicators with rich information who were
selected using the purposive sampling method. Sam-
pling continued until data saturation. The inclusion
criteria were as follows: (1) having at least a bachelor’s
degree; (2) having experiences in MCls context and being
motivated to participate in the study; and (4) signing an
informed consent form.

Data collection

Data were collected through semi-structured interviews
by the researcher (VS), using a pilot-tested interview
guide. The interviews were conducted face-to-face, and
their follow-up was mostly done using a telephone. The
study outline was approved by three members of the
research team. Some of the main interview questions
were as follows:
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(1) In what ways is EMS more vulnerable during MClIs?

(2) What measures are needed to be taken in EMS
before MCls?

(3) What features should EMS systems have to respond
to MCls?

(4) What elements affect EMS readiness in MCIs?

All the interviews were completed and recorded by the
main researcher (VS). The interviews lasted about 30-90
min, and the participants responded to all the questions
according to the research outline. Before the interview,
the necessary arrangements were made with the par-
ticipants. The interviews were conducted in a quiet and
uninterrupted atmosphere. The researcher refrained
from using negative, judgmental, and forgiving state-
ments and attitudes. Data collection continued until
saturation, and the researcher stopped sampling when
he realized that no new data was obtained and that there
were a lot of duplicated data.

Data analysis

A qualitative method was used for data analysis. After
each interview, the recordings were transcribed, and the
main researcher (VS) used the content analysis method
to analyze and summarize the data. The steps were: (1)
familiarization: the text was read repeatedly to familiar-
ize the subjects with the qualitative data; (2) coding: the
open coding method was used to analyze the data line
by line, and essential words and phrases (unit meaning)
were recorded in the margins of the content; and (3) inte-
gration: each important meaning unit was described in a
descriptive code, and codes with the same meaning were
integrated [18]. MAXQDA was used for data organiza-
tion and coding. After the analysis, two other researchers,
who were familiar with the telephone records, performed
a peer review to ensure the validity of the analysis results.

Rigor

Long-term engagement with participants, member and
peer checking, presentation of rich descriptions of data,
and data analysis were used for rigor [19]. Besides long-
term communication with the participants, the research
team spent enough time on data collection and follow-up
with the interviewees. Transcriptions along with coding
and categories were shown to two qualitative research-
ers for peer check. Their confirmation was obtained after
applying their comments. A brief report of the interviews
and the extracted codes was given to the interviewees,
who approved it to examine the members. There was also
an attempt to consider the maximum diversity in sam-
pling for transferability [20].
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Integrating the results of the systematic review

and qualitative study

The integration of the results was done using joint dis-
play technique in the expert panel [21]. The members
present in the panel consisted of 10 experts in the field
of EMS and MClIs area who were selected purposefully.
To integrate the findings of two qualitative stages and
systematic review, we first entered a table with three col-
umns into Word software. On the left side, the findings
of the systematic review were entered, and on the right
column, those of the qualitative study were entered. A
column in the middle was considered empty to enter
the integrated findings. Before entering the findings into
the table, the research team did a content analysis on
the findings of the systematic review, and new concepts
were obtained from the data extracted from this stage.
Two expert researchers in the field of EMS independently
reviewed the results of this content analysis, and any dis-
agreement was resolved. This content analysis was done
because, firstly, the components of the systematic review
were unique in terms of content and did not overlap with
each other. Secondly, the components of the two stages
should have a closer affinity for integration. It is worth
mentioning that two researchers in the field of EMS and
the people present in the panel were very familiar with
the setting of EMS and this selection of people was done
purposefully. After entering the final results of each step
into the table, the panel members reviewed all the find-
ings of both studies separately. Then, the components
were read one by one from the left side by the researcher
and the members were asked to determine the similarity
of this finding with that of the right column by drawing
a line through critical thinking. To reach a consensus at
this stage, voting by raising hands was used. This process
was done for all the findings in two consecutive panel
sessions until the completion of the integration stage.
Table 2 shows integration of components using the dis-
play joint method.

Validation of the components using the Delphi technique

The Delphi technique was used to validate the integrated
components. It is a systematic approach to elicit opinions
from a group of experts on a specific topic [22]. Targeted
sampling was used to select the experts who were work-
ing in EMS systems at this stage. The research popula-
tion consisted of experts in the field of health in disasters
and emergencies, emergency medicine specialists, and
managers of the EMS system of Iran (Fars, Hormozgan,
Tehran, Hamedan, and Kerman provinces). A question-
naire containing extracted components was created by
the research team and sent to 29 participants who were
selected purposefully. This questionnaire included 23
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Table 2 Display joint method for integrating the results
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Systematic review findings

Integration

Qualitative findings

Component 1

Integrated component 1

Component 1

Component 2

Integrated component 2

Component 2

Component 3

Integrated component 3

Component 3

Component 4

Integrated component 4

Component 4

Component 5

Integrated component 5

Component 5

Component 6

Integrated component 6

Component 6

questions scored using a five-point Likert scale, and the
scored ranged from completely agree (score 5); I agree
(score 4); I have no opinion (score 3); I disagree (score
2), and completely disagree (score 1). In the question-
naire form, the purpose of this step was explained, and
the consent form was signed by the participants. Out of
29 people, 22 completed the questionnaire. SPSS version
16 software was used for data analysis. Descriptive statis-
tics were used to interpret the data. Mean and standard
deviation indicators were used to describe the percent-
age of the participants’ agreement on each component.
In the first round, the components whose average score
was less than 50% were eliminated. A percentage of
agreement greater than 75% for each component means
that it is accepted. The components whose percentage
of agreement was between 50 and 75% were included in
the second round, and if more than 75% agreement was
obtained, they were approved [23].

Model design

A panel of experts was used to design the model. This
panel was held with the presence of 7 disaster context
specialists and EMS experts who selected purposefully.
For this purpose, the objectives of the research were first
described to the experts. Then, the components obtained
from the previous steps were explained to them so that
they could express their opinions and ideas about the
role and placement of the variables, and schematic of
the model. Since in this model the cause-effect relation-
ship of the variables was not considered, an attempt was

made to design a simple and expressive model by consid-
ering the international standards. Therefore, to examine
the models, we searched internationally recognized EMS
agencies and systems such as the Federal Emergency
Management Agency (FEMA), Pan American Health
Organization (PAHO), and other related databases. After
reviewing and discussing, a model that was close to our
goals was selected finally. However, minor changes were
made to this model to make it easier to understand.
This model was introduced by Adam Tager. Adam Tager
serves as the disaster preparedness program manager in
the FEMA mission support executive office. In this role,
he leads preparedness and response attempts on behalf of
the associate administrator for mission support. Before
this, he served as a field operations analyst and a consult-
ant supporting FEMA and the Department of Defense.
He has worked with national and state emergency man-
agement programs and has had roles in all-hazards event
response and recovery, development and conduct of
training exercises, and development and writing after-
action reports [24]. Therefore, this model was selected,
and after some changes was made in it, the schematic of
the model was drawn.

Results

Findings of the systematic review

After searching the databases, 20,499 articles were identi-
fied; of them, 201 were in Direct Science, 1417 in Pub-
Med, 16,192 in Scopus, 2677 in ProQuest, and 12 in the
Cochrane Library. After screening and evaluating the
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quality of the articles, finally, 10 articles were included
in the study. The components of the EMS preparedness
in MClIs were identified after reviewing the articles. The
16 main components including education and training,
skills and experience, relationships and psychological
factors, management planning, constant improvement,
coordination, manpower, equipment and ambulance,
support processes, command and control, incident scene,
triage, evacuation and gathering, treatment, communica-
tion, distribution, transport, and follow-up of the injured
were extracted. These were extracted by the research
team through summarizing the findings of the articles.
The components were classified into four categories,
including individual improvement, group improvement,
resources, and operations through thematic analysis [16].

Findings of the qualitative study
Thirty-six participants (24 men and 12 women) were
included in the study. Thirteen components were

Main category

Strengthening
management and
organization
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extracted from the study and classified into five catego-
ries including strengthening management and organi-
zation, individual and group empowerment, capacity
expansion, technology and infrastructure development,
and operational response measures [20], as shown in
Fig. 2.

Findings related to the integration of the results

of the systematic review and qualitative study

23 components were extracted from combining the
results of the two stages of systematic review and qualita-
tive study in the panel of experts. The integrated compo-
nents are presented in Table 3.

Findings of the Delphi phase

In the first round of Delphi, 22 out of 28 partici-
pants completed the questionnaire. In the second
round of Delphi, out of 28 subjects who had received
the questionnaires again, 22 experts filled out the

Individual and group
empowerment

Capacity expansion

Technology and
infrastructure
development

Operational response
measures

Intra and

Subcategory Participants (%)

Command and control 32 (89%)
optimization

Compilation of 26 (79%)
preparedness plan

Comprehensive 23 (64%)
information system

30 (83%)

interorganization
collaboration

Skills enhancement 36 (100%)

Physical and mental 25 (70%)
preparedness

Promotion of public 19 (53%)
awareness

Maximum coverage 22 (61%)
of EMS

Logistic and support 28 (78%)

Emergency 31 (86%)
communication
system promotion

Modernization of EMS 17 (47%)
systems

Improvement of 28 (78%)
indices time

Incident scene operation 31 (86%)

Fig. 2 Findings of the qualitative stage (this printed table is the result of our article published in reference 20)
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Table 3 Findings related to the integration stage

N Components Systematic Qualitative
review study
1 Command and control * *
2 Internal and inter-organizational coor- * *
dination
3 Education and training * *
4 Physical and mental preparedness * *
5 Resource management (mobilization * *
and centralization of resources)
6 Increase capacity * *
7 Compilation of preparedness plan * *
8  Strengthening the infrastructure * *
9  Promotion of public awareness * *
10 field operations * *
11 Time indicators of emergency opera- * *
tions
12 Unified emergency contact number * *
13 Comprehensive system information * *
14 EOC integrity * *
15 Safety and security * *
16 Logistic and support * *
17 EMS modernization * *
18 Emergency communication * *
19 EMS maximum coverage * *

20 EMS decontamination teamsin CBRNE ~ * -

21 Ethical considerations * -
22 Common triage and treatment *
23 Specialized tactical teams * *

EOC Emergency operation center
CBRNE Chemical, Biologic, Radioactive, nuclear, Explosive

questionnaires sent. Descriptive statistics showed that
22 subjects entered the Delphi stage, of whom 16 were
men and 6 were women in the age range of 32-55 years
and with a work experience of 5-25 years. The results
of the statistical analysis showed that out of 23 com-
ponents, only "Establishment of EMS decontamination
teams in CBRNE" scored less than 2.5 (with an average
score of 2.27, which means less than 50% of the accept-
able score), so it was eliminated during the first round.
According to the results, the average of most of the
components was more than 3.75 (more than 75% agree-
ment), and only two components, "Common triage and
treatment” and "Unified emergency contact number",
had an average score of more than 2.5 and less than
3.75 (i.e. agreement between 50 and 75 percent) and
were sent to the second round of Delphi. In the second
round of Delphi, the two components mentioned were
again given to 22 participants and the scores were ana-
lyzed. The results showed that the average agreement
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score of these components was more than 3.75 (i.e.
more than 75% agreement).

After the completion of the Delphi phase, it was found
that 22 out of the 23 components finally got the necessary
points; thus, they were approved for review in the next
phase which was related to the panel of experts. All the
Delphi rounds and the final scores are shown in Table 4.

Model design

The design of the schematic was based on the model
proposed by Adam Tager. According to the acceptabil-
ity and validation of this model in the panel of experts,
with some modifications in line with the study objectives,
this model was selected and finally the schematic form of
the model was designed. This pattern consists of classes
that are placed in a cycle, while the main subject of the
model is in the center, and the subclasses are placed out-
side the cycle in their partitions. After content analysis
in the panel, all components were placed in 5 main cat-
egories including "Command", "Operations", "Resources",
"Communications and Information”, and "Group and
Individual Empowerment". The final model of EMS pre-
paredness in response to MCls is designed in Fig. 3.

Discussion

After several consecutive steps in this research, the com-
ponents of EMS preparedness in MCls which were the
main objectives of the study were finally determined.
One of the reasons why the research team decided to do
a mixed-method work was the importance of the area.
Maybe, if we had a single study approach to achieve the
main goal, we could not confidently trust the obtained
result. Therefore, the mixed method was adopted. Sys-
tematic review studies contain rich results, and we
have made comprehensive findings in this phase. The
findings of the systematic review included the experi-
ences of EMS systems around the world in response to
MClIs. Most of the results of this phase, according to the
selected articles, were taken from the real experiences of
EMS systems, and this was a turning point in the find-
ings obtained in this research. Considering that this
study was in a special context (the field of emergencies
and disasters), it would be better to consider complemen-
tary methods to achieve the goals. Therefore, we decided
to look for unwritten experiences in disaster context, in
addition to the published documents. For this reason, we
chose a qualitative approach to obtain the experiences of
people who spend their lives in EMS systems. The pur-
pose of conducting a qualitative study was to enrich the
results in this mixed method. A qualitative study was
conducted with in-depth semi-structured interviews
in Iran, and the results obtained were mostly consist-
ent with those of the systematic review phase. After
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Table 4 Scores of the components in the rounds of Delphi

N Components First round of Delphi Second round of Delphi Final score Final result
(Mean/Standard (Mean and standard
deviation) deviation)
1 Command and control 4777042 - 9545 Accept
2 Internal and inter-organizational coordination 4.90/0.29 - 98.18 Accept
3 Education and training 4.95/0.21 - 99.00 Accept
4 Physical and mental preparedness 4.63/0.90 - 92.72 Accept
5 Resource management (mobilization and cen-  4.72 /045 - 94.54 Accept
tralization of resources)

6 Increased capacity 4.86/0.35 - 97.27 Accept
7 Compilation of preparedness plan 4.86/0.35 - 97.27 Accept
8 Strengthening the infrastructure 4.86/0.35 - 97.27 Accept
9 Promotion of public awareness 4.63/049 - 92.72 Accept
10 field operations 4.90/0.29 - 98.18 Accept
1 Time indicators of emergency operations 4.81/0.39 - 96.36 Accept
12 Unified emergency contact number 263/0.58 3.81/0.85 76.36 Accept
13 Comprehensive system information 4.72 /045 - 94.54 Accept
14 EOC integrity 4.59/050 - 91.81 Accept
15 Safety and security 4.72/0.55 - 94.54 Accept
16 Logistic and support 4.81/0.39 - 96.36 Accept
17 EMS modernization 4.77 /042 - 9545 Accept
18 Emergency communication 4.86/0.35 - 97.27 Accept
19 EMS maximum coverage 4.77 1042 - 9545 Accept
20 EMS decontamination teams in CBRNE 2.27/0.70 - 4545 Reject
21 Ethical considerations 4.63/0.58 - 92.72 Accept
22 Common triage and treatment 250/0.74 3.77/0.75 7545 Accept
23 Specialized tactical teams 4.63/0.58 - 92.72 Accept
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passing through these two steps, we integrated the find-
ings in a systematic way to obtain more comprehensive
results. After several consecutive stages, 22 main compo-
nents were finalized, which were drawn in a conceptual
model in 5 main levels including command, operation,
resources, communication and information, and group
and individual empowerment for better understanding
and implementation. Although the known components
in this research have many similarities with the studies
done, the differences mostly originate from regional and
national structures and policies. One of the highlights of
this study was the removal of the component of "EMS
decontamination teams in CBRNE" in the first round of
Delphi. Although this component was extracted from the
systematic review [16], it was not accepted in the remain-
ing stages, including the qualitative study [20], Delphi
stage, and panel of experts. One of the reasons this issue
arose in the qualitative study and expert panel was that
EMS has complex tasks in triage, treatment, transfer, and
other incident management processes [25], and decon-
tamination is a sensitive operation that requires special-
ized logistics and equipment that is beyond the scope of
most EMS systems. In most emergency systems, the duty
of decontamination (according to the type of the risk)
is the responsibility of the fire department, army, safety
units of refineries and factories, and so on. However, this
component must be accepted in some EMS systems due
to the existence of resources, equipment, integration of
rescue teams, and regional policies [26]. Due to the com-
plexity of CBRNE incidents, regional policies are essen-
tial, and this component may not be accepted globally in
an EMS setting. However, this issue depends on national
and regional policies.

In addition, components such as a common emergency
contact number, common triage and treatment system,
and tactical teams that are used in many emergency sys-
tems still have pros and cons in some countries. However,
the rest of the components, including the unified com-
mand, strengthening of communication, education and
training, physical and psychological factors, and so on,
are present in most EMS systems as the main indicators
of readiness although there may be differences in how
they are implemented. Nonetheless, in this research, the
components of EMS preparedness in MClIs were explored
in several stages so that a model with reliable indicators
for planning and policymaking can be developed.

Various methods have been used in developing EMS
preparedness and response models in MCIs. Among
these, dynamic modeling methods, computer modeling,
conceptual modeling, and modeling with cause-effect
relationships can be mentioned.

A study by Lee aimed to simulate the distribution
of emergency relief equipment for disaster response
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operations. In this study, the concern was that in the
event of disasters such as storms, earthquakes, and ter-
rorism, there is a need to distribute emergency relief
equipment to the victims to protect their health and
lives. The research team developed a modeling frame-
work for disaster response in which the supply chain of
relief supplies and distribution operations were simu-
lated and analyzed to test the optimal transportation of
relief supplies to various distribution points. The disaster
response simulation model included the modeling of the
relief resource supply chain and operations at the distri-
bution point. The results showed that the model could
evaluate a wide range of disaster scenarios, evaluate
disaster response plans and policies, and identify better
approaches for government agencies and first responders
[27].

In another study, a simulated model of EMS services in
MClIs was designed by Su in Taiwan. In this study, object-
oriented simulation software was used to improve EMS
care. In this research, a computer virtual simulated model
was designed. The results showed that the most efficient
part of this model in caring for the injured is when the
integrated deployment of EMS is launched along with the
increase of emergency networks and specialized life-sav-
ing protocols [28].

Another research was conducted by Pasupathy in
Belgium to design a simulated model of casualty man-
agement in disasters and emergencies. In this study, a
profile of the real injured was drawn by the elites of the
pre-hospital field. These profiles were drawn in a medi-
cal emergency model where a single response was given
by the system to real casualties. The medical emergency
response model focused on emergency services opera-
tions including triage, evacuation, and medical proce-
dures. Medical decisions such as whether to evacuate
or treat at the scene were based on the victim’s breath-
ing, heart rate, and motor response. Finally, a simulated
model was designed that was related to road accidents
and showed how much resources could affect the prog-
nosis in these incidents [29].

In China, a model entitled EMS response dynamic
model was designed in response to MCls. This study was
conducted to find out the EMS-MCI modeling in Shang-
hai, improving rescue efficiency in MCls and providing
a possible method for quick decision making in these
incidents. This model was designed using the Vensim
DSS program and intervention scenarios by adjusting
the scales of accidents, ambulance allocation, emergency
medical staff allocation and the efficiency of organization
and command. The results showed that by increasing
the number of ambulances and improving the efficiency
of the organization and command, the mortality rate
decreased significantly [30].
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Tseng in China designed a theoretical model of EMS
response in tunnel-related traffic incidents as a scenario-
based computer simulation model. In this study, based on
a theory, data related to the general characteristics and
components of MClIs were collected in order to create
a simulation model based on the method of emergency
response plans. In this method, a disaster response sim-
ulation model was presented using realistic accidents
taken from previous experiences. In this study, the main
variables included EMS response components in MCls,
pre-hospital time indicators, the ability to save and pre-
serve hospital life, and the level of organizational and
command efficiency. This model is called causal curve
diagram and included 5 main parameters with 102 vari-
ables, which were connected in the form of curvilinear
flows and based on one-way or two-way relation. In addi-
tion, the subsystems of this model include 5 items: MCls,
hospital rescue and life preservation operations, organi-
zation and control, emergency center, and finally prog-
nosis of the injured which were connected through input
and output variables [31].

The results of this mixed method indicate that EMS
systems need to strengthen specific components to
increase their readiness in response to MClIs. The com-
ponents extracted from this study were identified in
depth with several approaches which were finally drawn
in the form of a simple model. Due to the deep and sci-
entific view in the methodology of this research and
the extraction of validated findings, these results can be
theoretically used in EMS planning and policies in the
field of disasters. In addition, EMS systems and Partner
organizations can use the results of this research in prac-
tice and personnel training. Due to the importance of the
mixed method in achieving rich results in the field of dis-
asters, the method of this study can be used more than
single approaches. Also, the methodology and techniques
of this research can be used as a pattern in the design of
future studies in important areas such as disasters where
it is necessary to achieve valid and vital results.

Due to the complexity of management and operational
planning in most MClIs, it would be better to draw the
preparedness plans in a simple and comprehensible way
so that a quick and effective response can be delivered.
In this research, the goal was to create a simple concep-
tual model that represents the main components of EMS
preparedness in MClIs. The most important distinguish-
ing feature of the model designed in this study was that
simulation, computer and special software methods were
not used as in the above-mentioned studies and the main
attempt was to design a model to cover the important
readiness indicators of EMS systems in response to MCls
so that they can be used easily. Although most of the
components were identified and validated in this study,
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there may be other components that can be unique to
states and regional policies. For example, some specific
indicators were related to the regions with specific cli-
matic and geographical conditions that overshadow the
EMS response. However, in this research the components
of EMS preparedness in MCIs were only introduced and
presented in the form of a model, and the effectiveness of
this model was not measured practically. Therefore, it is
recommended that the effectiveness of this model in the
management of MCls in practical exercises, simulations
and real incidents should be measured.

Limitations

In the systematic review phase, one of the limitations
was the lack of access to some electronic databases such
as Web of science (WOS), for searching articles. Unfor-
tunately, due to economic and political sanctions in Iran,
some databases were not available at the time of the
search and we had to ignore them. This issue worried
us because we might have missed some studies. How-
ever, we tried to use other reliable electronic databases
such as PubMed, Scopus, Science direct, ProQuest, and
Cochrane.

Conclusions

MCIs are complex conditions that can seriously over-
whelm the EMS function. Improving EMS readiness in
MCIs is multifactorial and influenced by regional and
national conditions. Designing a model with different
methods in improving EMS readiness in MCls can have
a significant impact on better understanding of the plans
and policies in simulated environments and real inci-
dents. The designed model can be used as a framework
for implementing EMS management strategies in MCls.
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