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Abstract

Introduction: The earthquake is one of the most natural catastrophic crises that can cause a lot of casualties.
Considering an earthquake-prone country, Iran is ranked as one of the world's most dangerous countries
Objective: In this article, we describe the actions taken by emergency medical service (EMS) after the
earthquake in Kermanshah, Varzaghan, and Bam and compared the strengths and weaknesses of the
emergency response program and the limitations and challenges of this system in dealing with these major
crises.

Method: This study is a cross-sectional study that compares some of the information and findings related to
three earthquakes that occurred in Iran, including Bam, Varzaghan and Sarpol-e-Zahab earthquakes. The data
reported in the present article is descriptive and is based on various independent sources such as National
Emergency Operation Center, Local Emergency Operations Center (EOC), the EMS of the country, the World
Health Organization, the United Nations, the statistics website, the Forensic Data website, the International
Institute of Seismology and Earthquake Engineering, conferences and personal interviews. To ensure the
credibility of the information, the authors reported data that had been verified by two or more sources.
Results: The characteristics of the geographic area of the 3 earthquakes has been described. Post-earthquake
response activities were described in details in subheadings including rapid warning and response, surge
capacity plan, rapid response teams, emergency medical teams, increasing the capacity of health facilities,
increasing transfer capacity, and handling, transportation and distribution of injuries.

Conclusion: In the recent earthquake, had been occurred in Sarpol-e-Zahab, the health response of the country
was largely satisfactory. The existence of structures such as EOC at various levels, the unified incident
command system, emergency operations plan, and Medical Care Monitoring Center are among the most
important reasons for satisfactory performance.
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Over the past 10 years, natural disasters have killed
760000 people, injured 2 million people and
affected more than 2 billion people worldwide (1).
The earthquake is one of the most natural
catastrophic crises that can cause a lot of casualties
(2). Considering an earthquake-prone country, Iran
is ranked as one of the world's most dangerous
countries. The occurrence of 23 earthquakes with
an intensity of more than 5 magnitudes has been
recorded in Iran since 2000 (3, 4). In the past, Iran
has experienced several earthquakes in different
areas, causing severe economic damage and heavy
casualties, and the record number of people killed

in the earthquakes in the last century has been over
73,000, which the actual number is likely to be
more than that (5-7).

After an earthquake, various components of the
health system and treatment centers are
encountered with a large number of patients (2).
Emergency medical service (EMS) is an important
component of the health care system in this
situation (8). The main goal of EMS in responding
to a crisis is coordination and management of the
health system services, as well as the continuation
of medical services through triage, life-saving
activities on the scene, rapid diagnosis and
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treatment, or the transfer of the injured to
emergency departments (9). It has been proven
that timely emergency services will improve the
outcome of patients, especially the time-sensitive
ones (10). Although there is a structured approach
to the response of the EMS system to crises, recent
studies indicate that more activities are still needed
to improve (11, 12).

One of the last earthquakes recorded in Iran
occurred on November 12, 2017, near the town of
Sarpol-e-Zahab, Kermanshah province. Iranian
Seismological Center reported this earthquake 7.3
magnitudes and a depth of 18.1 kilometers. The
earthquake had three foreshocks: 1.9, 2.3, and 4.4
magnitudes one hour before the main earthquake
and hundreds of aftershocks. This big event was
felt across a large area in all directions with a
maximum intensity in the eight focal areas of the
earthquake.

According to the statistics, 620 people lost their
lives and thousands of structures suffered serious
damage, and the two major cities of Ezgeleh (10 km
north of the earthquake center) and Sarpol-e-
Zahab (36 km south-east of the earthquake center)
collapsed completely. Despite the great challenges
that existed in responding to this major crisis, the
responses of local and national organizations to
address this crisis were significant, and the EMS as
the first responder in the health system was
responsible for coordinating and managing health
services in this incident. Earlier, other earthquakes
like the one occurred in Bam of magnitude 6.6 in
2003, as well as in Varzaghan of magnitude 3.6 in
2012, resulted in significant casualties.

The experience of large events can have a positive
impact on the awareness of organizations and
direct their policies to the conduct of incident
management activities (13). In this article, we
describe the actions taken by EMS after the
earthquake in Kermanshah, Varzaghan, and Bam
and compared the strengths and weaknesses of the
emergency response program and the limitations
and challenges of this system in dealing with these
major crises.

Study design

This study is a cross-sectional study that compares
some of the information and findings related to
three earthquakes that occurred in Iran, including
Bam, Varzaghan and Sarpol-e-Zahab earthquakes.
The reason for choosing these three crises in the
first place was the resemblance of earthquakes’
strength and intensity, secondly, geotechnical,
texture and demographic similarities, and thirdly,

the time intervals of earthquakes, which made it
possible to study the performance of the EMS in
three different timeframes.

The methodology of this study and the text of this
article was reviewed and approved by the board of
EMS of the country.

Data gathering

The data reported in the present article is
descriptive and is based on various independent
sources such as National Emergency Operation
Center (NEOC), Local Emergency Operations
Center (LEOC), the EMS of the country, the World
Health Organization (WHO), the United Nations
(UN), the statistics website, the Forensic Data
website, the International Institute of Seismology
and Earthquake Engineering, conferences and
personal interviews. To ensure the credibility of
the information, the authors reported data that had
been verified by two or more sources.

Statistical analysis

The following criteria have been used for
comparison of earthquakes: The first criterion is
the comparison of seismology, geotechnical and
texture data; the second criterion is the magnitude
of the human damage caused by 3 earthquakes; the
third criterion: the notification process and rapid
warning system of the medical emergency services
system; the fourth criterion: the coordination and
pre-hospital Emergency system’s surge capacity
program; the fifth criterion: distribution system
and transfer of patients and injured.

The description of the geographic area of the
earthquake

e Sarpol-e-Zahab
The earthquake occurred in a residential area with
a history of past earthquakes. The study area is
located in Zagros seismotectonic state. Zagros is
considered to be the most active and earthquake-
prone region in Iran. According to reports in
Kermanshah province, 82% of buildings are made
of masonry materials, i.e., without a building
structure. About 80% of urban buildings (211,000
units) and 93% of buildings in rural areas (110,000
units) of Kermanshah province have been made of
masonry materials. In Kermanshah province, more
than one million and a hundred thousand people
reside in housing units without a skeleton (14).

e Bam
Buildings in the region were made of masonry,
brick, steel, and concrete. The brick and mortar
buildings, which have desert architectural features,
were completely destroyed and collapsed in more
than 80% of the cases.
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Geological features of the earthquake, the facilities of the area and damage to humans in compared earthquakes
. Earthquake location

Variable Bam East Azerbaijan Kermanshah

Baseline
Date 2003-12-26 2012-08-11 2017-11-12
Local time 05:26 16:53 21:48
Magnitude (Mw) 6.6 6.5 7.3
Depth (km) 15 9 19

EMS Equipment
Local centers (n) 8 14 16
damaged n/a 0 3
Local Ambulance (n) n/a 14 17
Damaged (n) n/a 0 0
Staff (n) n/a 35 120
Helicopter (n) 0 0 1
Damaged (n) 0 0 0
Technicians of the entire province (n) n/a 380 400
Province ambulance (n) 48 76 100
Local health center (n) 24 168 151
Damaged (n) 24 151 128
Hospital(n) 2 2 3
Damaged (n) 1 1 1
Hospital bed capacity (n) 54 100 277

Human casualties
Total population (n) 115000 263639 427266
Killed [n(%)] 29878 (26.0) 300 (0.1) 620 (0.1)
Injured [n(%)] 22628 (19.7) 2006 (0.8) 9400 (2.2)
Displaced [n(%)] > 45000 (39.1) > 16000 (6.1) >115000 (26.9)

n/a: not available

e Varzaghan

Most of the residential structures in the rural areas
and the cities of Varzaghan, Ahar, and Herris were
mortar and mud or masonry material buildings.
The largest casualty in this earthquake was caused
by the destruction of mud, mortar or brick rural
buildings that simplest technical criteria had not
been considered, and non-structural parts such as
walls and false ceilings had severe damage.
Geological features of the earthquake, the facilities
of the area and damage to humans are summarized
in Table 1.
Post-earthquake response activities

Response activities after the earthquake were
focusing on the priorities of the response were
immediately performed. A joint effort was made by
government officials and international
communities in the first week after the tragedy.
Information is presented separately in Table 2.

¢ Rapid warning and response

Due to the severity of the earthquake which was
felt by most of the officials in Kermanshabh, relative
preparation was made at local authorities from
first minutes, and immediately after the
earthquake, the LEOC was activated. Since there
was no damage to the ambulances of the region,
EMS forces of the area immediately began to

provide services to the injured. Notification to the
NEOC was performed according to preplanned
protocols for warning levels and activation levels.
During the first hour after the incident, the first
meeting of the emergency committee was held at
the NEOC site. Local and central hospitals, rapid
response teams at local, regional and national
levels were called. The disconnection of
communication and telecommunication networks
in the affected areas has caused difficulties in
calling, estimating damages, correct locating and
estimating the required resources. The reports of
the affected areas were collected from the Health
Information Management Unit which was
developed at NEOC. All local, regional and capital
hospitals were on standby. One of the major
strengths of the incident was its concurrence with
the Arbaeen ceremony. Fortunately, these forces
had been stationed on the western border of the
country to manage mass gatherings from months
ago that resulted in a more comprehensive,
efficient and faster response. In total, 90
ambulances, 19 ambulance buses, two mobile
communication vehicles were sent from the
Mehran border to the earthquake zone, which
began serving the wounded from the beginning
hours. In the Varzaghan earthquake, the LEOC was
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immediately activated and the call for forces was
made 5 minutes after the earthquake. Coordination
was conducted to deploy forces from the province,
road stations and neighboring provinces, and
backup EMS teams were sent from the road
stations, city and the province, as well as adjacent
provinces of West Azerbaijan, Ardebil and Zanjan.
The provincial teams were presented at the
damaged site at 19:00.
Unfortunately, in the Bam earthquake, the EOC
structure was not established at the local and
national levels. Also, due to the severity of the
destruction of the area, the first relief teams in the
affected region were announced at 8:40 (3:14 after
the earthquake). There was no comprehensive
warning and response system, which was one of
the reasons for the lack of coordination in response
plans.
e Surge capacity plan

Due to the extent of the Kermanshah earthquake,
the care needs of patients and injured were more
than available resources; therefore, the main focus
of the medical emergency system was on
increasing care capacity. Starting from the very
early hours after the incident, the surge capacity in
three axes of man resources, equipment and
structure was started. Based on reports and

evidence available, hours after the receipt of
earthquake news, medical teams were called from
most of the province's hospitals. But the damage to
some health centers poses serious challenges to
treatment operations. According to the information
of EMS Capacity Assessment system and reports on
the extent of damage, the amount of need for force,
equipment, and ambulance was estimated by the
Committee of the Emergency situation of health
system crisis and immediately the resources were
called and deployed to the region. Also, all units
located on the western border for the Arbaeen
ceremony were settled in the region immediately
after the early hours of the incident.

¢ Rapid response teams
Following the earthquake in Kermanshah, 100
rapid response teams (RRTs) of the EMS system
were sent to the site to assess and respond to the
medical needs of the injured.

o Emergency medical teams
After the earthquake, 50 Disaster Medical
Assistance Teams (DMATs) were immediately
recalled by the NEOC and served to the injured of
the incident.

¢ Increasing the capacity of health facilities
Considering the damage to the health centers, there
was no possibility to provide quick services to the

Details of post-earthquake response activities in compared earthquakes
Variable Earthquake location
Bam East Azerbaijan Kermanshah
Active manpower in the affected area
EMS manpower (national and regional active capacity in 49 616 3224
the earthquake area) (n)
RRT teams (n) n/a 10 100
DMAT teams (n) 12 6 50
Overall performance of field hospitals
Time of establishment of the first field hospital (hour) n/a 11 6
EMS field hospital (n) - 1 3
Other organizations field hospital (n) - - 3
Total referred patients (n) n/a 6275 61500
Surgical operations (n) n/a 50 n/a
Ground and air emergency vehicles in the earthquake area (day 1)
Deployed provincial ambulances (n) 48 n/a 30
Deployed ambulances from other provinces (EMS) (n) 26 46 100
emergency helicopters (n) 0 0 3
helicopters from other centers (Red Crescent, IRGC, 4 planes and 20
n/a 1 .
Army) (n) helicopters
Ambulance bus (n) 1 3 20
Motorcycle ambulance (n) n/a 0 3
Missions performed by EMS (day 1)
Transferred injured (n) 3251 1115 7350
Transferred patients to other towns of the province (n) 6652 1115 6906
Transferred patients to neighboring provinces (n) 4269 0 134
Transferred patients to other provinces (n) 466 0 236
Transferred patients by air emergency (n) 12000 0 2165
*In the Bam earthquake, information was not available in daily segregation, and the total number of missions and transfers are
reported; n/a: not available
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injured in these centers, and the transfer of these
injured to hospitals in Kermanshah province or
neighboring provinces could create serious
challenges for these injured; the rapid launching of
field hospitals led to the transfer of the injured with
critical priority to these centers and provided
essential treatment and medical services to these
patients and injured near the incident site before
they were transferred to a permanent hospital.
Performing various surgeries such as hand
transplantation is one of the important functions of
these hospitals. In this incident, considering the
severity of the incident in the Sarpol-e-Zahab area
and the complete destruction of the only regional
hospital, the first 30-bed field hospital was set up
in less than 6 hours of the incident in the area,
followed by field hospitals in West Islamabad and
Salas Babajani also launched. Interagency
coordination and management carried out by the
NEOC was another strength of the incident, as early
as the aftermath of the incident, the Islamic
Revolutionary Guard Corps (IRGC) and the Army
arrived at the scene. The establishment of three
field hospitals by the military forces in the region
provided a great deal of assistance in managing
injured and casualties.

Another effective action to increase the capacity of
health facilities was the discharge of non-
emergency patients, which was done by alert to all
medical centers in Kermanshah and neighboring
provinces. There are no accurate statistics on the
extent of surge capacity of the medical centers. The
next effective action was converting the non-
medical centers into the temporary medical
centers, as well as the conversion of single-
specialty hospitals to multi-specialty hospitals; in
the earthquake of Varzaghan, the Martyr Madani
and Taleghani single specialty hospitals were
converted into general hospitals through the
establishment of specialist expeditions from
neighboring provinces. Upon the completion of the
debris removal and the prediction of the second
wave of injured, gyms No. 1 and 2 of the medical
university were equipped with emergency facilities
and turned to the health centers to be used in case
of encountering a large number of patients. Also, by
equipping all the capacities available in Imam Reza,
Shohada, Sina and Razi hospitals, the capacity of
these hospitals increased by 200 beds.

o Increasing transfer capacity

Immediately after assessing the situation, 30
ambulances from Kermanshah province and 90
ambulances settled on the western border of the
country for Arbayeen, 3 helicopters and 12
ambulance buses were deployed to the site. In

some of the affected centers where treatment
facilities were severely damaged, the EMS bus
ambulances were utilized as the outpatient and
temporary treatment sites. According to
coordination by the NEOC, with the commander of
the army and the commander of IRGC, four aircraft,
and 20 helicopters were provided to EMS for the
transfer of the injured. A total of 206 flight missions
resulted in the transfer of 2165 injured.

¢ Handling, transportation and distribution of

injuries

After the occurrence of the earthquake and the
presence of EMS forces, the triage of the injured
and basic and advanced life support was carried
out by EMS forces according to the predefined
protocols and the transfer and distribution of the
injured to the health centers was begun. Calls from
the scene to the referral hospitals were often
difficult due to communication problems, as well as
lack of awareness of the capacity of the hospitals,
that requires a direct and specific contact, so the
capacity of the local, regional and Tehran hospitals
using the Medical Care Monitoring Center (MCMC)
was determined and the patients were distributed
by the coordination of MCMC with referral
hospitals. Of the 7350 Kermanshah earthquake
missions, 93.9% (6906) were transferred to
provincial hospitals and 1.8% (134 persons) to
Hamedan province and 4.2% (310 people) to
Tehran and Alborz in 20 hours. 29.4% (2165
people) were transferred via air medical service
and 70.5% (5185 people) via land medical service.
The EMS of the country created a triage point with
medical teams at the airport. Patients with higher
priority of treatment were immediately triaged at
the delivery point of the airport and soon after
referred to referral hospitals in accordance with
defined protocols and prior notification.

Comparing the performance of the EMS system in
three recent earthquakes in rapid response and
warning highlighted the importance of the
existence of the EOC structure at local, regional and
national levels.

In Bam earthquake, the lack of these structures and
infrastructure communication at 3 levels resulted
in more than 3 hours of delay in the presence of the
first relief teams in the region. The coordination
between the LEOC and the NEOC lead to a quicker
and more coherent response in the Varzagan and
Sarpol-e Zahab earthquakes. Also, the preparation
and deployment of emergency teams on the
western border of the country for the ceremony of
Arbaeen led to the timely presence of these teams
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in the Sarpol-e-Zahab earthquake.

To increase the capacity of the emergency medical
and therapeutic system, the experiences recorded
in 3 earthquakes indicate lack of a comprehensive
surge capacity in Bam, which could be a reason to
increase the number of mortality and morbidity
following the incident.

Comparing the program of surge capacity in
Varzaghan and Sarpol-e-Zahab earthquakes, the
focus of the medical emergency system in the
Varzaghan earthquake was on using its provincial
capacities through converting non-therapeutic
centers to the therapeutic ones, the discharge of
non-emergent patients and the conversion of
single-specialty hospitals to general ones. In order
to increase EMS capacity, about one-third of the
province's capacity has been deployed to the
earthquake-affected area. The strengths of this
program are reducing the need for the transfer of
the injured to other provinces and the cost-
effectiveness of this program.

On the other hand, in the recorded experiences of
an earthquake, it is recommended that the
treatment of the injured be carried out near the site
of the incident so that the patient's relationship
with family members and relatives is not
discontinued. The negative aspect of the program
was that the use of provincial capacity would
disrupt the provision of the relief process and
routine services and could lead to the collapse of
health systems in the region.

In the Sarpol-e-zhahab earthquake, coordination
and support of other organizations such as Islamic
Revolutionary Guard Corps (IRGC) and the Army
led to an increase in the capacity of the health
systems, on the other hand, the presence of relief
and medical units at the western border and the
recall of these forces on the scene immediately
after the occurrence of the earthquake led to
decrease of need to surge capacity of the province
which in turn caused organizing the provision of
medical services to the injured without triage and
the patients who went to local health facilities on
their own cars.

Nor did there be a disruption in routine processes.
The weakness of this program is being costly and
moving the patient away from the place of his/her
residence which requires a registry system for the
distribution of the injured and strong follow-up
systems.

Existence of the comprehensive MCMC system for
managing and coordinating the distribution of
patients resulted in a faster and more regular
distribution of patients in provincial hospitals and

hospitals of other provinces and in addition
facilitated the registration of patients' information
and follow up.

The uniform Incident Command System (ICS) was
developed through the EMS of the country for the
integrated coordination and management of health
services so that the management of facilities and
resources of cooperator organizations, support,
and even military forces was carried out by this
system. This resulted in the transfer of a significant
number of injured persons within a limited time
frame, which certainly affected the mortality and
morbidity of traumatized patients that were time-
sensitive.

Limitations

One of the limitations of this plan was the lack of an
integrated national structure for recording
information and lessons learned from events and
crises, resulted in some information being
inaccessible.

It seems that, in the recent earthquake, the health
response of the country was largely satisfactory.
The existence of structures such as EOC at various
levels, the unified incident command system,
emergency operations plan (EOP), and MCMC are
among the most important reasons for satisfactory
performance. However, there is still a need to
strengthen integrated systems and inter-
organizational management. The lessons learned
from these earthquakes can provide motivation for
enhancing preparedness for the future and
response mechanisms.
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