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Abstract

Keywords

Background and aims: Little is known about the causes and contributing
factors of fire accidents in medical centers, like the fire accident in Sina Mehr Safety
medical clinic in Tehran on June 30, 2020 (19 killed and 14 injured). This study
aims to analyze the causes and contributing factors of fire accidents in medical
centers to prevent similar accidents. Accident Causation

Fire

Methods: Literature review, official reports, regulations, and interviews with Medical Center
experts were used for data collection. Partial and holistic thematic analysis Tt
approaches were used to extract causes and causal factors. Fish Bone (FB), Bow

Tie (BT), and Swiss Cheese Model (SCM) were used in open and axial coding

of causes and causal factors, and extracting logical sequences of events and

consequences of accidents. To confirm the findings, expert opinion was used.

Results: 174 causal factors were identified by open coding and 17 causal
factor categories by axial coding. FB and SC were evaluated as efficient in
the inductive classification of incident sub-systems. BT was able to help in
presenting the system components and the logical relationships between them, Received: 2022/07/17
drawing the time sequence, and providing control suggestions in an inductive
and deductive approach. Accepted : 1401/11/10

Conclusion: Latent failures in management and supervision in issuing building
and operation licenses and in occupational health and safety take medical
centers to the edge of accidents. It leads to active failures in fire control and
emergency response. Finally, it causes mishaps, like the fire accident in Sina
Mehr medical clinic in Tehran. New accident models are useful for identifying
factors that cause fire accidents and providing practical interventions for
medical centers.
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EXTENDED ABSTRACT

INTRODUCTION

Medical centers are workplaces at high risk
of fire accidents due to a variety of activities and
potentially hazardous factors. These include the use
of electrical equipment and ignition sources, short-
circuiting of electricity, and the presence of various
kinds of explosive chemicals). The high vulnerability
and low ability of patients predict that fire accidents
in hospitals usually are associated with numerous
casualties. Reconstruction of destroyed hospitals costs
twice as much as its original construction. Therefore,
it is important to observe safety requirements in
medical centers and prevent accidents. Medical
centers are low-risk buildings in terms of structures,
but unfortunate fires with high casualties are often
seen in these workplaces in first-world countries and
developing countries. According to the United States
National Fire Protection Agency (NFPA), during the
five-year period 2011-2015, there were an average of
5,750 fires in healthcare facilities each year, resulting
in 2 deaths and 157 injuries and causing 50.4 million
dollars in direct damage. A fire accident that occurred
in Iran was at a four-floor medical clinic in Tehran
(June 30, 2020). The fire accident occurred due to
the electrical connection of the air conditioner in the
false ceiling of the temporary storage of disinfectants
and oxygen cylinders. The fire in the air conditioner
caused the false ceiling to collapse. Oxygen cylinders
exploded as the heat from the fire spread, causing
the fire to extend to the main building. The accident
resulted in 19 deaths, 24 injuries, and heavy losses.

One of the effective methods to identify the causes
of accidents and eliminate or control them is the use
of models. A series of accident causation models based
on analysis have been proposed as methods and tools
for investigating and analyzing accidents. Among the
models used in the fire safety evaluation of medical
centers are NFPA 101, FRAME, checklist, FMEA, and
Fish Bone. The models used in this study include Fish
Bone (FB), Bow Tie (BT), and Swiss Cheese Method
(SCM), which are widely used in the evaluation of
various accidents, including fire accidents. FB was first
introduced by Ishikawa. This method has been used
to evaluate railway operational accidents, identify the
cause of fire accidents in schools, construction, and
analyze hospital safety and many similar accidents.
The BT model is also a method for risk assessment
with high reliability in many industries that is a mix
of fault tree (FT) and event tree (ET) methods. This
model was first used by the Royal Duke Shell Company
to assess the risk of an oil and gas platform explosion.
The third model used in this study is SCM, which is
based on Heinrich’s domino theory and proposed
by Riesen. According to this model, each layer is a
piece of cheese and problems or failures are holes in
the layers. Accidents will occur when the holes of all

the layers overlap. This model has many uses in the
analysis of organizational events.

Paying attention to the safety of hospitals and
medical centers in dealing with fire is one of the
important components in the quality of health care,
and failure to pay attention to it has had harmful
consequences. In the studies that have been conducted
in the field of fire safety in health centers, one model
has been used to evaluate the incidents. This research
aims to investigate the causes and effective factors in
the occurrence of fire accidents in Iran’s health centers,
focusing on the fire accident in Sina Mehr medical
clinic in Tehran (June 30, 2020), using three models of
FT, BT, and SCM simultaneously to comprehensively
evaluate the accident and provide suggestions to
prevent similar accidents.

METHODOLOGY
Data collection

In the initial stage, a brief literature review was
conducted on articles related to fire accidents. The first
step involved searching keywords, titles, and abstracts
using EndNote (version X9.3) in major commercial
bibliographic databases of work published between
January 2010 and January 2022. These databases
included PubMed, EMBASE, Web of Science, and
SID. Search keywords in the literature review were:
(accident OR incident) AND (causes OR contributing
factors OR investigation OR analysis OR model OR
lesson learning) AND (fire OR explosion) AND
(hospital OR health center OR medical center OR
medical clinic OR clinic). After removing duplicates
using EndNote software, the total number of studies
identified was 450. Subsequently, the titles of articles
and abstracts were reviewed and those deemed
relevant were selected for a full search and review.
Works were selected based on the following inclusion
criteria: (a) the paper implied factors influencing fire
safety in health centers, (b) the paper was published
between January 2010 and January 2022, © the article
was available online, and (d) the article was published
in a peer-reviewed journal. A total of 55 documents
were examined during the first round of review to
identify variables affecting fire safety in medical
centers.

Data analysis

In this study, a theme analysis was conducted. The
collected information was read line by line, and if one
or more semantic paragraphs were identified, that part
was selected as an analytical unit. The semantic unit
was then condensed into one or more short sentences.
Subsequently, the hidden theme or meaning was
extracted. Finally, at this stage, open and pivotal coding
was performed. The aim of open coding was to collect
the codes and transform them into data. A total of 410
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codes (basic causes and causal factors) were identified tree branches and consequences are recorded. The last
that were condensed into 174 open codes (causes and step in the qualitative part of the analysis is to analyze
contributing factors) and 17 axial codes. Following and describe the different sequences resulting from
this, several semi-structured interviews with experts the initial events. Sequences that are important from
were arranged to develop and validate the framework. a safety point of view are the ones that lead to the
accident.
FB methodology
Identification and description of the main event on SCM methodology

the right side of the Fishbone diagram. 2. A horizontal After the identification of safety barriers, the
line is drawn directed towards the box describing the existing barriers and their gaps are categorized from
main event and the primary causes are written on a systematic to direct.

slanting line connected to the main category. 3. The
primary causes are placed in the smaller fish bones RESULTS

associated with the main causes. FB diagram
Open coding extracts 174 primary causes and
BT methodology contributing factors, and then axial thematic coding
In the center of the BT, the critical event that in creates 17 main categories. The 17 axial codes are
this case was the oxygen capsule warehouse fire is deductively placed on the big bones. The open codes
used. In the BT diagram, safety precautions included are deductively placed on each big bone from direct,
in the FT and control measures involved in the indirect, and root causes (Figures 1.A and 1.B).

ET are classified as safety barriers with different
safety functions. The safety barriers are physical SCM diagram

and engineered systems or personnel actions in line Latent failures indicate a susceptible condition
with specific procedures and regulations. The barrier that causes an error and may remain hidden and
determines the way to implement safety functions. undetected for a long time. Latent failures can include
Considering the safety barriers in medical centers, technical or systemic conditions. Technical factors
the safety functions of the barriers are figured out. encompass equipment and engineering. In this case,
Barriers, safety systems, procedures, and actions of the technical error safeguards are the availability of
individuals are used as accident prevention barriers. facilities and equipment for emergencies, manual
The outcomes that could have been occurring in case and automatic fire detection, alarm, and extinguisher,
of failure or success of safety functions are put in the technical, occupational safety, and health supervision
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Fig. 1.A. Causes and contributing factors of fire in medical centers based on the Fish-bone diagram
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Fig. 1.B. Causes and contributing factors of fire in medical centers based on the Fish-bone diagram
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by the controller. Systematic latent factors include
implementation of regulatory and execution laws
over the licensing, received certificate of completion
of work, enough surveillance by relevant officials,
employer accountability, following safety instructions
during the construction of the building, compliance
with national fire protection laws, compliance with
the regulation of protective equipment and building
installation (Figure 2).

BT diagram

The identification of 26 cut sets with a specific
probability and consequence in the model for similar
systems is achieved. The BT model shows that among
the effective factors, the monitoring and inspection
factors of the competent authorities and the factor
of dangerous conditions and initiating events with
numbers 10 and 11 have the most logical impact on
the occurrence of this accident and similar mishaps.
Safety barriers such as fire detectors, alarms, and
extinguisher systems and regulations for issuing and
renewing activity and supervision licenses are also the
most important barriers to preventing this accident
and similar mishaps (Figure 3).

CONCLUSION
The fire accident at the Sina Mehr medical clinic

in Tehran on June 30, 2020, resulted in the death of 19
people and the injury of 14 people, and the imposition
of direct and indirect costs. The present study provides
a detailed qualitative view of the nature and range of
causes and contributing factors affecting the likelihood
and consequence of fire accidents in medical centers.
The accident causation models serve as a helpful guide
for accident analysis and prevention.

After analyzing the causes of fire accidents by the
mentioned models, it is concluded that insufficient
supervision of the responsible organizations is the
most important factor. Also, many causes can be
eliminated if organizations prevent unsafe medical
centers from activity. To promote this goal, responsible
organizations can motivate employers to implement
safety by taking activities. Among these activities,
mention can be made of the grading of medical centers
based on safety standards and receiving less tax from
medical centers with safe buildings.

The second important factor recognized by the
authors was the employer’s lack of attention to building
safety regulations. Employers must be responsible for
operating safety and health in the workplace for all
personnel. They must be informed of the risk factors
in the workplace and know how to enforce them.
Employers have to make sure that the employees have
the skills to do their work safely. One way to prevent

Iran Occupational Health. 2023 (01 Sep);20: 14.
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employer violations is to prevent the employer from
converting safety violations into fines for getting
a certificate of ending. Continuous monitoring
of inspectors also reduces the likelihood of safety
violations by the employer. On the other hand, an
employer must be responsible for operating safety and
health of all personnel in the workplace. They must
be informed of the risk factors in the workplace and
know how to enforce them. Employers have to make
sure that the employees have the skills to do their work
safely. The lack of training courses for employees has
caused their educational poverty in how to react in
emergencies. It can reduce by obliging the employer
to train employees.

Finally, equipment must be tested before operation.
Also, it is essential to monitor equipment regularly.
Paying attention to safety equipment in medical
centers, such as electrical equipment can prevent
many accidents. This study shows that simultaneous
use of FB, BT, and SCM models can investigate

direct, indirect, and root causes of accidents properly.
However, due to limitations in predicting time-
dependent behaviors, it is suggested to use dynamic
and non-linear methods in future studies.
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