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Background:Hospitals are complex and dynamic facilities that house vulnerable
people, medical equipment, and hazardous materials, making them susceptible
to fires and explosions with potentially catastrophic effects. This study aims
to understand and address fire and explosion risks in hospital environments
using biomedical engineering, safety, and fire prevention concepts to develop
effective mitigation strategies.

Materials and Methods: The study employed a mixed-methods approach,
integrating quantitative and qualitative techniques. Data from an insurance
and reinsurance company in Peru were analyzed, and surveys, data analysis,
and interviews were conducted. The preferred reporting items for systematic
review and meta-analysis (PRISMA) methodology was also applied to conduct a
thorough literature review.

Results: The results revealed the most frequent risk factors in hospital settings
and identified the most effective mitigation strategies. Implementing these
strategies resulted in a considerable decrease in the incidences of fires and
explosions.

Discussion: The research provides a comprehensive explanation of hospital fire
and explosion risks and proposes evidence-based strategies to improve the
safety. These results underscore the relevance of biomedical engineering in
managing risks within hospital settings. Despite certain limitations, the study lays
a firm foundation for future research aimed at improving hospital safety.
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1 Introduction

Fire and explosion risk mitigation in hospital environments is
crucial due to the high concentration of electrical equipment and
flammable materials in these places. Effective strategies are required
to prevent and manage incidents that may compromise the integrity
of patients, medical equipment, and visitors.

This research focuses on identifying, assessing, and mitigating
fire and explosion risks in hospital environments. Several studies

have contributed to the understanding of these risks, highlighting
the following aspects (Table 1).

Several factors contribute to the risk of fires and
explosions in hospitals, such as combustible materials, ignition
sources, andpoor environmental conditions (OrganizaciónMundial
de la Salud OMS, 2023). These incidents can severely affect
patients, staff, and hospital infrastructure. Among the most
common causes of fires in these environments are electrical faults,
friction and rubbing, mechanical sparks, smoking, use of matches,

TABLE 1 PRISMA checklist of chosen studies.

Database Title Objective Methodology Results

Google Scholar
(Palomino Marín, 2014)

“Design of a methodology for
risk management associated
with the use of biomedical
equipment in clinical
procedures at the Francisco de
Paula Santander Hospital”
(Palomino Marín, 2014)

Develop a methodology to
manage the risks associated
with the use of biomedical
equipment in clinical
procedures in areas such as
operating rooms, emergency
services, and diagnostic
imaging units at the Hospital
Francisco de Paula Santander

A method was created to
manage the risks related to the
use of biomedical devices at
the Francisco de Paula
Santander Hospital. The
objective was to implement it
to reduce as much as possible
the presence of any factor that
could represent risks for
patients, operators, or the
environment

Due to the relevance of clinical
procedures involving the use
of biomedical technology at
the Hospital Francisco de
Paula Santander, it was
decided to focus on operating
rooms, diagnostic imaging
units, and emergency areas

Google Scholar (Castel Pérez
and Sánchez Álvarez, 2018)

“Risk analysis and
methodology for safe work in
the hospital operating room
environment” (Castel Pérez
and Sánchez Álvarez, 2018)

Identify existing occupational
hazards in the work
environment and understand
the configuration of a surgical
block as an independent unit
within a hospital, which
includes operating rooms, and
the technical standards
required in aspects such as
occupational safety, electrical
installations, lighting,
temperature control, and
ventilation

A document search was
conducted in multiple
databases

Healthcare professionals
working in operating rooms
are exposed to a variety of
major hazards on a daily basis.
These can be physical,
chemical, biological,
ergonomic, and psychosocial.
Risks include exposure to
radiation, both ionizing and
non-ionizing, and chemicals
such as anesthetic gases

Web Site (Cones, 2016) “Main Reasons for Electrical
Failures In Critical Hospital
Areas” (Cones, 2016)

To evaluate the effectiveness of
the Failure Mode and Effects
Analysis (FMEA) method as a
Proactive Techno vigilance
tool to mitigate adverse
incidents associated with the
use of medical equipment in a
prestigious university hospital

Presentation of data and
statistics to inform about the
risks of medical equipment
failure and the importance of a
strict maintenance plan and
training of medical personnel

Defects or failures in medical
equipment account for 25% of
the inconveniences that can
cause transitory breakdowns
or difficulties in the clinical
condition of the patients. Six
percent of this percentage is
related to electrical problems.
Unexpected power outages,
power plant tests, and
problems in the electrical
supply of devices are the most
common causes of electrical
failures

Scopus (Wood et al., 2021) “Reducing the risk of
oxygen-related fires and
explosions in hospitals treating
COVID-19 patients”
(Wood et al., 2021)

Describe how higher oxygen
concentrations can lead to
serious fires in medical settings
where oxygen therapy is used

Presentation of data and
statistics to report on
oxygen-related fire hazards in
COVID-19 hospitals. The
methodology is classified into
logical and empirical, and the
hypothetical deductive method
is used to analyze the data and
draw conclusions

There has been an alarming
increase in oxygen fires at
COVID-19 hospitals. The fires
have resulted in the deaths of
patients and medical staff. The
accidents are due to the
intensive use of oxygen in the
care of patients severely
affected by COVID-19. It is
urgent to develop a
comprehensive strategy to
prevent these events

(Continued on the following page)

Frontiers in Built Environment 02 frontiersin.org

https://doi.org/10.3389/fbuil.2024.1495594
https://www.frontiersin.org/journals/built-environment
https://www.frontiersin.org


Ibáñez-Cruz et al. 10.3389/fbuil.2024.1495594

TABLE 1 (Continued) PRISMA checklist of chosen studies.

Database Title Objective Methodology Results

Google Scholar
(Fernández Sánchez Taype,
2016)

“Design of a fire safety plan for
the operating rooms of the
Club Noel Children’s Clinic
Foundation”
(Fernández Sánchez Taype,
2016)

The objective was to establish a
plan to prevent and manage
fires in the operating rooms of
the Club Noel Children’s Clinic
Foundation to ensure safety
during surgery

In order to carry out the
project, several stages were
implemented to facilitate the
development of the Fire Safety
Plan in the operating rooms.
The methodology included six
main stages, namely,
exploration of the state of the
art, outline of formats,
evaluation of the area and
application of the formats,
analysis and diagnosis,
preparation of the safety plan,
and dissemination of the
information

The results indicated that
regulatory authorities lack
sufficient national information
on fire prevention in operating
rooms and that some
healthcare providers are not up
to date with international
alerts. It highlighted the
importance of institutions
working together to investigate
the factors that cause fires in
operating rooms using each
other’s expertise to reduce
risks to patients and medical
staff. Four risk management
failures were discovered: lack
of electrical safety in surgical
areas, proper handling of
surgical supplies, and training
of hospital emergency
personnel. Specific suggestions
were made to address these
possible causes. Preventive
measures and
recommendations for fire
management in operating
rooms were suggested as
essential resources to support
surgical staff in difficult
situations

Web Site (Romo Garrido,
2015)

“Study of causes of fires in
hospitals and prevention and
protection measures”
(Romo Garrido, 2015)

Conduct research on the root
causes of fires in hospital
environments and
corresponding strategies for
prevention and protection

Reports on hospital fires in
Spain that appeared in
different digital media at
national, regional, and local
levels were examined.
Thirty-seven incidents that
occurred between 2004 and
2014 were studied,
investigating their possible
causes and repercussions

Three main groups of causes
were discovered in the study of
these cases, each accounting
for approximately 25% of the
incidents, while the remaining
25% were multifactorial in
origin

Scopus (Lantarón-Sánchez,
2013)

“Research on fire safety in
Spanish hospitals: current
situation and proposed
solution” (Lantarón-Sánchez,
2013)

The objective was to describe
the most relevant aspects of
fire safety in hospital buildings,
comparing them with the
criteria specified in national
regulations

The methodology used was
descriptive, based on an
on-site investigation carried
out in Spanish hospitals. This
included the evaluation of 20
hospitals to ensure the
representativeness of the
sample

This study shows serious
deficiencies in compliance
with hospital standards,
indicating that the current
situation of the building is
inadequate. Vertical
evacuation should not be the
only option considered in fire
situations because there are
insufficient measures to
protect people inside the
building. A solution that
combines passive fire
protection technology with an
active smoke control system is
suggested

(Continued on the following page)
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TABLE 1 (Continued) PRISMA checklist of chosen studies.

Database Title Objective Methodology Results

Dialnet (Ruiz Ibañez et al.,
2010)

“Perspectives on patient safety:
interviews with Colombian
leaders” (Ruiz Ibañez et al.,
2010)

To analyze the patient safety
perspective according to
Colombian leaders in the field
of biomedical engineering

Interviews with industry
leaders, content analysis of
responses, and comparisons
with international patient
safety standards were used

Consequently, it has been
observed that it is now
common for biomedical
engineers to play important
roles in multidisciplinary
working groups investigating
disastrous events in Healthcare
Providing Institutions (IPS) in
Colombia. Even in scenarios
marked by technological
transformations and
sociodemographic and
regulatory changes, this is
evident. By focusing on patient
safety, biomedical engineers
have been able to advance and
strengthen their professional
field by applying a wide range
of skills, including training,
evaluation, management, and
design of biomedical
technology

spontaneous ignition, high-temperature surfaces, and sparks from
combustible materials (Prevención de riesgos laborales en el sector
sanitario, 2024).

In hospitals, the risk of fires and explosions is intensified
due to the presence of flammable products, hazardous materials,
and a high concentration of people and medical equipment
sensitive to high temperatures and smoke (Palomino Marín,
2014). In addition, the possibility of explosions is especially
significant in places such as laboratories, operating rooms,
boiler areas, hydrogen or oxygen cylinder storage, refrigerated
facilities with flammable refrigerants, and spaces where equipment
with autoclaves or compressors for sterilization systems is
used (Organización Mundial de la Salud, 2017). Both qualitative
and quantitative methods have been developed to assess
the risk of fires and explosions in hospital environments
(Organización Mundial de la Salud OMS, 2023). Various preventive
and protective measures have been implemented to decrease
these risks, such as fire warning and control systems, evacuation
plans, and training programs for personnel (Barbeiro and
Pérez, 2021).

In addition, bibliometric analysis in research on explosions
and associated risks has shown a significant increase in
academic and practical interest in this field. Research such
as that by Di Benedetto et al. (2009) has contributed to
understanding the dynamics of explosions in gas mixtures, which
applies to improving safety in hospital environments.

Fire and explosion consequence modeling is fundamental
to risk assessment. Di Benedetto et al. (2009) developed
models to understand the behavior of explosions in gas
mixtures, which are applicable for strengthening safety in
hospital environments (Di Benedetto et al., 2009). These models
allow for predicting the spread of fires and the dispersion of
hazardous substances, facilitating the design of more effective
protection systems.

Biomedical engineering plays a crucial role in hospital fire safety.
The integration of advanced monitoring and alarm systems and the
adoption of fire-resistant materials in the construction of medical
equipment are examples of how technology can strengthen safety.
Research by Liu et al. (2021) on thermal hazard trends in lithium-
ion batteries highlights the importance of addressing specific risks
associated with medical devices (Liu et al., 2021).

Some of the research works that have been carried out in this
area are as follows.

Hospital fires and explosion risks symbolize a significant danger
to health and welfare. This study proposes a method for assessing
such risks in hospital environments. This approach is based on a
predictive model designed to identify potential risks. The authors
concluded that the predictive model proved more effective than
traditional risk assessmentmethods (García-Fernández et al., 2023).

Other researchers have developed an advanced fire detection
and suppression system for hospital environments. This system is
based on a predictive model and has been proven more efficient
than traditional fire detection methods. This innovative approach
facilitates faster and more accurate detection of potential fires,
significantly improving response and riskmitigation in these critical
environments (Barbeiro and Pérez, 2021).

In addition, experts have developed a fire safety training
program for healthcare personnel. This program includes a
module dedicated to using predictive models to detect risks.
Studies indicated that this module effectively increased healthcare
personnel’s understanding of predictive models (Feuerstein and
Custer, 2021).

According to experts in biomedical engineering, electrical
safety regulations must be considered when installing
equipment in intensive care units (I.C.Us) and central
surgical centers (C.S.Cs) as a preventive measure to avoid
accidents such as fires or explosions related to anesthesia
equipment (Prevención de riesgos laborales en el sector sanitario,

Frontiers in Built Environment 04 frontiersin.org

https://doi.org/10.3389/fbuil.2024.1495594
https://www.frontiersin.org/journals/built-environment
https://www.frontiersin.org


Ibáñez-Cruz et al. 10.3389/fbuil.2024.1495594

TABLE 2 Controls implemented in the different insureds.

Number Controls

1 Eliminate the blade type switches from the electrical distribution network of the property or replace them with thermomagnetic switches

2 Tubing, embedding, and/or placing visible electrical cables in metallic tray(s). Eliminate extensions with “twin” type cables

3 Eliminate multiple cross-type outlets. Eliminate all cable connections inserted directly into outlets. Only standardized plugs should be used for connection to
outlets

4 Install a blind cover on pass boxes that lack a cover in the electrical distribution network of the property

5 Establish a grounding system and ensure periodic renewal of the electrical resistance measurement certificate

6 Perform periodic maintenance and certification of the electrical resistance check of the grounding system

7 Place 2 1/2 GAL UL FE 240H pressurized water extinguishers in rooms housing hyperbaric chambers located in places of good visibility, accessibility, and
properly marked according to NFPA99

8 Specialized training and preventive maintenance of electrosurgical equipment and electric hemostatic devices performed by a specialized company at least
once a year, keeping the respective records and certificates

9 Store hazardous materials according to their respective MSDS.

10 Implement and execute a maintenance program for machinery (generator set), keeping maintenance records that provide evidence of the work performed

11 Perform annual maintenance on operating room isolation panels, in accordance with NOM-001-SEDE-2012 and NFPA99, keeping maintenance records that
provide evidence of the work performed

12 Perform vibration analysis and thermography studies to critical medical equipment, according to ISO 10816 and ISO 18434, respectively, keeping the
maintenance records that allow evidence of the work performed

13 Train personnel in charge of the storage and handling of hazardous materials and the interpretation of NFPA diamonds and MSDS safety data sheets

14 Establish and carry out a maintenance program for biomedical equipment according to the manufacturer’s guidelines, keeping detailed records documenting
the interventions performed

15 Perform maintenance and cleaning of filters and exhaust ducts of extractor hoods at least 02 times a year in the kitchen area, according to NFPA 96

16 Perform annual preventive maintenance on power transformers, including general cleaning, filter changes, and oil analysis. Perform this procedure with a
specialized supplier, registering evidence and recording the observations made by the supplier

17 Implement a medical gas supply system; this system must comply with color coding and pipe marking design, according to a previous study and project
carried out by a specialized company and complying with NFPA 99 standard published by the National Fire Protection Association

2024). Research in this area significantly improves fire and explosion
safety in hospital environments, safeguarding the lives andwellbeing
of patients, staff, and visitors.

Research on fire and explosion risk assessment and mitigation
in hospital environments is based on biomedical engineering, safety
engineering, and fire engineering principles. These principles are
crucial to developing practical solutions for identifying, assessing,
and mitigating risks in complex hospital environments (Table 2).
After identifying risks, it is critical to determine their severity.
This can be achieved through qualitative assessment, which
involves identifying and ranking risks according to their severity
(University of Cambridge, 2022), and quantitative evaluation, which
quantifies the risk using factors such as likelihood of occurrence,
severity of consequences, and exposure (University of California
and Berkeley, 2022).

Risk assessment is a crucial procedure to determine which
risks should be addressed as a priority (Barbeiro and Pérez,

2021). Biomedical engineering focuses on applying engineering
principles to medical and biological systems. Biomedical engineers
are crucial in analyzing and mitigating fire and explosion risks
in hospital environments. They use their knowledge and skills to
identify and assess these risks, proposing innovative solutions to
reduce them.

The main objective of fire and explosion risk analysis and
reduction is tominimize the risk to an acceptable level.This involves
implementing various preventive actions, which focus on avoiding
fires and explosions (Organización Mundial de la Salud OMS, 2023)
and protective measures designed to safeguard people and property
in such events (Castel Pérez and Sánchez Álvarez, 2018). Preventive
measures include control of flammable materials, where hospitals
should limit the presence of these materials, and ignition source
monitoring, which implements equipment and technologies that
result in early identification the presence of fire and alert building
occupants to the hazard.
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Hospital personnel must be trained in fire and explosion
prevention and management. Despite the above advances,
prevention and mitigation of these risks in hospital environments
remain crucial. The complexity of these environments, the
diversity of potential hazards, and ensuring continuity of care
pose considerable challenges. The current literature on fire and
explosion risk assessment and mitigation in hospitals is highly
relevant for addressing these issues (García-Fernández et al.,
2023). The use of predictive models and advanced detection
systems is only one of several approaches available. Despite these
advances, shortcomings persist in fully understanding the risks
and implementing practical solutions. In addition, it highlights the
importance of adopting a comprehensive approach that considers
the following considerations:

• Accurate identification of risk factors: Identifying the elements
contributing to the increase in fire and explosion risk in each
hospital environment is crucial.

• Development of effective risk assessment methods: Risk
assessment methods must be developed to be accurate,
reliable, and adaptable to the unique characteristics of hospital
environments.

• Implementation of specific preventive and protective measures:
These measures should be adapted to the characteristics of each
hospital environment, considering the needs of patients, staff,
and visitors.

• Ongoing staff education and training. It is crucial to provide
continuous education and training to staff to ensure proper
implementation of protective and preventive measures.

1.1 Objective

In the context of an insurance and reinsurance company in Peru,
the lack of controls and risk analysis can significantly affect fire
risk management in hospital environments. This situation implies
that adequate preventive and protective measures are possibly not
being implemented, which increases the risk of fires and explosions
in these critical environments. This work contributes significantly
to research on analyzing and mitigating these risks in hospital
environments. By adopting a biomedical engineering perspective
and proposing a predictive model based on NFPA regulations, this
study has the potential to generate innovative and practical solutions
to safeguard these critical environments. Therefore, biomedical
engineers play a crucial role in preventing fires and explosions
in hospitals by ensuring the safety of medical equipment through
inspections and preventive maintenance, managing risks, and
providing safety training and education.

2 Materials and methods

2.1 Study conducted, data search, and
research strategies

The preferred reporting items for systematic review and
meta-analysis (PRISMA 2020) method was used to conduct this
systematic review, which is an updated guideline that specifies 27

TABLE 3 Integrated table of experts’ results.

Criteria Expert 1 Expert 2 Expert 3 Expert 4

Effectiveness High High High High

Feasibility High High High High

Impact High High High High

Cost High High High High

High High High High

essential elements that should be included in a systematic review
report, thus ensuring transparency, completeness, and reliability
of the study. This statement is based on the original version of
PRISMA published in 2009 and has been updated to incorporate
the most recent advances in systematic review methodology.
The structure of PRISMA 2020 comprises several main sections:
introduction, method, results, or discussion, and a detailed checklist
of the 27 items.

For this systematic review, the PRISMA 2020 method was
adopted. An exhaustive search was conducted in several databases,
including Dialnet, Google Scholar, Scopus, SciELO, and PubMed.
The keywords used in the exploration were designed to identify
relevant studies on the risk of fires and explosions in hospital
environments from a biomedical engineering perspective.

Initially, 124 potentially relevant studies were identified.
After reviewing titles and abstracts, eight studies were
selected for a full review. The search strategy used was (Fire
OR Explosion) AND risk AND hospital AND “Biomedical
Engineering,” with no restrictions on time and categorization of
health facilities.

This research also employed a risk assessment methodology to
analyze and mitigate fire and explosion risks in hospital settings
from a biomedical engineering perspective. Four experts in the field
participated in assessing an insurance and reinsurance company in
Peru. This method is based on previous studies demonstrating its
effectiveness in similar contexts (Table 3).

For the risk assessment, both qualitative and quantitative
analyses were used (Ebersbach and Powers, 2022). The experts
rated the risks in four categories: very low, low, medium, and high,
while evaluating the effectiveness, feasibility, impact, and cost of the
proposedmeasures.The ratings obtained were high in all categories,
indicating a high level of consensus and confidence in the proposed
mitigation measures.

2.1.1 Procedure
Determination of the context and scope of the risk: The

principal risks of fires and explosions in hospital environments were
identified, considering the infrastructure, biomedical equipment,
and operating procedures.

1. Selection of experts: Four experts with extensive experience
in biomedical engineering and risk management in hospital
environments were selected (Table 3).
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TABLE 4 Criteria weighting matrix.

Rating

Very low

Low

Medium

High

Effectiveness Feasibility Impact Cost

Evaluation criterion

Legend

Very low control

Low control

Adequate control

Very adequate control

2. Qualitative analysis: The experts were interviewed and
participated in participatory workshops to identify and rank
potential risks. The KISS (keep it super simple) method was
used to rate the risks from very low to high (Ebersbach and
Powers, 2022).

3. Quantitative analysis: Quantitative analysis techniques were
used to compute the probability and impact of the identified
risks. This allowed numerical values to be assigned to the
risks and prioritized according to their severity and mitigation
potential (Ebersbach and Powers, 2022).

4. Evaluation and validation: The proposed measures were
evaluated in terms of the effectiveness, feasibility, impact, and
cost using an evaluation matrix that allowed experts to rate
each aspect on a highly accurate scale (Table 4).

This methodological approach ensures a comprehensive and
specific estimation of risks, facilitating the implementation of
effective mitigation measures in hospital settings.

2.2 Inclusion and exclusion criteria

Twenty-six studies were excluded because they did not strictly
meet the established inclusion criteria:

Inclusion criteria

• Specifically address the risk of fires and explosions in hospitals.
• Be observational or experimental studies.
• Be published in English or Spanish.

Exclusion criteria

• Incompatibility with the topic
• Not related to the object of study

Of the 32 complete studies reviewed, six met all inclusion
criteria and were meticulously evaluated for final eligibility. In

addition, two new studies were included by other methods,
making a total of eight final studies in the review. All of
them were included in the systematic review. The selected
studies employed various methodologies and were conducted
in several countries (Figure 1). The findings revealed significant
variability in the results: some identified an increased risk
compared to other building types, while other studies found
no clear associations. This analysis stands out because there is
a need to comprehensively and scientifically expose the risk of
fires and explosions in hospital settings using interdisciplinary
approaches such as biomedical engineering to promote safety and
prevention.

2.3 Case study for Peru

Within our research, the case study analyzes and manages
fire and explosion risks in hospitals, exploring these situations
from a biomedical engineering perspective. This study examines
several property risk inspection reports in medical centers, clinics,
and hospitals to evaluate the risks related to medical equipment
and possible fire and explosion incidents. A mixed approach
integrating quantitative and qualitative methods will be used to
address these risks in hospitals. A detailed analysis of the database
of an insurance and reinsurance company in Peru will be carried
out using surveys, data analysis, interviews, and the PRISMA
methodology for systematic literature reviews. Risk factors such as
combustiblematerials, medical equipment, and ignition sources will
be identified.

Quantitative and qualitative approaches will be used to assess
the severity of the risks, and adapted preventive and protective
measures will be implemented. Biomedical engineering will be vital
in implementing controls through safeguards in risk inspection
reports. Constant monitoring will be carried out to evaluate the
effectiveness of the implemented actions, and conclusions and
suggestions for improving fire safety will be provided. The study
emphasizes the role of biomedical engineering in risk management
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FIGURE 1
PRISMA flowchart of the selected studies. The new design is adapted from flowcharts proposed by Boers, Mayo-Wilson et al., and
Stovold et al. (Haddaway et al., 2022).

and proposes areas for future research and improvements in hospital
safety.These suggestions will play a key role in improving safety and
preventing incidents in healthcare facilities, which will be crucial in
protecting the hospital infrastructure and the safety of patients and
medical staff.

2.3.1 Population
The population analyzed includes various medical centers and

clinics belonging to an insurance and reinsurance company in
Peru, located in different regions such as Lima, Arequipa, Pucallpa,
Huancayo, and Trujillo. This population of interest includes dental
offices, health centers, medical offices, hospitals, and specialized
clinics, among other types of insured medical establishments.

2.3.2 Variables
The case analysis focused on evaluating and managing risks

related to fires and explosions in hospital environments to develop
effective prevention methods. Several variables that can contribute
to these events were identified and assessed, highlighting the
following factors as potential causes of fires and explosions in
hospitals (Table 5):

1. Electrical overload and poor maintenance: Overheating
medical equipment, often due to excessive electrical load and
lack of proper maintenance, was identified as a significant
risk factor.

2. Improper use of electrical hemostatic equipment: Improper
handling of these devices can lead to operational failures that
increase the risk of fire.

3. Short circuits in medical equipment: Electrical short circuits
caused by defective insulation or internal wiring damage
represent a vital risk source.

4. Failures in the electrical insulation of medical devices:
Problems with the electrical insulation of medical devices,
aggravated by the presence of gases and deterioration of the
insulating material, can cause fires and explosions.

5. Overheating of mechanical ventilators: Failures in ventilator
control systems, problems with thermal switches, and faulty
temperature sensors are all factors that can lead to overheating
and possible fires.

6. Inadequate maintenance of anesthesia equipment: Lack of
proper cleaning and maintenance can result in electrical
insulation failures, generating sparks that can cause fires.

7. Short circuits in tomography equipment: Electrical overload in
these devices was also identified as a significant risk of short
circuits and possible fires.

2.3.3 Controls
At the Peruvian insurance and reinsurance company

under study, controls were implemented to prevent fires and
explosions. Based on the root cause analysis of claims related
to medical equipment, these controls were implemented in
various stages in accordance with current best practices and
standards (Table 2).

2.3.3.1 Validation by data analysis “Use of Controls
(Warranties)”

A data study evaluated the effectiveness of controls applied
in hospital fire prevention. This process allowed for a detailed
evaluation and in-depth understanding of how the controls work
under various conditions.Themethod usedwas the “Use of Controls
(Safeguards)” data analysis method, which compared the incident
rate before and after their implementation.
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TABLE 5 Fire cases in biomedical equipment.

Study Short circuit Electrical overload Cable wear and tear Failure electrical
installations

“Design of a methodology for
risk management associated
with the use of biomedical
equipment in clinical
procedures at the Francisco de
Paula Santander Hospital”
(Palomino Marín, 2014)

YES YES YES YES

“Risk analysis and
methodology for safe work in
hospital operating room
environment” (Castel Pérez
and Sánchez Álvarez, 2018)

YES YES YES YES

“Main Reasons For Electrical
Failures In Critical Hospital
Areas” (Cones, 2016)

YES YES YES YES

“Reducción del riesgo de
incendios y explosiones
relacionados con el oxígeno en
los hospitales que tratan a
pacientes con COVID-19”
(Wood et al., 2021)

YES YES NO NO

“Design of a fire safety plan for
the operating rooms of the
Club Noel Children’s Clinic
Foundation”
(Fernández Sánchez Taype,
2016)

YES YES NO NO

“Study of causes of fires in
hospitals and prevention and
protection measures”
(Romo Garrido, 2015)

YES YES YES NO

“Research on fire safety in
Spanish hospitals: current
situation and proposed
solution” (Lantarón-Sánchez,
2013)

YES NO NO YES

“Perspectives on patient safety:
Interviews with Colombian
leaders” (Ruiz Ibañez et al.,
2010)

YES NO YES NO

2.3.3.2 Methodological steps
In the methodological process, data on the frequency of

fires were collected during a specific period before and after
implementing the controls. Incident rates were calculated for each
period, defined as the number of incidents divided by the units
exposed to risk. These rates were then compared to determine the
incident rates for both periods to determine whether there was a
statistically significant difference. If the casualty rate was lower after
implementing the controls, it could be concluded that the controls
had effectively prevented fires.

2.3.3.3 Validation by expert judgment
Description of the validation process: Expert judgment was used

to analyze and evaluate the proposed controls to mitigate fire and
explosion risks in hospital facilities. The study is part of research
on the analysis and mitigation of these risks from a biomedical
engineering perspective.The questionnaire was the instrument used
for data collection andwas addressed to four experts withmore than
10 years of experience as senior inspectors in property risks. The
validation was carried out individually, without interaction between
the experts (Table 4).
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2.3.3.4 Interpretation of the average

• High rating (3 or 4): This indicates that the control is a
very effective measure to mitigate risk and is feasible to
implement (Table 3).

• Medium rating (2):This indicates that the control is an effective
measure to mitigate risk and is feasible to implement or is very
viable and practical (Table 3).

• Low rating (1): This indicates that the control effectively
mitigates the risk, but its implementation may be complex
or costly (Table 3).

• Very low rating (0): This indicates that the control is not an
effective measure to mitigate the risk or that its implementation
is unfeasible (Table 3).

2.3.3.5 Study design
The present study was conducted using a qualitative and

quantitative approach, combining individual interviews and
participatory workshops with heritage risk inspection experts.
Four experts, each with more than 10 years of experience in the
field, were selected to ensure the validity and relevance of the
data obtained.

2.3.3.6 Data collection
2.3.3.6.1 Individual interviews. Semi-structured interviews
were conducted with each of the experts. These interviews focused
on the identification of fire and explosion hazards in hospital
environments and the evaluation of existing control measures. The
questions addressed aspects such as the effectiveness, feasibility,
impact, and cost of the controls.

2.3.3.7 Participatory workshops
Subsequently, participatory workshops were held where the

experts discussed and validated the preliminary findings of the
interviews. This format allowed for interaction among participants,
promoting a dynamic exchange of ideas and experiences.

2.3.3.8 Evaluation instrument
Aspecialized questionnairewas designed to evaluate the existing

controls based on specific criteria:

• Effectiveness: capacity of the control to mitigate risk.
• Feasibility: ease of implementation of the control.
• Impact: potential consequences of the risk if not controlled.
• Cost: resources required to implement the control.

2.3.3.9 Assignment of risk levels
The KISS (keep it super simple) method was applied to classify

the identified risks on a scale ranging from “very low” to “high.”This
simplified methodology allowed the experts to assign risk levels in a
clear and concise manner.

2.3.3.10 Data analysis
The data obtained were organized in a matrix that facilitated the

calculation of averages and the identification of the most effective
and practical strategies. This analysis provided a clear visualization
of the prioritized risks and recommended actions.

2.3.3.11 Content validation
To validate the content of the questionnaire and the criteria

evaluated, the Aiken V was used. This method made it possible to
measure the degree of agreement among the experts on the validity
of each criterion, resulting in an index of 0.95, indicating a high level
of consensus.

2.3.3.12 Reliability measurement
The reliability of the results was evaluated using the

Cronbach’s Alpha coefficient. A value of 0.91 was obtained,
suggesting an acceptable consistency in the answers provided
by the experts.

3 Results

Out of a total of 124 articles investigated, 124 were found in
Dialnet (n = 14), Google Scholar (n = 37), Scopus (n = 14), SciELO
(n = 19), PubMed (n = 19), and Websites (n = 2). No studies were
identified in Web of Science or LILACS. In addition, 59 papers that
were not closely related to the topic were excluded, leaving 44 papers
for further analysis.

3.1 Document characteristics

Eight scientific articles were reviewed in the systematic review.
The distribution by country of origin of the studies was as
follows: Colombia with 37.5% (three articles) (Palomino Marín,
2014; Fernández Sánchez Taype, 2016; Ruiz Ibañez et al., 2010),
Spain with 50% (four articles) (Castel Pérez and Sánchez Álvarez,
2018; Cones, 2016; Romo Garrido, 2015; Ruiz Ibañez et al., 2010),
and Iraq with 12.5% (one article) (Wood et al., 2021). Regarding
the indexing of the articles reviewed, 25% were indexed in
Scopus (two articles) (Wood et al., 2021; Lantarón-Sánchez, 2013),
12.5% in Dialnet (one article) (Ruiz Ibañez et al., 2010), and
12.5% in Website (two articles) (Cones, 2016; Romo Garrido,
2015). In addition, the remaining 50% corresponded to Google
Scholar, distributed as follows: 25% from Colombia (two articles)
(Palomino Marín, 2014; Fernández Sánchez Taype, 2016) and 12.5%
from Spain (one article) (Castel Pérez and Sánchez Álvarez, 2018).
This distribution reflects a predominance of studies in Spanish-
speaking environments, with a notable contribution of research in
Colombia and Spain (Table 6).

3.2 Standards and references used in the
studies

The studies reviewed used various regulations to support and
validate their findings. An analysis of fire safety in Spanish hospitals
was conducted, assessing its current status and proposing possible
solutions using the BS1 Technical Verification Code for Fire Safety
to compare the mandatory requirements outlined in the national
regulations (Lantarón-Sánchez, 2013). Similarly, another study was
based on the national techno-vigilance and pharmacovigilance
programs, the good clinical practices led by INVIMA, and the
standards established by the Colombian IPS (Ruiz Ibañez et al.,
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TABLE 6 Geographic characteristics and segmentation based on the search engine.

No. Reference Year Country Database

Palomino Marín (2014) 2014 Colombia Google Scholar

Castel Pérez and Sánchez Álvarez
(2018)

2018 Spain Google Scholar

Haddaway et al. (2022) 2009 Spain Web Site

Cones (2016) 2021 Iraq Scopus

Wood et al. (2021) 2016 Colombia Google Scholar

Fernández Sánchez Taype (2016) 2015 Spain Web Site

Romo Garrido (2015) 2013 Spain Scopus

Lantarón-Sánchez (2013) 2010 Colombia Dialnet

2010). In addition, the study entitled “Design of a Fire Safety Plan
in the Operating Rooms of the Fundación Clínica Infantil Club
Noel” also used the BS1 Technical Verification Code to evaluate
the requirements outlined in the national regulations (Lantarón-
Sánchez, 2013).

Another study conducted in three critical areas of the Hospital
Francisco de Paula Santander in Santander de Quilichao used
the National Techno-vigilance Program and Decree 4725, which
establishes the regulations for the sanitary registration, marketing
permit, and sanitary surveillance of medical devices. The study was
also based on Resolution 4816 of 2008, which regulates the National
Techno-vigilance Program, and Colombian Technical Standard
NTC 5460, derived from International Standard ISO 14971 for risk
management in medical devices. It also integrated the Technical
Regulations for Electrical Installations (RETIE), which establishes
requirements to ensure the safety, reliability, quality, and correct use
of electrical installations (Palomino Marín, 2014).

In addition, the importance of maintaining and documenting
the annual maintenance of the isolation boards in operating rooms
according to NOM-001-SEDE-2012 and NFPA-99 standards, as
well as performing vibration analysis and thermography studies on
critical medical equipment following ISO 10816 and ISO 18434
standards, is emphasized. Amedical gas supply system that complies
with color coding and pipemarkingmust be implemented according
to the studies and projects previously carried out by a specialized
company, NFPA-99 National Fire Protection Association standards.
It should be ensured thatmaintenance records are kept to adequately
document the interventions carried out.

3.3 Origin of the studies

Geographically, the research reflects a strong representation
of studies conducted in Spain and Colombia. Spain stands out
with research that deeply analyzes the causes of fires, especially
in operating rooms and hemodialysis areas, where electrical
systems are more vulnerable to overloads and failures (Castel Pérez
and Sánchez Álvarez, 2018; Lantarón-Sánchez, 2013). Additionally,

Colombia presents a detailed approach to risk management in
healthcare devices and safety in intensive care and neonatal
areas, highlighting the need for maintenance and staff training
(Palomino Marín, 2014; Wood et al., 2021). International studies
such as those focused on health protection during the COVID-
19 pandemic and general analyses of electrical causes and
failures in hospitals provide a broad view of the challenges and
solutions applicable to multiple hospital contexts, highlighting the
higher incidence of fires in intensive care areas and isolation
rooms due to high oxygen concentration and extensive use of
electrical devices. Lack of adequate ventilation and improper
use of personal protective equipment are additional factors that
amplify the risk of fire in these environments (Cones, 2016;
Wood et al., 2021; Romo Garrido, 2015).

3.4 Main causes of fires

The studies analyzed reveal that the root causes of fires in
hospital environments are predominantly electrical failures in
biomedical equipment and overloads in electrical systems. In
particular, short circuits, wear and tear of cables, and poorly
maintained connections emerge as the primary triggers of
fires, especially in areas where medical devices are intensively
used. Equipment such as electrosurgical scalpels, surgical
lights, anesthesia machines, incubators, defibrillators, ventilators,
and oxygen concentrators are frequently involved in fire
incidents due to their electrical dependence and constant use
in critical environments. In summary, research agrees on the
importance of proper infrastructure, preventive maintenance,
and ongoing staff training to mitigate hospital fire hazards.
These practices are not only essential to prevent incidents.
Still, they are also crucial for the wellbeing of patients and
healthcare personnel in critical areas, such as operating rooms
and intensive care areas. Implementing these measures can
significantly improve safety and reduce global fire risks in hospital
environments.
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TABLE 7 Hospital areas with the highest fire risk predisposition.

Study Operating room UCI UCI NEO Hospitalization

“Design of a methodology for risk management associated with the use of biomedical
equipment in clinical procedures at the Francisco de Paula Santander Hospital”
(Palomino Marín, 2014)

YES YES YES NO

“Risk analysis and methodology for safe work in hospital operating room environment”
(Castel Pérez and Sánchez Álvarez, 2018)

YES YES YES NO

“Main Reasons For Electrical Failures In Critical Hospital Areas” (Cones, 2016) YES YES YES YES

“Reducción del riesgo de incendios y explosiones relacionados con el oxígeno en los
hospitales que tratan a pacientes con COVID-19” (Wood et al., 2021)

YES YES NO NO

“Design of a fire safety plan for the operating rooms of the Club Noel Children’s Clinic
Foundation” (Fernández Sánchez Taype, 2016)

YES YES NO NO

“Study of causes of fires in hospitals and prevention and protection measures”
(Romo Garrido, 2015)

YES YES YES NO

“Research on fire safety in Spanish hospitals: current situation and proposed solution”
(Lantarón-Sánchez, 2013)

YES YES NO YES

“Perspectives on patient safety: Interviews with Colombian leaders” (Ruiz Ibañez et al.,
2010)

YES YES YES NO

3.5 Areas where fires have developed the
most

Fires in hospital settings represent a significant risk to the safety
of patients, employees, and visitors. Many studies have indicated
that specific areas, including operating rooms, intensive care units
(ICUs), neonatal intensive care units (NICUs), and hospital wards,
are more prone to such incidents (Table 7). Electrosurgical and
hemostatic equipment is in operating rooms. The accumulation
of medical equipment and cables and the administration of
supplemental oxygen to patients also endanger ICUs. Short circuits
or overloaded plugs can cause fires. Because of the fragility of
premature infants, fires can be hazardous in the case of NICUs.
In addition to the electrical hazard, heated incubators and cribs
increase the fire hazard. Patient rooms in inpatient areas are hotbeds
of fires for reasons similar to those in NICUs, such as faulty
medical equipment or overloaded electrical outlets. Accumulated
trash and dust in air ducts can also be flammable and spread
fire quickly.

3.6 Analysis of the search process and
selection of studies

The results are based on the PRISMA methodology, through
which the findings of various studies were analyzed and synthesized
with a focus on the prevention and mitigation of fire and explosion
risks in hospital environments from a biomedical engineering
perspective. The main objective of this study was to evaluate
the effectiveness of the strategies implemented to prevent and
reduce electrical and fire risks in hospitals, considering the
characteristics and limitations of the studies reviewed. Studies
dealing with hospital electrical failures and fires identified risk

management, biomedical equipment maintenance plans, and fire
prevention strategies. For this review, we included studies that
focused on preventing and mitigating electrical and fire hazards
in hospital settings, excluding those that did not focus on
these topics.

An assessment of the quality of the services was carried
out, considering aspects such as the methodology used, the
representativeness of the sample, and the accuracy of the results
obtained. The findings indicate that implementing a rigorous
maintenance plan and adequate training of medical personnel
can significantly reduce problems related to electrical failures in
medical equipment. Managing the risks associated with using
biomedical equipment during clinical procedures is crucial to
minimize the elements that threaten patients, operators, and
the environment. It also stresses the importance of establishing
comprehensive strategies to prevent severe fires since high
oxygen concentrations in medical environments can cause
severe fires.

Finally, it highlights the relevance of NFPA 99 standards,
which establish the standards of service or medical care systems
in hospital environments, considering the risk to patients, staff,
and visitors.

3.7 Analysis of the insurer and reinsurer
database in Peru

Throughout the analysis of the 35 fire incidents in different
healthcare facilities insured by an insurer and reinsurer in Peru
between 2021 and 2024, three leading causes were identified,
representing approximately 57% of the incidents, while the
remaining 43% were multi-causal. The leading causes identified
were improper use of electrical hemostatic equipment, incorrect
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TABLE 8 Frequency and cumulative frequency according to the cause.

Cause of fire Frequency Cumulative frequency

Improper use of electrical hemostatic equipment 9 9

Incorrectly adjusted power of the electrosurgical unit 7 16

Overheating of infusion pumps 4 20

Overheating of the multiparameter monitor 3 23

Electrical short circuits in X-ray equipment 3 26

Electrical insulation failure of bipolar coagulation devices 2 28

Mechanical fan overheating 2 30

Inadequate cleaning and maintenance of anesthesia equipment 1 31

Electrical short circuits in tomography equipment 1 32

Damage to internal wiring due to electrical overloads 1 33

Oxidizing gases in high concentrations from anesthesia equipment (Leak) 1 34

Electrical short-circuit in multiparameter monitor 1 35

TABLE 9 Percentage of fires accounted for by policyholders by year.

Year 2021 2022 2023 2024

Fires 17 15 3 0

Insured 138 85 76 207

Representation 12% 18% 4% 0%

power settings in electrosurgical units, and overheating infusion
pumps. Other factors contributing to the fires included overheating
of multiparameter monitors, short circuits in X-ray equipment,
electrical insulation failures in bipolar coagulation devices, and
overheating mechanical ventilators. These practices strengthen
safety against fire and explosion risks and ensure compliance
with international standards and regulations specific to the
healthcare sector (Table 8).

3.7.1 Annual variability of medical equipment fires
The percentage of medical equipment-related fires among

policyholders has shown significant variability over time. This
percentage stood at 12% in 2021. An increase of 18% was recorded
in 2022. However, the rate decreased significantly to 4% in 2023.
Finally, there were no such fires in 2024.

3.7.2 Evaluation of fire risk controls by senior
property risk experts

Four senior property risk experts were interviewed
to evaluate and validate proposed controls to minimize
fire risks.

This team included two industrial engineers fromAseguradora y
Reaseguradora del Perú and two mechanical engineers from service
providers, all with more than 10 years of experience in the sector.
Each expert was given a detailed questionnaire of four questions
for each of the 17 controls evaluated. The questions focused on
the following aspects: effectiveness, feasibility, impact, and cost
(Tables 9–13).

The rating given by the experts was high for all the controls
evaluated, indicating satisfactory validation:

The proposed controls were considered applicable by different
insurers in Peru and were suggested for adoption as new proposals
for insurers in Latin America and globally. Senior equity risk experts
successfully evaluated these 17 controls, with results demonstrating
their effectiveness, feasibility, positive impact, and manageable costs.
These controls represent a valuable tool for insurers in their
efforts to minimize fire risks, potentially benefiting the insurance
industry internationally.

A. Effectiveness

TABLE 10 Controls proved to be highly effective in minimizing
fire hazards.

Rating

Very low

Low

Medium 11

High (1–10) (12–17) (1–17) (1–17) (1–17)

Expert 1 Expert 2 Expert 3 Expert 4

Effectiveness
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B. Feasibility

TABLE 11 They were considered feasible for implementation in various
situations and environments.

Rating

Very low

Low

Medium (14–17) (12)
(14–16)

(14–15)
(17)

15

High (1–13) (1–11)
(13,17)

(1–13) (16) (1–14)
(16–17)

Expert 1 Expert 2 Expert 3 Expert 4

Feasibility

C. Impact

TABLE 12 Controls have a significant impact on fire risk reduction.

Rating

Very low

Low

Medium

High (1–17) (1–17) (1–17) (1–17)

Expert 1 Expert 2 Expert 3 Expert 4

Impact

D. Costs

TABLE 13 The associated costs are reasonable and justifiable,
considering the risk mitigation benefits.

Rating

Very low

Low

Medium (12) (15–17) (15–17) (15–17) 17

High (1–11) (13–14) (1–14) (1–14) (1–16)

Expert 1 Expert 2 Expert 3 Expert 4

Costs

4 Discussion

The research presented in this article highlights the crucial role
of biomedical engineering in mitigating fire and explosion hazards
in hospital environments. Biomedical engineers play a pivotal role

in applying their expertise to recognize, assess, and mitigate specific
risk factors in medical facilities. This approach builds on previous
studies such as “Risk Analysis and Safe Work Methodologies in
Hospital Operating Room Environments” (2018) (Castel Pérez and
Sánchez Álvarez, 2018) and “Design of a Methodology for Risk
Management Associated with the use of Biomedical Equipment
in Clinical Procedure at Hospital Francisco de Paula Santander,
2014,” both of which highlight the need for adaptive and rigorous
strategies for risk management in clinical settings (Palomino Marín,
2014). The recent patent on “Reducing the risk of oxygen-related
explosions inhospitalsduringCOVID-19 treatment” (2021) illustrates
the importance of adapting safety strategies in response of specific
and evolving emergencies (Wood et al., 2021). In addition, the
use of standards such as NFPA-99 and detailed studies on the
origins of hospital fires and prevention and protection strategies,
together with analyses of the leading causes of electrical failures in
critical hospital areas, provide a fundamental normative and empirical
frameworkfor the implementationofeffectivehospital safetymeasures
(Fernández Sánchez Taype, 2016; Romo Garrido, 2015; Lantarón-
Sánchez, 2013).

The results revealed several predominant hazards, including
combustible materials, ignition sources, inadequate environmental
conditions, electrical faults, and potential electrical sparks that could
trigger spontaneous ignitions.Thesefindings are consistentwith those
of previous studies such as Castel Pérez and Sánchez Álvarez (2018),
highlighting the importance of identifying and mitigating risks in
hospital surgical environments. The methodology proposed in this
study is alignedwith the recommendationsofPalomino Marín (2014),
who designed a method to manage risks linked to using biomedical
equipment in critical areas. Implementing customized preventive
measures, such as annual preventive maintenance and specific
protocols for sensitivemedical equipment,provedeffective inreducing
risks, similar to thefindingsofWoodetal. (2021) in themanagementof
oxygen-related risks in COVID-19 patients. In addition, the historical
incidence of hospital fires analyzed by Miralles Sangro and Durán
Escribano (2009) provided valuable insights into the evolution of
hospital safety practices (Cones, 2016). The integration of these
historical perspectives together with current regulatory standards,
such asNFPA-99 (2024), which establishes standards for protection in
healthcare environments, strengthens the practical recommendations
derived from this study (Fernández Sánchez Taype, 2016).

In this context, the case study conducted in the Peruvian
insurance and reinsurance company under investigation
complements the theoretical discussion by demonstrating the
effectiveness of the implementation of controls. A period before
the implementation of controls (2021–2022) showed a loss ratio
of 32 fires per 100 policyholders, while in the period after
the implementation of controls (2023–2024), 0 fires per 100
policyholders were recorded, as detailed in Table 6 of the loss ratio
percentage. These results highlight how implementing appropriate
preventive measures can significantly impact risk reduction and
the overall safety of hospital environments. Specific contributions
of this study include the development of risk controls adapted to
local conditions and the prominent involvement of biomedical
engineering in implementing innovative solutions. This increases
the protection of patients and hospital staff and lays a foundation for
future research in areas such as integrating emerging technologies
for more efficient risk management.
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4.1 Limitations

Limitations of the research considered in this review include
a predominant focus on precaution and mitigation of electrical
and fire hazards in hospitals without addressing other equally
relevant aspects, such as hospital infrastructure and ongoing
education and training in the proper use of medical equipment.
In addition, the representativeness of the samples may be limited
as many studies focused on specific hospitals or geographic
regions. The accuracy of the results varies according to the
methodology used and the quality of the data collected. Of note
is the global need for studies related to insurance and reinsurance
companies, which limits the comprehensive understanding of the
topic. There is a clear need for further research that focuses on
incorporating innovative technologies and the ongoing evaluation
of the effectiveness of recommended preventive measures. These
areas offer significant opportunities to expand our understanding
and improve hospital safety.

This discussion demonstrates that preventing and mitigating
electrical and fire hazards in hospitals is crucial to protecting
patients and employees. The findings of the studies discussed in
this discussion highlight the inadequacy of a strict maintenance
and training plan for medical personnel and the management of
risks related to using biomedical equipment and implementing
comprehensive fire prevention tactics. However, to ensure safety
in hospitals, the limitations of the studies need to be observed.
In summary, this study identifies and evaluates critical risks in
hospital environments from a technical and regulatory perspective
and proposes practical and customized solutions that can guide
future risk management initiatives in this crucial sector.

5 Conclusion

This study has considered analyzing 12 variables identified as
possible ignition sources. In addition, the risk of fires was evaluated
over several years in the hospital sector, which made it possible
to propose 17 specific controls to minimize these risks in different
medical facilities.The conclusions of this research on the prevention
and mitigation of fire and explosion risks in hospital environments
can be summarized as follows.

Studying hospital security is crucial to ensuring the safety and
protection of patients, medical staff, and visitors alike. Given the
complexity and dynamism of these environments, it is essential to
understand and adequately address the risks associated with fires
and explosions.

Hazard identification: Various elements that increase the risk
of fires and explosions in hospitals, such as flammable materials,
ignition sources, and inadequate environmental conditions, have
been detailed. A detailed understanding of these risks is essential to
implementing effective prevention and protection strategies.

Risk assessment: Qualitative and quantitative methods have
been developed to assess the risk of fires and explosions in hospital
environments. These methods are vital to identify the risks that
require priority attention and determine the appropriate strategies
to address them.

Prevention and protection measures: Various measures
have been implemented to reduce the likelihood of fires and

explosions in hospitals, including fire detection and extinguishing
systems, evacuation plans, and staff training programs. These
measures are essential to ensure safety in these critical
environments.

Biomedical engineering perspective: Biomedical engineering is
crucial in identifying, assessing, and mitigating fire and explosion
hazards in hospital environments. Biomedical engineers can create
innovative and practical solutions to optimize protection in these
complex spaces.

Remaining challenges: Despite advances, preventing and
mitigating fire and explosion risks in hospital settings remains a
significant challenge. Comprehensive and continuous approaches
are needed, considering accurate risk component typing,
developing effective assessment methods, and implementing
customized measures.

Study contribution: This research contributes significantly to
the insight and mitigation of fire and explosion risks in hospital
environments, provides a biomedical engineering perspective,
and proposes a predictive model based on specific regulations.
These contributions have the potential to generate innovative
and practical solutions to improve safety in these critical
environments.

This study highlights the importance of addressing fire and
explosion hazards in hospital environments from a comprehensive,
biomedical engineering-based perspective. It underlines the need
for further research and improvement of prevention and protection
measures in these critical environments to ensure a safe environment
for all occupants.

Limitation: However, the study’s limitation to a few hospitals
precludes broad generalization of the results.
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