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ABSTRACT

Background: Due to the nature of emergency medical services (EMS) and the rush to provide
emergency services, ambulance crashes (ACs) occur more frequently and more severely than
crashes related to vehicles with similar size and weight characteristics, disrupting the relief
process. This research was done to explain the experiences of emergency medical technicians
(EMTs) in ACs and provide solutions to prevent and mitigate these accidents.

Materials and Methods: This qualitative study used a framework analysis approach and a
purposeful sampling method. It involved conducting semi-structured interviews with 18 EMTs
who had experiences with ACs. The study utilized the Haddon matrix framework as the basic
framework. Data analysis and code extraction were carried out using MAXQDA software,
version 10. The codes were extracted using both deductive and inductive methods.

Results: According to the Haddon matrix framework, in the host part, factors include personnel
health, lack of skills, a staffing shortage, stress and fear, burnout and feeling unsupported. In
the agent part, factors include worn-out ambulances, a shortage of them, speed, lights-and-
siren use that stabilizes the vehicle, and delays in EMS. In the environment part, factors include
public expectations for response times, unsafe roads, unfamiliarity with the roads, inadequate
emergency service coverage and root cause analysis.

Conclusion: Generally, working in an ambulance can be hazardous. Implementing
educational, operational, and engineering strategies can significantly reduce the risk of harm to
EMS providers, patients and the public.
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Introduction

edical care management outside the

hospital is handled by prehospital emer-

gency medical services (PEMS). It is a

vital component of the healthcare sys-

tem, intended to respond to crashes and

time-sensitive illnesses. PEMS plays a
critical role as the first line of treatment for emergency
patients [1]. The system’s activities include answering
phone calls, dispatching to the scene, providing on-site
care by trained professionals and continuing care in a ve-
hicle, such as an ambulance [2].

Working in PEMS is one of the most challenging and
stressful situations within the healthcare system, and en-
suring the safety of patients and responders is the top
priority during PEMS care [3]. PEMS faces three main
challenges: Challenges in human resources (individual
characteristics of human resources and personnel’s dis-
satisfaction), challenges in an organization (structural
challenges, lack of equipment, and human resource
limitation) and sociocultural challenges (environmental-
social and cultural challenges) [4, 5].

The danger of ambulance transport is inherent. There is
ample evidence that the ambulance is a challenging work
environment with many risks for patients and EMTs [6].
EMTs must travel during daytime and nighttime hours
and encounter various hazardous weather, road, and traf-
fic conditions. Ambulance drivers frequently face stress-
ful situations as they travel at high speeds and in vehicles
with poor maneuverability [7].

One of the main challenges for EMTs is driving an
ambulance and crash caused by emergency services. It
is essential to investigate the crash prevention and care
services provided by EMTs in the PEMS and the chal-
lenges involved in improving safety services at the EMS
level. EMTs possess substantial knowledge in this field
and are well-informed about the associated challenges
[4]. AC, have always been among the challenges of the
health and treatment field for various reasons, including
the social burden of the crash, the possibility of morbid-
ity and mortality of patients, companions and EMTs, and
the high cost of rebuilding damaged ambulances [7].

AC_ can harm the PEMS. They may make ambulances
inoperable and reduce emergency capacity. They can
injure technicians and patients in the ambulance and
damage third parties. They can also incur costs, like
ambulance repairs and compensation for the injured [8].
According to the police report, about 1000 AC occurred
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in 2021. Encountering AC_ can create many problems
for the personnel involved, and up to 15% of these crash-
es can result in the deaths of EMTs, which are prevent-
able [9]. The potential for injuries to EMTs and delays in
patient care caused by AC_has caused global attention.
Ambulance delays pose a significant barrier to patients
receiving timely care and can worsen a patient’s condi-
tion. Traffic congestion has caused delays that have led
to the deaths of more than 20% of patients in need of
emergency treatment while on their way to a treatment
center [10]. AC, are four times more likely to cause fa-
talities than other types of crashes, according to research
[11]. The occupational fatality rate among EMS workers
in the US was estimated at 12.7 per 100000 workers per
year, compared with a national average of 5 per 100000
workers per year [12]. There are at least 6500 yearly
crashes because of inadequate vehicle performance stan-
dards, improper maintenance, variable operator training,
and failure to use safety restraints correctly [13].

Accurate data on AC, during operations in Iran has
not been recorded or published. In a study by Shakeri
and Ghanion, 46 AC_ were reported during 2012-2016.
Most AC, (35%) occurred in 2014. Of the 109 reported
injuries resulting from AC,, 42 cases (39%) and 13 cases
(25%) were related to the injuries and death of the am-
bulance driver and technician, respectively [14]. How-
ever, the National Medical Emergency Organization has
run programs like “defensive driving” training in recent
years. The effectiveness of such programs has not yet
been adequately proven [15].

The Haddon matrix approach was developed in the
1950s and utilized during the 1960s and 1970s. The
fundamental concept of systems theory is that incidents
happen when there is misalignment in the relationships
between the components of complex systems. This ap-
proach holds that all the components are equally crucial
for the road system’s successful operation. Systems theo-
ry aims to mitigate crashes by modifying the elements of
the transportation system. It emphasizes the importance
of road engineering and vehicle safety. As a crash pre-
vention theory, systems theory has been more successful
than other theories. In developed countries, crash rates
have been significantly reduced due to improvements in
road systems, traffic control, and vehicle design [16].

Iran has areas that are difficult to reach, rural roads
that are sometimes unsafe and a lack of enough ambu-
lances. The quality and timeliness of emergency medical
assistance are impacted by this situation, which creates
financial and psychological problems. EMTs’ experi-
ences during emergency operations were examined in a
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research study using the Haddon matrix framework. The
study aims to identify safety issues and propose solu-
tions to improve EMS and reduce adverse consequences.

Materials and Methods
Research design

A framework analysis approach was used in this quali-
tative study, which is a method for qualitative data analy-
sis [17]. This study used the basic framework derived
from the Haddon matrix approach. Systems theory pos-
its that crashes are caused by misalignments in the rela-
tionships between the components of a complex system.
According to this approach, for the successful operation
of the road, none of the components of the transportation
system (human, vehicle, and road) can be considered
more important than the other components [16].

Participants and data collection

The data were collected through in-depth and semi-
structured interviews. The research team developed the
interview questions with input from the literature and
then reviewed and modified them with feedback from
several experts. The main question was, “How was your
experience of a crash with an ambulance during an oper-
ation?” and specific questions followed. The participants
were EMTs with experience in at least one AC. The sam-
pling was purposeful and continued until data saturation.
A total of 18 interviews were conducted with EMTs,
lasting between 60 and 90 minutes each. The interviews
were recorded with the participants’ informed consent,
and a consent form was completed at their workplace.
The researchers immediately transcribed the recordings.

The inclusion criteria require willingness and consent
to participate in the study, possession of a B, or B, type
certificate, a minimum of 3 years of operational work
experience in PEMS, and participation in at least one AC
during emergency missions. The exclusion criteria also
include unwillingness to continue participating in the re-
search process.

Data analysis

The data were analyzed using the framework analy-
sis method with MAXQDA software, version 10. This
method combines the initial idea (deductive approach)
and experimental issues (inductive approach) in the anal-
ysis process. We used framework analysis to analyze the
responses to question 9. Framework analysis is a rigor-
ous five-stage method for analyzing qualitative data. The
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five stages are as follows: Familiarization with the re-
sponses by reading completed questionnaires, identify-
ing key themes in the responses (we also used predefined
issues focusing on benefits, problems, and study objec-
tives to develop the thematic framework), indexing that
involves copying all relevant participant quotes from the
questionnaires and placing them in a Word document un-
der relevant themes/subthemes identified by participant
number, charting that involves iteratively reviewing and
revising the initial framework (we abandoned initial ben-
efit/problem themes because participants viewed some
themes as either benefits or problems and reach an agree-
ment on a final four-theme framework that includes sub-
themes), mapping and interpretation that involves chart-
ing the themes with a summary of the main descriptive
comments and creating an explanatory account.

The authors can provide the index of all responses and
framework history upon request [17].

Rigor

The researchers spent enough time gaining a deep and
accurate understanding of the information to ensure the
accuracy of the data. Four criteria were used to assess
the validity and reliability of this study: Acceptability,
similarity, conformability, and transferability. To this
end, several experts reviewed and revised the interviews
and the codes and categories that emerged from them.
The credibility of the findings was also assured with
constant engagement with the subject matter. Qualitative
research experts reviewed and confirmed the interviews
and codes. The study’s methods were detailed so others
could verify and improve the findings. Two people, simi-
lar to the participants, confirmed the findings’ transfer-
ability. They were not participants [18].

Results
Demographic characteristics

All 18 study participants were male. It should be noted
that in Iran’s PEMS, EMTs are exclusively male [19]. The
participants’ age range was between 26 and 52. Additional
information about the participants can be found in Table 1.
Table 2 classified the findings into three main classes and
27 subclasses based on the Haddon matrix framework in
three phases: Before, during and after the crash.
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Table 1. Demographic characteristics of the participants
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P6  Male 30 B‘:‘j‘;hgerfé > B, 3 6 11 -1 - - Yes No
P7 Male 33 Technician B, 6 9 7 4 3 5 2 - Yes No
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P9 Male 42 Bfg‘g‘ig > B, 12 8 3 2 1 3 1 1 Yes No
P10 Male 40 Technician B, 7 7 3 1 - 2 1 - No No
P11 Male 30 B‘:‘j‘:‘g‘ifg s B, 3 7 1 -1 1 1 - No No
P12 Male 26 Technician B, 1 6 2 - 2 1 - - No No

Bachelor’s

P13 Male 33 degree B, 4 5 2 2 - 2 - - No No
P14  Male 48 Bzzhgerg > B 12 10 4 2 2 4 1 - Yes No
P15 Male 53 Technician B, 20 7 2 1 1 1 1 - Yes No
P16 Male 26 Technician B, 1 3 1 - 1 1 = - No No
P17 Male 31 Technician B, 6 3 2 2 - 2 1 - Yes No
P18 Male 27 Technician B 3 2 2 1 - 2 - - No No
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"Types of driving license in Iran: License B,, license B, (ambulance driving license), license B, (ambulance driving license).

Host (EMTs)
Before the crash took place

In the PEMS, each emergency base has an ambulance
staffed with two EMTs dispatched to assist in receiving the
mission from the dispatch unit. According to the work rules,
both EMTs must possess a special license to drive an am-
bulance (B, type) and one of them will be responsible for
driving the ambulance when dispatched to the scene.

Personnel health

Physical fitness and mental health are assessed at the
time of student admission to the emergency medicine
field. This evaluation is also required for employment
at PEMS [2]. Unfortunately, throughout the years of ser-
vice, such assessments have not been performed, and the
physical and mental well-being of the staff has not been
taken into account or evaluated.

Recruitment in the PEMS is done among university
graduates, and there are two stages of written and practi-
cal tests. Physical criteria include height, weight, body
mass index (BMI), physical fitness tests, mental tests,
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Table 2. Haddon matrix applied to the ACs
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Phase Before the Crash During the Crash After the Crash
Personnel health; lack of Carelessness and high-speed; . . .
Host (EMTs) knowledge and skills; staff increased stress and fear; Negative effects after the AC; feeling

Agent (ambulance)

shortage; work ethic

Worn-out ambulances;
ambulance shortage; improper
maintenance

employee burnout
High speed; lights-and-siren
use stabilizes the vehicle in
transit

Unfamiliarity with the roads

unsupported

Delay in providing EMS; lack of a standard
ambulance repair shop

and places; inadequate

Environment
(patient and road
conditions)

Public expectations for response
times; unsafe roads; incorrect
placement of EMS bases

coverage of emergency
services; agitated or violent
patients; adverse weather

conditions; road traffic; a

Availability of emergency responders (for
ambulance crash); failure to perform root
cause analysis

gathering of laypeople at the
scene of the crash

I3lealthin
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Abbreviations: ACs: Ambulance crashes; EMS: Emergency medical services; EMT: Emergency medical technician.

etc. The most crucial challenge in recruitment is the lack
of graduates, and a reduction follows this in the number
of applicants for employment [20].

“When EMTs are relieved from physical fitness re-
quirements due to recruitment, they may pay less atten-
tion to staying fit and agile. This condition can lead to
weight gain, reduced mobility and decreased agility and
reaction time during emergency operations. I have also
heard that some EMTs may turn to drug abuse, which
can reduce their concentration, accuracy, and decision-
making ability while driving and performing opera-
tions” (participant [P] 3).

Lack of knowledge and skills

EMTs lack knowledge and skill in two main areas. First
is the understanding of driving laws and regulations.
EMTs lack sufficient knowledge about driving rules and
regulations in the country, leading to non-compliance.
The laws regarding emergency vehicles include excep-
tions, leading to misunderstandings. This misunder-
standing may result in false confidence and potentially
cause crashes while driving.

“I didn’t have 100% knowledge of the traffic rules, and
I thought the ambulance was always right in an emergen-
cy, and you could go at any speed and in any direction.
However, it was not like that. The traffic rules change
over time, and we don’t always have enough information
about them, so sometimes this lack of knowledge leads
us to not comply with them” (P9).

Most of Iran’s PEMS workforce is young. Most recruits
are between 22 and 25. Some employees lack driving ex-
perience and do not possess a driver’s license. In Iran, in-
dividuals can obtain a driver’s license at 18, so even those
with permits have limited driving experience. While hav-
ing a driver’s license is a requirement for employment at
PEMS, in recent years, due to personnel shortages, EMTs
without a permit have been hired with the expectation that
they obtain one within a specified period. Consequently,
many young EMTs have their first driving experience
while operating an ambulance and thus may lack suffi-
cient driving skills. Given the unique challenges of driv-
ing an ambulance in emergencies and the drivers’ lack of
experience, the risk of crashes is heightened.

“Many of us in the EMS lack experience driving ambu-
lances. When we start working in the EMS, we often drive
an ambulance for the first time, which presents its chal-
lenges. Ambulances are larger than our vehicles, making
driving and parking more difficult. While having a driv-
er’s license is a requirement, gaining driving experience
and skills is crucial for effective rescue operations” (P4).

The primary responsibility of the PEMS is to main-
tain the ambulances, which are essential for carrying out
missions. A lack of knowledge about an ambulance’s
technical aspects can cause it to fail to meet required
standards during missions. This condition may lead to
crashes due to technical defects. Inadequate driving
skills for ambulance operations are a significant factor
in these crashes. PEMS in Iran uses only Mercedes-
Benz Sprinter ambulances, and as a result, many EMTs,
especially new personnel, lack the necessary skills to
operate these ambulances.
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“Driving an ambulance requires a high level of skill that
not everyone has. Ambulances differ from regular cars
and have a higher roof, making driving more challeng-
ing, especially at high speeds. Additionally, ambulances
are not regularly available, and driving them typically re-
quires working shifts to gain the necessary skills” (P6).

Staff shortage

One of the significant issues affecting the country’s
PEMS is the shortage of EMTs, which has been a long-
standing problem. Individuals with associate’s and bach-
elor’s degrees can enroll in PEMS training programs in
Iran. However, the academic infrastructure for PEMS
has not kept pace with its rapid development, resulting
in a scarcity of specialized professionals in this field. The
shortage of personnel has led to longer working hours,
causing fatigue and job burnout and subsequently in-
creasing the risk of crashes. Since resilience helps pre-
vent job burnout, we should hire more resilient staff in
this field [21]. Additionally, there is a shortage of EMTs
holding a B -type ambulance driver’s license. This short-
age has led to hiring emergency medical degree holders
without ambulance driver’s licenses, forcing licensed
technicians to drive during missions, leading to fatigue
and reduced focus, thereby increasing the risk of crashes.

“Every day, we face a staff shortage in the prehospital
setting. This condition makes us even more concerned
because forced overtime exhausts us and decreases our
concentration. We find it difficult to focus as our thoughts
revolve around being away from our families” (P2).

Work ethics

The lack of responsibility for the assigned duties has
led to negligence in maintaining the ambulances. As a
result, the useful life of these vehicles in the PEMS is
shortened, and the ambulances do not perform efficient-
ly during operations.

“Our colleagues usually do not take good care of ambu-
lances. They take much better care of their cars because
they have to pay for not taking care of them, but the gov-
ernment pays for the cost of the ambulances” (P10).

During the crash
Carelessness and high-speed

Time plays a crucial role in delivering PEMS. Prompt
provision of medical assistance is essential, especially
during the “golden time.” However, some EMTs may
feel compelled to compensate for lost time by speeding
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and driving under unsafe conditions. One significant con-
tributing factor to ambulance speeding and the increased
risk of crashes is the dispatch unit’s announcement of
emergency conditions for critical patients (Code: 10-33).
Moreover, providing or receiving incorrect addresses for
the assistance location adds to the pressure and stress ex-
perienced by EMTs.

“The role of the dispatch and operations unit is crucial.
However, the use of the 10-33 code by the dispatch unit
caused significant stress, which is not appropriate” (P6).

“The dispatch unit plays a crucial role. For instance,
sending you to an area outside your range can make you
nervous and lead to a crash. It’s important to follow the
10-33 code and move faster, but going too far can also
create conditions for a crash. Additionally, if the dispatch
provides the wrong address, it can confuse you and lead
to driving errors such as crossing the road multiple times,
reducing your concentration while driving” (P18).

Stress and fear

EMTs’ primary fears include arriving late, potential
arguments and conflicts with patients and their fami-
lies, and unfamiliar environments. Those with a history
of crashes also fear another crash, injuring themselves,
their colleagues, and the patient and being questioned by
the organization.

“Increased fear and stress raise the probability of a crash.
Error rates rise, and performance deteriorates, making it
difficult to manage the crash scene. Work efficiency de-
creases, and normal control is lost. Mental conflict and
signs of impatience arise, leading to aggressive reactions
to even insignificant matters. This condition could esca-
late to conflicts with colleagues or patients” (P5).

Employee burnout

EMTs face stressful environments such as crash scenes
with multiple injured and critical patients and increasing
shifts without enough rest, which are very challenging to
work in PEMS. Job stress can directly affect the emotional
exhaustion, depersonalization, and personal inadequacy
of PEMS workers and generally cause burnout [22].

“Our work is extremely demanding and sensitive. The
increase in work shifts, driven by financial and eco-
nomic needs, disrupts our sleep patterns and keeps us
away from our families. All these factors contribute to
our physical and mental exhaustion, leading us to lose
our motivation to work gradually” (P11).
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After the crash
Negative effects after the crash

Operational forces with a history of acute care suffer
short- and long-term complications after a crash. They
lose their confidence in driving and may not want to
drive anymore, or they may drive at low speeds with
excessive caution, causing delays and disruptions in
the delivery of assistance. Posttraumatic stress disorder
(PTSD) is one of the long-term complications that EMTs
suffer from, especially in crashes involving injury and
mortality, which can significantly affect their perfor-
mance. Stigma from colleagues and the organization is
also a significant factor contributing to the mental and
emotional challenges faced by EMTs. The feeling of fail-
ure and self-blame intensifies among EMTs, leading to
a loss of trust and reduced work efficiency, impacting
their self-confidence, trust in the higher-level system,
colleagues, and public trust in the PEMS.

“After the crash, I noticed a significant decrease in my
performance. I had trouble concentrating and dwelling
on the crash for extended periods. The fact that someone
died in the crash left me feeling depressed and caused me
to lose my appetite for quite some time. I struggled with
low motivation at work and often blamed myself for
what had happened. As a result, I became more cautious,
driving slower and losing my sense of urgency. I was
constantly vigilant, fearing another mishap. The incident
stressed me and caused me to withdraw from friends, oc-
casionally taking days or months off from work to col-
lect myself” (P8).

“How your colleagues view your changes, and they
label you as reckless and dangerous within the system,
is very frustrating. This condition also impacts your per-
sonal life. You are no longer patient with other tasks and
get upset about the next operation, sometimes even with
yourself. The severe stress leads to digestive problems
and vomiting, making it impossible for you to serve the
patients effectively” (P14).

Feeling unsupported

After responding to a medical emergency, EMTs have
expressed concerns about the lack of financial and psy-
chological support from both the authorities and the or-
ganization. They are also facing an increased workload
due to having to cover some of the costs of repairing and
rebuilding the ambulance and insufficient insurance cov-
erage for ambulances.

July 2025, Volume 10, Number 4

“The organization does not provide much support. It
looks for the culprit but does not offer mental, physical,
or financial assistance. It fails to address the root cause of
the issue and does not try to prepare you for future work
days. There is no plan in place, and there is no committee
to address the important causes of the issue or provide
solutions. Additionally, the organization does not offer
access to a psychologist or take preventive measures to
avoid similar incidents in the future” (P4).

Agent (ambulance)
Before the crash took place
Worn-out ambulances

The country’s ambulance system is in poor condition.
Due to economic sanctions, new and updated ambulanc-
es have not been imported for many years. As a result,
existing ambulances are being overused and do not meet
emergency system standards. Most ambulances in the
country are not domestically manufactured (Mercedes-
Benz Sprinter), resulting in limited service centers and
guarantees. This condition makes finding original auto
spare parts challenging, leading to technical defects. The
use of fake auto spare parts increases the risk of crashes.

“The country’s ambulance system is aging, with most
ambulances being in service for over 15 to 20 years, well
beyond their intended lifespan. It’s becoming increas-
ingly challenging to find original spare parts, leading to
the use of second-hand or non-original parts, which in
turn lead to additional issues” (P13).

Ambulance shortage

The lack of new ambulances in the PEMS has led to a
persistent shortage of vehicles, resulting in the overuse of
existing ones. Ambulances are not allocated based on re-
gional geography and climate conditions, leading to inef-
ficiencies in cold and inaccessible areas. In urban settings,
the size of ambulances can cause delays in providing
aid, especially in older parts of the city. Additionally, the
outdated ambulances lack modern features such as GPS,
making it challenging to locate the assistance site.

“There has always been a shortage of ambulances. No
new ambulances are available whenever a new emer-
gency base is set up, so they must refurbish the existing
ones and put them into service. Operating these ambu-
lances in winter is extremely challenging, especially in
the city’s narrow streets. The ambulances are unsuitable
for such conditions” (P3).
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Improper maintenance

Every vehicle requires regular checks and servicing
to be ready for operation. However, an ambulance is a
rescue vehicle and must always be prepared. One of the
primary responsibilities of EMTs is to ensure the ambu-
lance is operating correctly at the start of each shift, and
this daily check should be documented.

During the crash

Speed and lights-and-siren use the stability of the
vehicle in transit

Emergency providers often drive high-speed ambu-
lances to reach sites quickly. This condition is especially
true when a command or emergency (Code: 10-33) is
issued from the dispatch center to allow the ambulance
to pass through using lights and sirens. However, it is
essential to note that this can also increase stress and
distress for the driver, patient, patient’s companions, and
other citizens.

“The new ambulances have good acceleration and
speed. When the lights and sirens are on, the EMTs may
experience increased stress and false confidence. This
condition can lead to the belief that everyone is obligated
to yield, allowing the ambulance to maneuver as needed,
increasing the chance of a collision” (P8).

After the crash
Delay in providing EMS

A crash during the rescue operation causes interference
and delays, which can result in injuries to the EMTs,
patients, and their companions. Additionally, the am-
bulance is taken out of service after a crash. Due to the
severe shortage of ambulances, replacing them becomes
more challenging. Sometimes, EMTs are unfamiliar with
the replacement ambulance, increasing the probability of
errors or crashes.

Lack of standard ambulance repair shop

After a crash, the top priorities are to repair and recon-
struct the ambulance so it can return to service quickly.
A major challenge after a crash is the lack of authorized
repair shops and auto parts. Non-standard repairs signifi-
cantly raise the risk of future crashes.

“Ambulances have often been involved in crashes, and
while air conditioning issues are sometimes unavoidable,
they are not always fully repaired. Instead, they are rushed
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into service, meaning you could drive a vehicle with tech-
nical defects and non-original auto spare parts” (P5).

Environment (the route and location of the help
requestor)

Before the crash took place

Unsafe roads and incorrect placement of emer-
gency bases

Driving on non-standard roads, especially without
warning signs, increases crash risks for EMTs. Improper
site selection and establishing emergency bases in inci-
dent-prone areas can lead to longer travel distances to
reach the scene of an emergency, increasing the prob-
ability of crashes on non-standard roads and delaying the
time it takes to assist.

“The construction of the emergency base is done in the
most distant and inappropriate place, so it takes a long
time for the operation unit to enter urban or rural areas.
This late arrival at the crash scene angered and caused
complaints among the patient and his companions” (P4).

During the crash
Unfamiliarity with the route and place

The shortage of staff and frequent movement of EMTs
between bases has made them unfamiliar with the area
and the best routes for seeking help. The lack of online
routing tools has made their work harder. Callers often
provide incorrect or incomplete addresses in emergen-
cies due to high stress. Also, animals on roads, especially
in forests and rural areas, raise crash risks.

Inadequate coverage of EMS

Despite introducing the PEMS (portable emission mea-
surement system) in the country, many areas and roads
are still not adequately covered by the PEMS. This con-
dition has led to delays in providing aid, increased burn-
out, and longer driving distances for the EMTs.

“Driving with an incorrect address, frequent stops to
check the map, and many road crossings contribute to
reduced focus on the road. Unfamiliarity with the area
means not knowing alternate routes with less traffic, and
longer routes increase travel time, potentially leading to
crashes” (P17).
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Agitated or violent patients, adverse weather con-
ditions, road traffic, laypeople’s

The patient’s critical condition and their companions’
pressure can stress EMTs. This condition may cause
them to speed in the ambulance. Weather conditions,
road traffic, and bystanders gathering at the crash scene
can also affect the relief effort. When a patient is in criti-
cal condition, the patient’s companions may urge the
driver to go faster. The dispatcher unit also announces
the critical situation, which may increase speed. Also,
consider weather, slippery roads, heavy traffic (especial-
ly during school closures), bystanders at the crash scene,
disruptions to treatment, and the risk of another crash.

After the crash

Availability of PEMS responders for AC and fail-
ure to perform root cause analysis

After a crash, an alternative ambulance must be avail-
able for relief operations. This is to minimize patients’
wait time in any situation. By analyzing the causes
of these crashes, we can reduce their frequency. We
should examine three areas: Personnel, vehicles and
the environment.

“Unfortunately, air crashes always happen and are in-
evitable. However, their causes have never been scien-
tifically and fundamentally investigated in our country,
and written instructions have not been developed for air
crashes. Unfortunately, the rate of such crashes is also
increasing” (P11).

Discussion

The Haddon matrix has three key components that in-
fluence a crash. They are the host, agent, and the physi-
cal and social environment. Host refers to the individual
or individuals at risk, such as EMTs or the patient. The
agent refers to the energy applied during an injury, in this
case, the ambulance. The physical environment refers to
the injury site. It includes road design maintenance and
ambulance design. The social environment refers to so-
cial, legal, and cultural norms and practices. The second
dimension of the Haddon matrix shows the timing of
factors that contribute to the event’s occurrence: Before
the crash, crash, and after the crash [23]. In Haddon’s
injury matrix, EMTs serve as hosts, allowing us to ex-
amine various aspects of injuries that occur in the am-
bulance during patient care and transport. According to
the results, essential host factors that contribute to the
safety and reduction of adverse events include person-
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nel health, lack of knowledge and skills, human resource
shortages, work ethic, carelessness, high speed, stress
and fear, burnout, negative effects after the incident, and
feeling unsupported. In the study by Brice et al., essen-
tial host factors that contribute to ambulance safety in-
clude physical fitness, sleepiness, education, knowledge,
skills, and capabilities [5].

The skill of the EMS driver plays a crucial role in en-
suring the safety of both the vehicle occupants and the
patient’s medical outcome. The data showed that 78%
of study participants had a history of crashes. Custalow
and Gravitz’s study found that ambulance drivers in
crashes often had prior crashes. Forty-nine percent of
the EMS providers had previous crashes [24]. EMS pro-
viders in good physical condition can deliver EMS to
patients more quickly and effectively. The prevalence of
substance abuse among EMS providers is not well docu-
mented, but it is believed to be as high as 40% in other
emergency response professions [25].

The shortage of EMTs in the field of PEMS has led to
increased workload and fatigue among these EMS pro-
viders, eventually resulting in job burnout. EMS provid-
ers frequently work 12-hour or 24-hour shifts with limit-
ed opportunities for meals or rest, leading to fatigue and
adverse side effects. It has been discovered that extended
working hours result in more medical errors and adverse
side effects [26]. Moshtagh Eshgh et al. examined the
occupational stress of PEMS personnel in Iran. The re-
sults showed that PEMS personnel’s work stress caused
burnout. It led to emotional exhaustion, depersonaliza-
tion, and feelings of inadequacy. Addressing the sources
of stress and implementing measures to manage it, such
as enacting productivity promotion laws and providing
training sessions to mitigate job stress, offering job sup-
port to employees, and involving them in decision-mak-
ing processes, fosters optimal communication between
supervisors and employees. Generally, organizations
that empower their employees with decision-making au-
thority tend to experience lower stress levels, ultimately
reducing burnout among emergency providers [22].

In PEMS, there are several issues regarding ambulance
operations. These issues include the aging of the national
ambulance fleet, a shortage of ambulances, inadequate
maintenance, ambulance speed, the use of sirens and
lights, delayed EMS response, and a lack of standard am-
bulance service centers and repair facilities. In Iran, recent
economic sanctions have led to challenges in importing
new and updated ambulances, resulting in an extended
lifespan for existing ambulances, with some being used
for over 15 years. Additionally, these sanctions have hin-
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dered the official agency responsible for managing ambu-
lances in the country, leading to non-standardized service
and repair processes at alternative centers.

Various vehicle characteristics influence ambulance
safety, and ambulances must be highly visible to driv-
ers and pedestrians to prevent crashes during emergency
operations. For instance, it has been proposed that high-
visibility green or yellow are better at catching attention
than commonly used colors like red or orange. However,
this suggestion is not universally followed, and many
EMS systems use colors that are not easily visible at
night and do not uniquely distinguish ambulances [27].
Implementing provisions that allow EMS providers in
the rear compartment to remain stationary and seated
for extended periods can significantly reduce equipment
falls and subsequent injuries. For instance, automatic
chest compression devices, mechanical ventilators, or
the use of technology to enable hands-free electronic ra-
dio communication between the front and rear cabs of
the ambulance are potential current solutions that could
allow EMS providers to remain seated and restrained.
However, these technologies may be expensive and not
cost-effective for many PEMS [5].

Response time serves as a performance criterion for
PEMS. Using speed as a measure of quality lacks mean-
ing. Ambulance emergency responses, which may in-
volve high speed, lights and sirens, could increase the
risk of being involved in crashes [23]. EMS providers
should be permitted to use lights and sirens with cau-
tion. To do this safely, accurate and correct information
must be transmitted from the dispatch unit to the opera-
tion unit [5]. Driving speed plays a crucial role in road
safety, as the risk of road crashes generally increases
with higher speeds [28]. Speed can stress patients, staff,
and drivers, leading to unsafe vehicle operations, espe-
cially among untrained drivers [29]. There is a global
debate about the pros and cons of driving ambulances at
high speeds. Many studies indicate that the time saved
during emergency driving is minimal compared to non-
emergency driving. On average, only 1 to 4 minutes are
saved in urban and rural areas [30].

According to the study results in the field of envi-
ronmental factors (patient and road conditions), the
following are identified as significant factors: Public
expectations for response time, unsafe roads, incorrect
placement of emergency bases, unfamiliarity with the
road and place, inadequate coverage of emergency ser-
vices, agitated or violent patients, weather conditions,
traffic, laypeople, availability of emergency responders,
and investigation of the root causes of crashes. Physi-
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cal environmental factors contribute to an ambulance’s
safety, including driving speed, weather, and road con-
ditions. Ambulances must be on the road in various
weather conditions during daytime and nighttime hours.
When approaching emergency scenes, ambulances often
encounter numerous distractions, such as other respond-
ers, traffic, and bystanders [5, 31].

Ray and Kupas et al. compared 311 rural AC_ and 1434
urban crashes. Rural AC_ are more common on snowy
roads (13% vs 5%) and night without streetlights (25%
vs 4%). Researchers observed that driver error causes
most crashes (75% for rural areas, 93% for urban areas),
with vehicle or environmental conditions impacting ru-
ral drivers (25% vs 7%). Injury severity was similar for
both crash types, although rural crashes more often in-
volved no injuries (33% vs 20%). Additionally, alcohol
and/or drug use by drivers was rare, <1% [32].

Among the limitations of this study, the working condi-
tions of PEMS were such that it was possible that they
would be called to perform a mission at any time; there-
fore, sometimes the interviews were left half-finished.
To solve this issue, the interview appointment was coor-
dinated with the participants during their free and non-
working hours, even if possible. Another limitation is
the lack of a statistical system for accurate registration
of AC_ and the fact that sometimes minor crashes are not
reported by the staff due to the fear of stigma, so exact
statistics on the incidence of AC_ during operations in the
country are not available.

Conclusion

EMTs face a dangerous and challenging work environ-
ment in an ambulance while providing emergency care
to patients. Numerous research studies have shown that
crashes are common. It is essential to establish standard
guidelines requiring EMS providers to have basic driv-
ing skills before beginning work. It should be noted that
driving, like other cognitive and psychomotor skills,
requires continuous and dynamic retraining and evalu-
ation. Individuals in a previous crash are particularly at
risk of a second crash. It is crucial to retrain drivers after
a collision to emphasize safety standards. To reduce and
prevent AC,, it is necessary to change protocols and reg-
ulations throughout the chain of care, especially related
to ambulance operations, to reduce the speed limit. Am-
bulance drivers must understand the risks and benefits
of rapid emergency transport to ensure the speed limit is
followed. A slower ambulance speed does not affect the
outcome of most patients except in critical cases because
driving at higher speeds does not significantly reduce
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transport times. Considering the nature of PEMS work,
AC is likely to be involved in this profession. Therefore,
it is recommended that a committee be formed to investi-
gate such crashes. This committee will provide material
and psychological support to the personnel involved in
the crash and conduct a “root cause analysis” for each
AC, to fundamentally examine the causes and provide
necessary measures to eliminate the contributing factors.
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