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ABSTRACT

Background: A scoping review was conducted to map out
the common research focusses on ambulance accidents,
their key findings and some of the major knowledge gaps in
this area.

Materials and Methods: Relevant, peer-reviewed, English-
language articles on land ambulance accidents were
independently searched by the authors using the MEDLINE
and CINAHL databases. Anecdotal reports, testimonies and
stories in trade or popular magazines and other grey
literature were excluded. Articles that do not directly
address ambulance accidents were also excluded.
Additional articles were identified from the reference lists of
the selected articles and from Google search engine.

Results: From an initial yield of 879 articles, 19 articles were
included. Most of these articles were published from 2001 —
2005 (5 articles, 26.3%) and 2006 — 2010 (5 articles, 26.3%).
Eighteen articles (78.3%) are original articles (18 articles,
78.3%) and another one article is a review article. Most of
these articles focused on (1) the types of collisions and (2)
the risk factors of ambulance accidents. Nine risk factors
were identified to have contributed to ambulance accidents:
(1) driving in urban areas (2) driving on dry road (3) the use
of lights & sirens (4) the failure to use restraints (5) driving
for emergency use (6) back seating (7) at road intersection
(8) driver’'s previous records of accidents and (9) inter-
facility transfer. The two most common risk factors studied
were (1) the use of lights & sirens and (2) driving at
intersection.

Conclusions: Most of the above risk factors can be mapped
into three categories of risk factors: task-related factors,
vehicle-related factors and environment-related factors. The
category of risk factors least studied is the category of
driver-related factors.
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INTRODUCTION

To achieve quick responses to and from an incident site,
ambulances often have to travel at high-speed using lights
and sirens (L&S). Unfortunately, high-speed travel and L&S
use increases the risk of ambulance accidents.”* Inevitably,
this problem must be viewed with utmost seriousness as

ambulance is a dedicated vehicle that is supposed to arrest
the progression of the illnesses or injuries of patients and to
deliver them safely into the healing hands of healthcare
providers in hospitals.

Although ambulance accidents can be of grave
consequences, there is a paucity of a literature review to
systematically analyze prior studies on ambulance accidents.
We embarked on a scoping review on peer-reviewed
publications related to ambulance accidents. The main
purpose of this review is to broadly map out the key research
findings on ambulance accidents.®” To conduct this review,
the methodological framework by Arksey and O’Malley was
adopted.® Specifically, the objectives of this review were to
identify (1) the common research focusses that have been
conducted in the area of ambulance accidents; (2) key
findings or trends reported in these studies; (3) major
knowledge gaps that could be addressed in future research on
ambulance accidents.

MATERIALS AND METHODS

Procedure

The procedure used in this scoping review was based on the
5-step framework by Arksey and O’Malley.® These five steps
are: (1) defining our research objectives or research questions;
(2) identifying the relevant studies; (3) selecting studies to be
included based on our inclusion and exclusion criteria; (4)
charting and interpreting the data and (5) collating,
summarizing, synthesizing and reporting the results.

Eligibility criteria

Only peer-reviewed articles focusing on land ambulance
accidents that were published in academic journals were
included in this review. Articles such as anecdotal reports,
testimonies and stories published in trade or popular
magazines as well as in other grey literature were excluded.
Articles describing aspects of ambulance safety but do not
directly address ambulance accidents; or where the main
focus of the articles are not on ambulance accidents, were
also excluded. Articles that merely describe air ambulance
accidents (but not on land ambulances) were excluded as
well. Only English-language articles were included. We did
not set a limit on the publication period of our literature
search. Search strategy was conducted using the
methodology described by Aromataris & Riitano.® The
keywords and Boolean operators used included the following
phrases: ambulance AND crash*, ambulance AND accident*,
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ambulance AND collision*, emergency vehicle AND crash*,
emergency vehicle AND accident* and emergency vehicle
AND collision*. The search was conducted using the National
Library of Medicine (NLM) MEDLINE database via PubMed
search engine and the Cumulative Index of Nursing and
Allied Health Literature (CINAHL) database via EBSCOhost
search engine. All study designs — quantitative, qualitative
and mixed triangulated studies - were included. The
reporting was done in compliance with the Preferred
Reporting Items for Systematic reviews and Meta-analysis
extension for Scoping Reviews (PRISMA-ScR) guideline.’

Following the initial generation of records found in MEDLINE
and CINAHL databases, titles and abstracts were screened for
potentially eligible articles. Both authors (KSC and MYL)
independently screened the eligibility of these potential
articles. If there was any disagreement between the authors,
the authors discussed this together in an attempt to reach a
consensus; failure of which, an independent third reviewer
would be called in to resolve the disagreement. Additional
relevant articles were identified by the authors from the
reference lists of the selected articles. All eligible articles
identified and agreed upon by both authors were then
charted using the PRISMA flow diagram for scoping review
process.

Quantitative and qualitative synthesis of the studies were
then conducted. For quantitative synthesis, data on countries
of origin (where the articles came from), types of articles (i.e.,
original research, case series, editorial, mortality report,
review article, etc.), the journals where the articles were
published, the year of publication as well as the objectives
and key findings of the articles were extracted. For qualitative
synthesis, the full texts of the identified articles were coded
using thematic content analysis by labelling the keywords
and phrases. After the initial open coding, a second axial
coding was performed by re-analyzing these open codes to
identify major trends and findings related to ambulance
accidents.

RESULTS

The initial literature research yielded 870 articles, with an
additional 9 articles obtained via manual search for relevant
references within the reference lists as well as from Google
search engine. Out of these 879 articles, 31 articles were first
removed as these were duplicates. After removing another
789 irrelevant articles and an additional 30 articles that did
not fulfill the eligibility criteria of this scoping review (i.e., not
peer-reviewed articles published in academic journals), we
were left with 29 potentially eligible articles. Another 10
articles were mutually agreed to be removed as they did not
directly address ambulance accidents. Eventually, 19 full text
articles were identified for inclusion in this review. The
PRISMA flow diagram is shown in Figure 1.

Most of these articles were published during the decade from
2001 - 2010, i.e., from the year 2001 — 2005 (5 articles,
26.3%)**'*> and from year 2006 — 2010 (5 articles, 26.3%).*'*
'* Eighteen articles (78.3%) are original articles (18 articles,
78.3%)1015173 and another one article is a review article.15
Majority of the articles that we analyzed originated from the
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United States of America (15 out of 19 articles, 78.9%). In
brief, most of these articles focused on two key trends of
research: (1) the types of collisions and (2) the risk factors of
ambulance accidents. The detailed study characteristics of
these articles is given in Table I.

1. Types of collisions

Compared to non-ambulance vehicles, ambulances were
significantly more likely to be involved in four-way
intersection crashes, angled collisions and collisions at traffic
signals.” This was particularly true in an urban setting, as
opposed to a rural setting.” Similarly, Sanddal et al reported
that ambulance accidents in an urban setting was more
likely to have occurred at intersections whereas accidents in a
rural setting was more likely to be due to non-intersection
rollover collisions.* Weiss et al reported that rural ambulance
accidents were more likely to be front collisions type whereas
urban ambulance accidents were more likely to be rear
collisions type."

2. Risk factors of ambulance accidents

Urban versus rural settings

According to Weiss et al, although there were more
ambulance accidents in an urban setting compared to a rural
setting, the severity of injury in rural accidents were greater
than those in urban accidents. This trend of higher
incidence of accidents in urban setting compared to rural
setting was similarly reported by Sanddal et al,* Chiu et al*
and Missikpode et al.” In the Turkish study by Eksi et al,”
although the authors did not detect significant differences in
the overall accident rates in rural versus urban setting, the
likelihood of accidents that would result in injuries was
significantly higher in rural setting than in urban setting (p
< 0.05). This was in contrast with Ray et al”® who reported
that urban accidents were more likely to result in injuries
compared to rural accidents. Ray et al also found that there
was no significant difference in term of the severity of injuries
sustained in rural versus urban settings.

Road conditions: Dry road versus wet road

Ironically, out of the 6 articles that examined the association
between road conditions and ambulance accidents, 5 articles
reported that more accidents occurred on dry road condition
than on wet road condition.’***'® The only article that
reported no significant difference was Missikpode et al.*

Using L&S vs not using L&S

The use of L&S to save travel time is arguably one of the most
extensively researched factors of ambulance response.15 L&S
use had been shown to increase (1) the total number of
ambulance accidents*** and (2) the risk of injuries in
ambulance accidents.*”

Watanabe et al categorized ambulance accidents into 2
phases, i.e., (1) “response to the scene” and (2) “transport
from the scene” phase.5 In both phases, the rates of
ambulance accidents were significantly higher when L&S was
used. Specifically, in the “response to the scene” phase, the
accident rate was 5.4 per 100,000 trips with L&S use vs 4.6 per
100,000 trips without L&S use (adjusted odds ratio of 1.5;
95% CI 1.2 to 1.9). In the “transport from the scene” phase,
the accident rate was 17.1 of 100,000 trips with L&S use
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Table I: Study Characteristics of the Identified Studies

Study characteristics (N = 19) Count (%) References
Publication years
1986 — 1990 1(5.3) 17
1991 - 1995 2 (10.5) 1,18
1996 — 2000 1(5.3) 19
2001 - 2005 5 (26.3) 2,3,10-12
2006 — 2010 5 (26.3) 4,13-16
2011 - 2015 2 (10.5) 20-21
2016 — 2020 3(15.8) 5,22-23
Country of origin
United States 15 (78.9) 1-5, 10-13, 15-17-19, 23
Turkey 2 (10.5) 20-21
United Kingdom 1(5.3) 14
Taiwan 1(5.3) 22
Types of articles
Original article 18 (94.7) 1-5, 10-14, 16-17-23
Review article 1(5.3) 15
Journals
Prehosp Disaster Med 4(21.1) 1, 16, 18-19
Perhosp Emerg Care 5 (26.3) 2-3,12-13, 15
Ann Emerg Med 1(5.3) 5
Accid Anal Prev 2 (10.5) 11,23
Emerg Med J 1(5.3) 14
Am J Emerg Med 1(5.3) 10
JAMA 1(5.3) 17
J Forensic Leg Med 1(5.3) 20
Emerg Med Int 1(5.3) 4
J Formos Med Assoc 1(5.3) 22
Turk J Emerg Med 1(5.3) 21
Risk factors for ambulance accidents
Urban vs Rural settings 4,10, 13, 21-23
Dry road vs wet road 1,3,10, 13, 18, 23
Using light & sirens vs not using light & sirens 1, 3-5, 15, 17
Restrained vs unrestrained passengers 10-11, 17
Emergency use vs non-emergency use 2, 11,18, 23
Front seat passenger vs back seat passenger 2, 11
At intersection vs not at intersection 2-4, 10, 12-13, 17-18, 22
Previous records of accidents vs no previous records of accidents 2, 11,18, 23
Inter-facilities transfer vs primary response to site 20

versus 7.0 of 100,000 trips without L&S use (adjusted odds
ratio 2.9; 95% CI 2.2 to 3.9).

Restrained vs unrestrained passengers

According to Auerbach et al”, the failure to use restraint is
the most important factor associated with injuries in
ambulance accidents (relative risk is 0.098 when restraint
was used compared to when it was not used; p = 0.007)." This
risk of accidents with injuries among unrestrained passengers
was even more significant in a rural setting compared to an
urban setting.” Restrained passengers were significantly less
likely to suffer death or seriously injured than unrestrained
passengers.'!

Emergency use vs non-emergency use of ambulances
With regards to the use of ambulance for emergency purposes
(as opposed to, for non-emergency purposes), the results are
equivocal: 2 studies reported that emergency use increased
the risk of ambulance accidents*'® whilst another 2 studies did
not increase the risk of ambulance accidents."* In fact,
Becker et al reported that, ironically, non-emergency uses
appeared to be more likely than emergency use to result in
fatal accidents (relative risk ratio = 2.62; p< 0.05) or in severe
injuries (relative risk ratio = 1.69; p< 0.0001)."
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Types of seating: Front seat passenger vs back seat passenger
Two articles described the effect of front seating vs back
seating on ambulance accident.”' In both articles, it was
reported that back seat passengers were more likely to be
injured or killed than those in the front seat.

At intersection vs not at intersection

Out of the 9 articles that reported on the effect of “at
intersection”, 8 articles reported that there were more
ambulance accidents occurred at intersections®*!>'*718 22
particularly in an urban setting.*" Only Weiss et al reported
that there was no difference between the number of
ambulance accidents at an intersection vs when not at an
intersection.” Custalow et al’ reported that ambulance
accidents that occurred at an intersection was highly
predictive of an injury or fatality.

Previous driver’s records of accidents

Two articles reported on the impact of driver’s previous
records of ambulance accidents on future accidents.”* In both
of these articles, it was found that many ambulance drivers
who were involved in fatal accidents had poor driving
records.
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Type of transfer- Interfacility vs primary response

Ersoy et al reported that only 6 ambulance accident cases
were due to transportation to a healthcare facility (primary
response) compared to 15 cases (71%) that were due to
transportation from one healthcare facility to another (inter-
facility transfer).

The data on the study characteristics (i.e., the country of
origin, types of articles, the journals where these articles were
published, year of publication, objectives as well as the risk
factors for ambulance accidents reported in these articles) are
tabulated in Table I. The detailed descriptions of the key
findings of these articles are given in Table II.

DISCUSSION

The two most common research areas on ambulance
accidents identified in this scoping review are the types of
collisions and the risk factors for ambulance accidents. With
regards to risk factors, we identified 9 risk factors that
contributed to ambulance accidents: (1) driving in urban
settings (2) driving on dry roads (3) the use of L&S (4) the
failure to use restraints (5) driving for emergency use (6) back
seating (7) at road intersection (8) driver’s previous records of
accidents and (9) inter-facility transfer.

Out of these 9 risk factors, the two most studied risk factors
are the use of L&S and when driving at road intersection. L&S
is often used by ambulances to herald its arrival and to
request the right-of-way from other drivers. To be effective
however, the siren sound must be of sufficient loudness and
frequency in order to overcome the competing masking
noises generated from the road, vehicle engines, sound
systems, ventilation system sound, sound insulation system,
etc.” But with this degree of loudness, it may also limit the
ambulance driver’s ability to pick up important auditory
signal from the radio system or from surrounding vehicles.**
» This may predispose the vehicle to ambulance accidents.
L&S can also have a number of adverse effects to the
surrounding vehicles. For example, the strobe light can
trigger a number of bodily reactions such as unusual feeling,
involuntary twitch, impede the vision of other drivers, induce
the distractions of drivers® and can even produce a “wake
effect”.”® “Wake effect” refers to the phenomenon of accidents
involving surrounding vehicles caused by the passage of an
ambulance with L&S when the other vehicles are pulling to
the side of the road, running through red lights, slowing
down, etc.* More importantly, most studies have shown that
although the time saved with the use of L&S may be
statistically significant, they were often not clinically
significant.”** For example, one study showed that even with
the amount of time saved using L&S, none of the patients
were able to receive any time-critical interventions within
that short period of time.” For this reason, it is argued that
the use of L&S is often unwarranted except in the most
pressing clinical circumstances.

In the study by Watanabe et al°, although L&S use was
associated with increased rates of ambulance accidents in
both response and transport phases compared to when no
L&S was used, this increase was more significant during the
transport phase. The authors hypothesized that during the
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“response to the scene” phase, two healthcare staff were
typically seated in the front compartment of the ambulance
and they shared the cognitive load required to operate the
ambulance (e.g., using the radio, activating the siren,
watching for traffic risks). But during “transport from the
scene”, only the driver was typically seated alone in the front
compartment. The other staff would be attending to the
victim in the ambulance cabin.’ The increased cognitive load
imposed on the driver predisposes him or her to accidents.

Indeed, ambulance driving is a cognitively demanding task
particularly when the driver is driving at high speed. It can
also be a highly stressful task®, as the driver often has to
attend to secondary tasks simultaneously such as engaging
in radio communication and identifying the victim's
location. Often, these secondary tasks may even require eyes
to be taken off the road* resulting in inattentional driving.
The demands for secondary tasks and “eyes-off-road” can
significantly delay a driver’s response time by 16% and 29%
respectively.*

Stress by itself has also been shown to result in a surge of
adrenaline. Witzel et al had demonstrated increased levels of
cortisol and other adrenocortotropic hormones in ambulance
drivers during emergency driving compared to during non-
emergency driving.* This sympathetic response results in
more aggressive and risk-taking behaviors among the drivers.
The problem of cognitive overload is further compounded
when an ambulance driver approaches the dilemma zone of
a road intersection.” Dilemma zone is the stretch of road
before an intersection traffic light where an ambulance driver
is faced with the dilemma of whether to apply brake or to run
through the red traffic light without stopping.* Should an
ambulance driver decide to run the red traffic light without
stopping, he or she may also face the challenge of other
potential red-light runners coming from another direction.
This is because the decision to run through the red light is
predicated on the trust that other road users would comply
with traffic rules and give way to the ambulance. But when
this trust is breached, unpredictable traffic conflicts and
accident risk may result. On the other hand, should the
ambulance driver decide to abruptly apply brake to the fast-
moving ambulance, this may create a sudden conflict with
the vehicles following behind, leading to risk of rear-end
collisions.” The ambulance driver often faces a surge of high
cognitive load, split-second decisions that must be made at
the dilemma zone.*

According to a framework on ambulance accidents developed
by Hsiao et al®, risk factors for ambulance accidents can be
divided into four broad categories, i.e., (1) driver-related
factors (e.g. individual differences, driver experience and
driver behavior); (2) task-related factors (e.g. time pressure,
secondary-task demands, long shift hours, driving under
emotions); (3) vehicle-related factors (e.g. vehicle
characteristics, in-vehicle equipment, conspicuity, warning
signals) and (4) environment-related factors (e.g. at
intersection, traffic signals, speed, light conditions, weather).
Using this framework to map out the 9 risk factors we have
identified in this scoping review (see Figure 2), it is evident
that most of these risk factors concentrated on 3 out of the 4
categories. The least studied category (the knowledge gap) is
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the category of driver-related factors. Indeed, the potential
risk factors under this category (such as individual driver’s
traits and personalities) can be just as important as other
categories of risk factors. For example, people with Type-A
personality have been shown to be linked to rage and
aggression. Type-A personality is a personality type with
attributes such as high levels of competitiveness and
impulsiveness.** Specifically, in the context of driving, Type-
A personality has been shown to be associated with increased
risk of accidents, traffic rules violation, impulsive and reckless
driving habits and road rage.

One limitation inherent to the methodology of scoping
review is that, although we have broadly mapped out the
different types of collisions and risk factors, we did not
systematically appraise our findings. In this regard, a
systematic review is called for. A systematic review is also
useful to minimize various research and publication biases as
well as to control between-studies and within-studies
variability. Secondly, the lack of a standard reporting
guideline hampered our endeavor to conclusively identify the
most common types of collisions involving ambulances.
Lastly, as most of the articles in our review originated from
developed countries (in particular, the USA and United
Kingdom), the findings reported here might differ should a
similar study is conducted in the setting of a developing
country. This is because the road conditions, the drivers’
behaviors and attitudes, the traffic congestion as well as the
ambulance maintenance may be substantially different in a
developing country as compared to that in a developed
country. Hence, there is a need for more studies on
ambulance accidents to be conducted in the setting of a
developing country.

CONCLUSIONS

In this scoping review, we have identified 9 major risk factors
described in the literature on ambulance accidents. The two
most common risk factors studied are (1) the use of L&S and
(2) driving at intersection. Most of these risk factors can be
mapped into three categories of risk factors: task-related
factors, vehicle-related factors and environment-related
factors. The category of risk factors least studied is the
category of driver-related factors. The lack of standard
reporting guideline hampered our quest to identify the main
types of ambulance accidents reported in literature. As such,
it is hoped that this scoping review may serve as a
springboard for more elaborative in-depth systematic reviews
of selective risk factors of ambulance accidents or future
research in ambulance accidents.
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