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Strengths and limitations of this study

 ► This study will be conducted at three purposefully 
selected hospitals with different trauma resources 
in different geographic regions of Saudi Arabia (SA).

 ► This investigation will explore the factors in pre-
hospital and hospital care that are associated with 
mortality for adult trauma patients following a road 
traffic crash (RTC).

 ► To our knowledge, this review will be the first popu-
lation-based study using prehospital factors to pre-
dict RTC mortality in SA.

 ► This study may help to identify areas where efforts 
can be targeted to enhance the system of trauma 
care in SA.

 ► The feasibility of the study design will be considered 
and recommendations as to the conduct of large 
multicentre cohort studies in SA in future will be 
generated.

AbStrACt
Introduction Road traffic injury is a leading cause of 
death for people of all ages. The burden of road traffic 
injuries is well established in developed countries. 
However, there has been limited investigation of the 
incidence and burden of road traffic injury in low/middle-
income countries. With a proportionally high number 
of road users, there is a need to explore the factors in 
prehospital and hospital care in Saudi Arabia (SA) that 
are associated with mortality for adult trauma patients 
following road traffic crashes (RTCs). This paper outlines 
the method for the planned research.
Methods and analysis A feasibility exploratory 
multicentre study will be conducted at three purposefully 
selected hospitals with different trauma care resources 
in differing geographic locations of SA. The study sample 
will include all adult trauma patients who are involved in 
RTCs in SA and have been admitted to a study site in a 
3-month period from May to July 2019. Data regarding the 
characteristics of the crashes and prehospital health care 
factors will be extracted from hospital databases where 
it is available. Information will be collected from patients 
or carers and hospital records in the two sites that do 
not have a registry. Patient status at 30 days post-injury, 
particularly mortality, will be assessed through hospital 
records. The relative contribution of a range of factors 
to predicting mortality will be explored using logistic 
regression analysis.
Ethics and dissemination This study was approved by 
the Institutional Review Board Committee at King Saud 
Medical City (H-01-R-053), the General Department of 
Research and Studies at the Ministry of Health in SA 
(1440-1249939) and (1440-1398648), and the La Trobe 
University Human Research Ethics Committee (HEC19095). 
The results will be reported in a thesis and in peer-
reviewed journal articles and conference presentations.

bACkground
Road traffic injury is a leading cause of death 
for people of all ages. The burden of road 
traffic injuries is well established in devel-
oped countries such as Australia, USA and 
Europe such as France, Germany, and Great 
Britain.1–3 However, there has been limited 
investigation of the incidence and burden 
in low/middle-income countries despite a 

disproportionate degree of burden in these 
countries. For example, approximately 
90% of the traumatic injury burden of total 
road traffic crashes (RTCs) occurs in low/
middle-income countries4 despite these coun-
tries having just 54% of the world’s vehicles.5 
A recent systematic review and meta-analysis 
involving 39 studies from 15 African coun-
tries estimated that there were 65.2 people 
injured per 100 000 population in RTCs, 
with mortality of 16.6 deaths per 100 000 
population.6

The impact of RTCs is particularly evident 
in countries categorised as developing but 
with relatively high incomes such as Saudi 
Arabia (SA), as this often translates to more 
vehicles per capita. SA is one of the highest 
income countries in the Eastern Mediterra-
nean according to WHO and income group.7 
The burden of traumatic injury caused by 
RTCs is a major health problem and a leading 
cause of mortality and disability in SA. The 
country is ranked 23rd on the list of countries 
with the highest death rates in road crashes in 
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the world.8 It has been estimated that there are 19 deaths 
daily in the country and thousands disabled as a result 
of traffic-related injuries.9 In 2011, around 7153 people 
died and 39 000 were injured in SA due to RTCs.10 Hence, 
efforts to reduce the prevalence and impact of RTCs in 
SA are warranted.

There have been few studies that have examined RTC 
deaths in different regions or hospitals with different 
trauma resources in SA to identify impacts of trauma care 
and potential for improvement.11 12 Moreover, no studies 
have been identified in the literature predicting RTC 
mortality based on prehospital processes, and the role of 
prehospital care on the outcomes of injured patients in 
SA is unknown.13 Investigations focusing on prehospital 
care would help describe usual care and identify factors 
associated with optimal outcomes. A study is proposed 
that will explore the factors in prehospital and hospital 
care that are associated with mortality for adult trauma 
patients following an RTC across different hospitals with 
different trauma resources in three regions of SA. In 
lieu of a national trauma registry, the capacity to capture 
standardised and comprehensive data from various insti-
tutions is unclear. As such, a feasibility exploratory multi-
centre study will inform the conduct of a larger national 
investigation. This paper describes the research method 
of such a feasibility exploratory multicentre study.

MEthodS
Study design
A feasibility exploratory multicentre study will be 
conducted at three purposefully selected hospitals with 
different trauma care resources in different parts of SA 
including metropolitan and regional areas. Data collected 
by the King Saud Medical City (KSMC) trauma registry 
programme will be provided to the research team. The 
other two hospitals will collect comparable data during 
the same time period. As the patient’s file at the two 
hospitals without a registry are not likely to include 
all of the required data fields, patients will be asked to 
give consent for the collection of additional data by the 
hospital staff. Data will be collected by local research part-
ners (nurses/health professionals). The KSMC maintains 
hospital records (a trauma registry) that align with the 
study eligibility criteria and will be able to generate an 
electronic record of all patients who met the study criteria 
from the trauma registry. Variables related to the hospital, 
including level of resources available and length of stay, 
will be collected from the three sites.

The WHO promotes a definition of road traffic death 
that includes people who die up to 30 days after a crash.5 
Presently, over 100 countries use this definition.

The use of 30-day in-hospital mortality as an outcome 
measure is common,14–17 as is exclusion of patients who 
were dead on arrival or died early (within 30 min to 1 hour 
of arrival) in the emergency room.15 17–20 The reliability 
of the indicator is supported by research that shows that 
the majority of trauma patients died within 30 days after 

injury21 and the number of deaths post-discharge is very 
low.22 Further, death occurring after 30 days following 
trauma is more likely to be caused by other conditions.16

In this study patient status at 30-day post-crash, 
particularly mortality, will be assessed through hospital 
records. The relative contribution of a range of factors 
to predicting mortality will be explored. The feasibility of 
the study design to generate comprehensive data will be 
assessed.

Patient and public involvement
Patients are not directly involved in the design and 
conception of this study.

Study sample
Consecutive sampling is defined as a non-probability 
sampling technique where every patient who meets the 
criteria for inclusion is selected until the required sample 
size is achieved. This sampling approach is most appro-
priate for small exploratory quantitative studies.23 The 
study sample will include all adult (18 years old) trauma 
patients who are involved in an RTC in SA and who have 
been admitted to the three selected hospitals from 1 May 
2019 to 31 July 2019. To ensure the representation of facil-
ities with varying levels of trauma service, thus enhancing 
the generalisability of the study findings, the study will 
include three large to medium healthcare facilities from 
metropolitan and regional areas of SA. Specifically, hospi-
tals included in the proposed study are KSMC in Riyadh 
(metropolitan area), Buraidah Central Hospital (metro-
politan area) and Yanbu General Hospital in Yanbu 
(regional area).

With an intent to conduct a logistic regression analysis, 
a cases to independent variables (IV) ratio recommended 
by Tabachnick and Fidell24 was determined by the formula 
n≥50+8 m where m is the number of IVs. With the inclu-
sion of up to 25 predictive variables a sample greater than 
250 cases is required. In terms of the expected mortality, 
previous studies in SA have reported mortality rates of 
8.5%,11 9.5%25 and 13%.26 A sample of n=600 will be 
sought which, applying a mortality rate of 8.5%, is antici-
pated to result in sufficient numbers of deaths to enable 
the proposed analyses to be conducted (n=51).

A recent study examining the relationship between 
transportation mode and in-hospital complications at 
Medical City (with a bed capacity of 1500) in Riyadh, SA 
achieved a sample of 493 injured trauma patients from 
January to June 2016.27 In our study, one of the three 
targeted hospitals is KSMC which has a bed capacity of 
1400, with a lower bed capacity at the two other study sites. 
Collectively, it is expected that 3 months of data collection 
involving the three different hospitals will achieve the 
target sample.

Eligibility criteria
For an individual to be eligible for this research study 
they must satisfy the following inclusion criteria:
1. Adult (aged 18 years or more).
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Table 1 Shown complete study measurement

Measures Required information

30 days main status following the 
crash

 ► 30 days death (yes/no)
 ► If patient died within 30 days of crash, time of death (m/h, dd/mm/yyyy)
 ► If discharged, discharge reason (death/home/discharge to a place other than home 
such as another hospital, rehabilitation facility/other)

Socio-demographic variables  ► Date of birth (dd/mm/yyyy)
 ► Gender (male/female)
 ► Weight (kg/BMI)
 ► Height (cm)
 ► Education (less than high school/high school/diploma/certificate/bachelor/
postgraduate)

 ► Occupation (employed/unemployed)
 ► Marital status (single/married/divorced/other)

Crash characteristics  ► Time of crash (hour/minute)
 ► Type of crash (vehicle/motorcycle/bike/pedestrian/struck by/collision with person/
struck by/collision with object)

 ► Type of injury (head injury/spinal cord injury/chest/abdominal/other)
 ► Collision severity (over the speed limit/drink driving/fatigue/distracted/inattentive 
driver/rider/none)

 ► Mechanism of injury (head-on/rear-end/side/roll-over/multiple mechanism)
 ► Number of other people in the vehicle (number)
 ► Position in the vehicle (driver/front passenger/rear passenger)
 ► Seat belt protection or helmet if motorcycle/bike (yes/no)
 ► Car has airbag protection (yes/no)
 ► Length of holding driver licence (years)

Physiological assessment  ► (ISS (16–25/26–40/>40) and AIS 2005—updated 2008 version) (1 minor/2 moderate/3 
serious/4 severe/5 critical/6 maximal (currently untreatable))

 ► GCS score (mild 13–15/moderate 9–12/severe 3–8)
 ► Systolic blood pressure on scene and on arrival at hospital (mm Hg)
 ► Respiratory rate on scene and on arrival at hospital

Prehospital and hospital variables  ► Scene km to hospital (km)
 ► Time to hospital (hour/minute)
 ► Type of EMS provider (doctor/paramedic/emergency medical technician)
 ► Transportation mode 1 (ambulance/private vehicle)
 ► Transportation mode 2 (direct/indirect transport)
 ► Prehospital intubation (yes/no)
 ► Prehospital notification (yes/no)

Hospital factors  ► Transfer to surgery on arrival (yes/no)
 ► Level of definitive care (trauma centre/non-trauma centre)
 ► Length of hospital stays (days)
 ► ICU stay (yes/no), if yes length of ICU stays (days)

AIS, Abbreviated Injury Score; BMI, body mass index; EMS, emergency medical service; GCS, Glasgow Coma Scale; ICU, intensive care unit; 
ISS, Injury Severity Score.

2. Involved in an RTC in SA.
3. Admitted to one of the three selected hospitals from 1 

May 2019 to 31 July 2019.

Exclusion criteria
1. Patient was deemed dead on arrival at the hospital.
2. Patient age <18 years.

Measures
Data regarding the characteristics of the crashes and 
prehospital healthcare factors will be extracted from 
hospital databases where it is available. Information will 
be collected from patients or carers and hospital records 

in the two sites that do not have a registry. Variables 
related to the care provided in hospital, including level 
of resources available and patient’s length of stay, will 
also be collected. Patient status at 30 days post-admission, 
particularly mortality, will be assessed through hospital 
records. The variables to be collected are described in 
table 1. The data collection tool is a structured document 
with tick boxes for response categories.

The feasibility-based assessments of the study method 
to conduct future large multicentre cohort studies will 
include the rate of recruitment and reasons for participant 
ineligibility, time to screen patients and time required 
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to collect data. Other feasibility-based assessments will 
include equipment and process requirements to imple-
ment the study, the existence of patient databases and 
minimum data fields, the number and type of sites that 
would need to be involved to achieve sample size targets 
and requirements for training staff to collect data (eg, 
including the Abbreviated Injury Score (AIS)). Moreover, 
examining the amount, type and pattern of missing data 
is a focus for the initial steps in this feasibility study, the 
results of which will support the conduct of subsequent 
multicentre research about road trauma in SA. We also 
hope to explore potential differences in systems and prac-
tice that may contribute to outcomes.

Statistical analyses
Logistic regression analysis modelling, which is a form of 
predictive modelling technique, is suitable for this study. 
‘Logistic regression predicts the probability of an event 
occurring and is expressed as an OR’ (p. 232).23 Inci-
dence rates, OR and 95% CI for the dependent variable 
(DV) (the target) and IVs will be calculated. The study 
will use χ2 tests, independent t-tests or Mann-Whitney 
U tests for univariate analyses. The DV of 30 days status 
includes death, in hospital, or discharged. Mortality will 
be adjusted for different IVs including socio-demographic 
variables, crash characteristics, physiological assessment, 
and prehospital and hospital variables. Due to the large 
number of IVs, some variables will be controlled in the 
regression analysis including age and Injury Severity Score 
(ISS). In addition to logistic regression, Cox proportional 
hazard model will be used to examine the relationship 
between the survival time of injured patients and explan-
atory variables, pending the availability of both mortality 
data and days to death data.28

Furthermore, as a feasibility study, a comparison of data 
quality (ie, the quantity and nature of missing data) will 
be considered. Sub-group analyses can be conducted to 
assess site differences in the quality of data. All analyses 
will be performed using the latest version of MacOS Statis-
tical Package for the Social Sciences; a p-value<0.05 will 
be considered significant for all statistical tests. Other 
information about the feasibility of the study design will 
be reported such as recruitment time, need for resources 
to support data collection and any other difficulties/
limitations that arose during the study process.

Patient consent
Patient consent is not required for the KSMC site as the 
study will be conducted utilising de-identified data from 
the KSMC Trauma Registry, which has prior consent to be 
used for research. However, we have designed a consent 
form in two languages (Arabic and English) for the 
Buraidah Central Hospital and Yanbu General Hospital 
to use when collecting data for this study. These two sites 
have agreed to provide de-identified patient data for the 
study. All participants who meet the study inclusion criteria 
will be asked to answer questions related to the crash by 
local research partners (nurses/health professionals) at 

these two hospitals. Interviews will take approximately 
10 min of the participant’s time. Other information will 
be obtained from their prehospital records (provided 
by ambulance) and hospital file, with their consent. For 
patients who are not able to consent because of their 
injuries, next of kin will be asked to provide consent on 
behalf of these participants. In cases where a patient dies 
prior to the health professional researcher approaching 
them or their next of kin for consent, the researcher will 
ask the next of kin at an appropriate time when it is least 
likely to cause distress. A protocol is in place to support 
people who may become distressed; this involves linking 
the person to support services available in the hospital. 
All patients have the right to withdraw at any point. See 
online supplementary appendix 1 for full participant 
information statement and consent form.

dISSEMInAtIon
The results of this study will be reported in a thesis and 
in peer-reviewed journal articles and conference presen-
tations. A final report and copy of any publication arising 
from the study will also be provided to KSMC, the Ministry 
of Health in SA and La Trobe University, Australia. The 
participating hospitals and Ministry of Health are able to 
share the final report/publications with participants or 
through other distribution mechanisms with appropriate 
acknowledgement.

LIMItAtIonS
First, data can only be collected for injured patients who 
are admitted to one of the three selected hospitals as SA 
has no national trauma registry. Therefore, the three 
hospitals with different trauma care resources in different 
parts of SA have been purposefully selected, not only to 
provide a range of incident experiences and to test the 
study method in anticipation of larger national studies 
but also to enable documentation of mortality at 30 days 
post-crash as per the WHO definition.5 Second, patient 
status at 30 days post RTC admission is the key outcome 
measure. It is possible for someone to die in a different 
location before 30 days if patients are transferred else-
where with ongoing medical issues, or they may die at 
home post-discharge. Therefore, there might be missing 
data for those who die elsewhere within the 30 days after 
discharge as hospitals will not follow-up with those who 
discharge. However, information about the reasons for 
discharge (such as home, discharge to another hospital, 
rehabilitation facility, or other) will be collected, and we 
will consider whether the transition represents a ‘step up’ 
in intensity of healthcare or a ‘step down’. It is reasonable 
to assume that hospitals will only discharge people to a 
lower level of care or home if they are healthy enough.

Third, the use of AIS coding has been shown to be 
reliable when used by health professionals with different 
levels of training, particularly for vehicular injury 
compared with non-vehicular injury.29 While there exists 
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a limitation in relation to knowing the levels of AIS 
training among staff who are documenting patients’ 
information, hospital records in SA are based on infor-
mation collected by trained administrators and nurses or 
health professionals. The local research partners (at the 
two prospective study sites) who will collect the study data 
from patients have at minimum a qualification of bache-
lor’s in nursing or another health discipline. Further, the 
first author has provided instructions and ongoing advice 
to the hospital staff who are collecting data. The trauma 
registry data collection staff are qualified in use of the 
AIS.

dISCuSSIon
This is primarily a feasibility study to examine the capacity 
to generate comprehensive and compatible data from 
multiple sites (hospitals) in SA. The overall aim of the 
research programme is to identify the factors that predict 
30 day mortality in adult trauma patients following 
RTCs in SA, with a particular focus on prehospital and 
hospital processes in different hospitals with different 
trauma resources. The complementary research ques-
tions include, but are not limited to: Is it possible to 
conduct a large multicentre cohort study in SA?; what is 
the amount, type and pattern of missing data across study 
sites? (depending on quality and comprehensiveness of 
data); is there a difference in mortality between the three 
hospitals (controlling for severity)?, for example, metro 
versus regional; size of hospital; presence of trauma 
protocol; and is there a difference in the survival time of 
injured patients among the three hospitals?

The findings of this research will help to explore 
the preventability of death following RTCs and suggest 
improvements in the system of care provided to these 
patients in SA. In SA, the long-term outcomes and the 
predictive factors influencing mortality following RTCs 
are unknown. Only one recent study has investigated 
that long-term disabilities follow injuries; however, the 
study focused only on traumatic head injury patients in 
SA.30 Two other studies have examined factors predicting 
in-hospital death among patients injured in traffic 
crashes, but these studies were based on the only level I 
trauma centre (National Guard Hospital) in SA.11 12 These 
studies have shown some factors associated with higher 
risk of in-hospital death such as patients being older 
than 65 years, higher ISS and the mechanism of injury 
(pedestrians compared with motor vehicle crashes).11 12 
In this study, we aim to assess the feasibility of using a 
multicentre research design to explore a comprehensive 
range of factors that could be associated with RTC patient 
mortality in prehospital and hospitals with different 
resources. An understanding of these predictive factors 
will help to identify areas where future efforts can be 
targeted to enhance the system of trauma care, explore 
the preventability of death and improve outcomes of 
patients injured in an RTC in SA.
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