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ABSTRACT
Introduction  The introduction of trauma systems that 
began in the 1970s resulted in improved trauma care and 
a decreased rate of morbidity and mortality of trauma 
patients. Worldwide, little is known about the effectiveness 
of trauma care system at different stages of development, 
from establishing a trauma centre, to implementing a 
trauma system and as trauma systems mature. The 
objective of this study is to extract and analyse data 
from research that evaluates mortality rates according to 
different stages of trauma system development globally.
Methods and analysis  The proposed review will comply 
with the checklist of the ‘Preferred reporting items for 
systematic review and meta-analysis’. In this review, 
only peer-reviewed articles written in English, human-
related studies and published between January 2000 and 
December 2020 will be included. Articles will be retrieved 
from MEDLINE, EMBASE and CINAHL. Additional articles 
will be identified from other sources such as references 
of included articles and author lists. Two independent 
authors will assess the eligibility of studies as well as 
critically appraise and assess the methodological quality 
of all included studies using the Cochrane Risk of Bias 
for Non-randomised Studies of Interventions tool. Two 
independent authors will extract the data to minimise 
errors and bias during the process of data extraction using 
an extraction tool developed by the authors. For analysis 
calculation, effect sizes will be expressed as risk ratios or 
ORs for dichotomous data or weighted (or standardised) 
mean differences and 95% CIs for continuous data in this 
systematic review.
Ethics and dissemination  This systematic review 
will use secondary data only, therefore, research ethics 
approval is not required. The results from this study will 
be submitted to a peer-review journal for publication and 
we will present our findings at national and international 
conferences.
PROSPERO registration number  CRD42019142842.

INTRODUCTION
Traumatic injury is a major health problem 
for all age groups.1 2 It is responsible for 
the deaths of more than five million people 
each year,3 with 90% of the fatal injury 
burden occurring in low-income to middle-
income countries.4 5 However, the burden 

of traumatic injury has been reduced since 
the introduction of trauma systems in many 
developed regions worldwide, including 
North America,6 7 Europe,8 9 Asia,10 11 and 
Oceania.6 12

Trauma care systems represent a structured, 
multidisciplinary response to the injury and 
its prevention through the continuum of care 
that seeks to return those affected to their 
preinjury status. The trauma system is defined 
as network cooperation in a geographical 
area to plan, provide and manage injuries 
across all aspects of trauma care services from 
injury prevention to rehabilitation services.13 
This network comprises trauma service 
providers, typically including prehospital, 
in-hospital and rehabilitation services, as well 
as injury prevention and quality assurance 
programmes.13 In this protocol and proposed 
review, a designated trauma centre/major 
trauma centre is defined as a multispecialty 
hospital that provides different levels of care 
for trauma patients. Establishing trauma 
centres is often the first stage of development 
of a trauma system. Once a trauma system 
has been established, it is generally acknowl-
edged that it takes years for a system to be 

Strengths and limitations of this study

►► We report this protocol in accordance with the 
Preferred Reporting Items for Systematic Review 
and Meta-Analysis Protocols 2015 statement.

►► The study inclusion criteria will enable the system-
atic review to highlight the effectiveness of continual 
adaptation and development of trauma system on 
patient mortality.

►► We have chosen not to review literature published 
before 2000 because clinical healthcare and sys-
tems have changed rapidly in the last three decades.

►► This review will include primary studies involving 
trauma patients and people of all ages, gender, eth-
nicity, as well as any cause of injury.
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mature and an established aspect of the overall health-
care system,14 although there is no agreed definition of a 
mature trauma system.15 Thus, it is suggested that there 
are broadly three levels of trauma system development; 
establishment of a trauma centre, establishment of a 
trauma system maturation of the trauma system.

Trauma care systems have been introduced in many 
developed countries. In the USA, development of a 
trauma system was initiated in the early 1970s by the 
American College of Surgeons’ Committee on Trauma 
(ASC-COT). The ASC-COT criteria for classification of 
trauma care facilities denotes a level I trauma centre as 
providing the highest level of trauma care and level IV 
trauma facilities providing less trauma care for injured 
people.16 The Canadian trauma system was first estab-
lished in early 1990 in Quebec province.17 Similar to 
the US system, hospital trauma care in Canada consists 
of different levels of trauma centres ranging from level 
I to level IV. Australia is comprised of states and terri-
tories with each operating its own trauma system; the 
New South Wales’ trauma system was first established in 
199118 followed by the South Australian Trauma System 
in 1997.19 In Europe, specifically in Utrecht, Nether-
lands, the trauma system was implemented in 199920 and 
in England, UK the regionalisation trauma system was 
introduced in 2012.21 The term ‘major trauma centre’ is 
commonly used in the UK and Australian health systems 
to refer to the highest level of trauma care facility that can 
manage all types of injuries.

The majority of trauma systems in developed coun-
tries provide features including prehospital and retrieval 
services, prehospital triage and protocols for transfer, 
acute care services (designated trauma services) and 
integration of rehabilitation services. Furthermore, 
the systems also comprise social components including 
injury prevention programmes, ongoing education and 
training, research, quality management, planning, legis-
lation, technology development, and funding.

Evidence suggests that the implementation of trauma 
systems has improved functional and quality-of-life 
outcomes for major trauma patients, and mortality and 
morbidity has reduced.11 22 23 The literature has high-
lighted noteworthy differences in the characteristics 
of trauma care systems,14 24 but there has not been any 
consideration of the clinical outcomes associated with the 
different stages in the development of trauma systems. 
The result of this study that it is anticipated will highlight 
the effectiveness of continual adaptation and develop-
ment of trauma care system on patient mortality. These 
results may encourage governments, non-government 
agencies and healthcare providers involved in devel-
oping trauma system to continually refine the systems 
and support ongoing government investment in system 
development

A preliminary search was conducted to identify any 
existing or ongoing systematic reviews on the topic 
through MEDLINE, EMBASE, CINAHL and PROSPERO. 
One systemic review was found that was published in 2006 

and was limited to review studies from North America 
countries only.24 A second study was published in 2018 
included evidence of the impact of individual compo-
nents of the trauma system structure such as prehospital 
care and definitive care on injury outcomes including 
mortality, healthcare utilisation and disability.14 Overall, 
the study found that the mortality rate of injured patients 
has reduced following the establishment of the trauma 
systems.14

A revised systematic review is proposed that it will have 
inclusion criteria that are broader than the previous 
systematic review.14 For example, the proposed system-
atic review will include studies that compare outcomes 
of trauma centres and non-trauma centres to statistically 
assess mortality rates for the two groups. Furthermore, 
this review will enable the inclusion of more recent 
evidence and will also review studies from all countries, 
unlike the 2006 systematic review24 that was limited to 
studies from the USA and Canada. No other existing or 
ongoing systematic reviews similar to our approach were 
found.

Furthermore, unlike the previous study,14 this liter-
ature review of trauma related mortality will contrast 
three stages of development of a trauma system. The first 
stage is when a country establishes a trauma centre. This 
review will group studies that compare mortality rates 
in trauma centres and non-trauma centres. The second 
stage is when a country creates the network cooperation 
essential to establish a trauma system. This review will 
also describe a third stage; the period following initial 
establishment and when the system is operating in a 
stable way. Noting that there is no agreed definition in 
the literature for system maturation,15 the operational 
definition of system maturation for the purpose of this 
review is any further timepoint (without restriction) 
beyond the initial system formation. Therefore, studies 
that report data from any post system implementation 
period to evaluate progressive improvements over time 
will be considered as mature trauma system studies. 
In the analysis, duration of time will be extracted and 
considered. This review will consider whether there 
is evidence that trauma systems continue to improve 
outcomes as they mature.

OBJECTIVE
This systematic review will aid understanding of the effec-
tiveness of trauma care systems at different stages of devel-
opment in reducing mortality by addressing the question: 
Does trauma-related mortality rates vary according to the 
different stages of trauma system development and matu-
ration? The objective of this review is to systematically 
review recent research about trauma-related mortality 
rates and the stages of system development from trauma 
centres, to formative and then mature trauma systems. 
This protocol outlines the method for the planned 
systematic review and meta-analysis.
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METHODS AND ANALYSIS
Protocol and registration
This review has been registered in the International 
Prospective Register of Systematic Reviews (PROSPERO). 
Although the systematic review has been registered in 
PROSPERO under title ‘The effectiveness of trauma care 
systems to reduce mortality: a systematic review and meta-
analysis’ we have submitted an update request (November 
2020) to the systematic review record with minor amend-
ments to match with this protocol.

We report this protocol following the Preferred 
Reporting Items for Systematic Review and Meta-Analysis 
Protocols (PRISMA-P) 2015 statement25 (see online 
supplemental appendix 1, PRISMA-P checklist). The 
proposed study will also be reported in accordance with 
the Preferred Reporting Items for Systematic Reviews 
and Meta Analyses (PRISMA) checklist for systematic 
reviews.26

Eligibility criteria
This review will include primary studies involving trauma 
patients and people of all ages, gender, ethnicity, as well 
as any cause of injury such as road trauma, falls, struck by 
or collision with object or person and cutting or piercing, 
where the latter is defined as ‘injury caused by a cutting 
and piercing instrument or object’.27 This systematic 
review will include only quantitative study designs, for 
example, controlled and non-controlled before and after 
studies, and prospective and retrospective cohort studies.

The planned review will only include studies with suffi-
cient data to perform analyses and to calculate ORs and 
effect sizes; therefore, studies with insufficient data will be 
excluded. All severity of injuries from relatively minor to 
severe as well as stable and unstable injured patients will 
be included. Studies focused on single types of injuries, 
such as pelvic injury or whiplash injury, will be excluded 
from this study to generalise the result. Studies which deal 
with ‘trauma’ as a whole will be included as well as studies 
that focus on three or more injury types. Furthermore, 
in terms of system maturation, we will exclude any study 
that focuses on any specific modification of system or 
adaptation within the system rather than focusing on the 
whole system comparison. Articles without available full 
text will be excluded, as well as studies that do not report 
on original research, such as opinion pieces. Further-
more, studies will be excluded if they report on research 
conducted in the same period and the same location with 
the same data.

This review will include (i) studies comparing mortality 
rates for patients who were treated at trauma centres 
versus non-trauma centres; (ii) studies comparing 
mortality rates for patients who were treated in trauma-
based systems (after trauma system establishment) versus 
non-trauma-based systems (before trauma system estab-
lishment) and (iii) studies which evaluate the progress 
of system improvement from the first year after establish-
ment compared to the last year of reported data (early to 
late phases of trauma system improvement).

Information sources and search strategy
The databases to be searched include MEDLINE (Ovid), 
EMBASE (Ovid) and CINAHL (EBSCOhost). Example of 
search strategy and results for MEDLINE (Ovid) is shown 
in online supplemental appendix 2. Additional articles 
will be identified from other sources, such as references of 
articles through database searching and author lists, this 
source will be classified as additional records identified 
from references of articles through database searching. 
In this review, only peer-reviewed articles written in 
English, human-related studies, and published between 
January 2000 and December 2020 will be included. The 
first trauma systems started in the 1970s in the USA, while 
the Canadian, UK and Australian trauma systems started 
in the early 1990s. We have chosen not to review literature 
published before 2000 because clinical healthcare and 
systems have changed rapidly in the last three decades28 
and including outcomes for trauma centres before 2000 
could introduce influences of out-of-date systems and 
clinical practice. Grey literature will not be included in 
the proposed study.

Study selection
To identify eligible studies, three different searching 
and screening processes will be used, including title/
abstract screening and full-text reading using the Covi-
dence systematic review software. Following the search, 
all identified articles will be uploaded to Covidence soft-
ware, which will remove all duplicate studies. Then, two 
independent authors (RJA and SS) will assess the eligible 
studies to be included or excluded from the systematic 
review. Any disagreement that arises during the process 
of title screening, abstract screening or full-text screening 
will be solved by the third reviewer (either CM or VL). 
After this process is finalised, Covidence software will 
generate a flow diagram for PRISMA. The PRISMA flow 
diagram will provide complete information about the 
number of studies included from the title screening to the 
full-text screening and reasons for any full text excluded 
studies.

Data extraction
The PRISMA data extraction guide will be performed by 
the primary author of the study (RJA) and one coauthor 
(SS) will independently extract the data to minimise errors 
and bias during the process of data extraction. Disagree-
ments between the two reviewers will be resolved through 
discussion, or with a third reviewer through discussion 
(either CM or VL). The data extracted will include the 
author names, year of study, country of data origin, type 
of study, characteristics of the study population, data 
collection period, stage of trauma system development 
(centre; system; mature system) and years of operation, 
data source, type of study, sample size, cause of trauma, 
type of trauma, level of injury severity and mortality rate 
(see online supplemental appendix 3). The authors of 
primary studies will not be contacted to clarify or obtain 
missing data or information.
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Risk of bias in individual studies
Two independent authors will critically appraise and 
assess the method quality for all the included studies. 
The Cochrane Risk of Bias for Non-randomised Studies 
of Interventions (ROBINS-I) tool will be used by the 
two authors.29 Two authors of this review will discuss and 
agree on quality levels for each assessment tool. Any study 
judged of low methodological quality (does not meet the 
required quality level) will be excluded from the review 
and a reason provided for exclusion. Any disagreement 
that arises between the two authors will be resolved in 
consultation with a coauthor. All included studies will 
undergo data extraction and synthesis. The results of the 
critical appraisal will be reported in a narrative form and 
in a table.

Data synthesis and meta-analysis
Included studies will be pooled in a statistical meta-analysis 
(where possible) statistical software—Review Manager 
(RevMan) V.5.4. (The Cochrane Collaboration, 2020). 
For analysis calculation, effect sizes will be expressed as 
risk ratios or ORs for dichotomous data or weighted (or 
standardised) mean differences and 95% CIs for contin-
uous data in this systematic review. If heterogeneity 
appears across the selected studies after a visual inspec-
tion of the forest plot or statistically using the standard 
χ2 and I2 tests, the choice of the model (random or fixed 
effects) and method for meta-analysis will be established 
according to Tufanaru, Munn.30

Three different subgroups in meta-analysis will be 
conducted as following:

►► The first stage: studies that compare mortality rates in 
trauma centres and non-trauma centres.31 32

►► The second stage: studies compare mortality rate 
before and after the implementation of trauma 
system.21 33

►► The third stage: studies that evaluate change over 
time since the implementing the trauma system (early 
to late phases of trauma system).23 34

Assessment of publication bias
Data will be reported narratively in the form of tables 
and figures if statistical pooling is not possible because of 
limitations, such as substantial heterogeneity among the 
included studies. The authors will assess publication bias 
by generating a funnel plot if over 10 studies are included 
in a meta-analysis using RevMan V.5.4. In assessing funnel 
plot asymmetry (where appropriate), statistical tests 
(Egger test, Begg test Harbord test) will be performed.35

Assessment of certainty of evidence
The Grading of Recommendations, Assessment, Devel-
opment and Evaluation (GRADE) approach for assessing 
the quality of evidence will be followed and a Summary of 
Findings (SoF) will be created using GRADEpro software 
(McMaster University, ON, Canada). The SoF will present 
the following information, where appropriate: ranking 
of the quality of the evidence based on study limitations 

(risk of bias), indirectness, inconsistency, imprecision 
and risk of publication bias of the review results. The 
mortality rate of all included studies will be included in 
the SoF table.

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

Ethics and dissemination
This systematic review will use secondary data only, 
therefore, research ethics approval is not required. The 
results from this study will be submitted to a peer-review 
journal for publication and we will present our findings at 
national and international conferences.
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