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Summary 
 

Background: Injuries are a major healthcare challenge and consume vast resources. Injuries 

also cause enormous disease burden in Lower-Middle-Income-Countries (LMICs). Despite 

the known benefits of trauma systems for managing injuries, this approach is not widely 

practiced in LMICs. The research examined injury patterns and its current management, 

further the research assessed how the trauma system concept can be adopted in Africa using 

existing healthcare structures. 

 

We aimed to: undertake a comprehensive Cochrane systematic review examining the utility 

and effect of trauma systems; to assess burden of ‘trauma disease’ and assess the current 

health care structure capability in provision of trauma care services in Botswana and 

Tanzania; further, we evaluated potential within existing healthcare structures for building 

trauma systems. 

 

Method: After study approval for the PhD degree, the University approval followed, and site 

approval from various countries and institutions. The study examined the utility of trauma 

systems and designated trauma centers by using Cochrane guidelines. A protocol was 

published in the Cochrane library, and subsequently a systematic review was conducted. 

Further observational research was carried out to assess health care provision by using 

hospital records and in-person interviews of healthcare providers and administrators. The 

studies were carried out in pre-selected trauma-burdened hospitals in Botswana and 

Tanzania, using pre-defined proformas. 

 

Results: We found that the utility and effectiveness of trauma systems is widely reported 

globally, however there are limitations of quality of the included primary studies.  
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Reports of primary research from Botswana and Tanzania showed efficient referral networks. 

Patients were transported by inter-facility hospital vans, commercial vehicles, police vehicles 

and private vehicles. Furthermore, the studies reported: well-functioning “death and birth 

registry” systems, financing systems, and emergency medicine physician trainings. 

 

Deficiencies noted were due to: a high prehospital trauma death rate, injury burden in young 

adults, high rate of admission for minor and moderate injuries in referral hospitals, and 

predominantly minor to moderate trauma surgeries performed in referral hospitals instead of 

lower-level hospitals. Concurrently, there were deficiencies in the use of trauma protocols, 

recording of key patient information, organisation of trauma care, and provider knowledge and 

skills. 

 

Conclusion:  Sub-Saharan African countries have infrastructure in place that may be used to 

establish essential trauma systems. The high-cost trauma systems in HICs can be adapted to 

create low-cost models by improving the existing various prehospital care models in LMICS, 

building needed capacity in existing healthcare facilities, installing preventive measures and 

improving coordination of the trauma system components. This thesis provides suggestions to 

achieve these. 
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Chapter 1 

Context of the thesis  

Trauma is defined as the adverse physical effects of man’s interaction with his environment 

and the injuries, physical, emotional or mental, resulting therefrom (1). Trauma systems are a 

system of interrelated healthcare components dedicated to injured patients, the components 

including: prehospital care services, dedicated trauma care-capable hospitals, trauma-care 

performance appraisal systems, effective communication structures for triaging patients, 

rehabilitation services designed to optimize injury outcomes, and injury prevention measures 

(2,3). Trauma healthcare is often referred to as trauma care. 

About five million people die from injury every year and many millions more suffer non-fatal 

injuries (4). Furthermore, trauma accounts for losing 180 million disability-adjusted life years 

annually, and 90% of the burden occurs in Lower- and Middle-Income Countries (LMICs) 

(5,6). 

Road traffic injuries cause an annual economic loss of about US$167.8 billion worldwide (7). 

The costs in Africa are less well documented, but likely in excess of many country’s gross 

domestic product for healthcare (4). 

In response, trauma care has developed into an organised trauma system in many countries 

(8,9), and it is reported to be effective in reducing the burden from trauma (10-13).  
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Trauma system development 

The initial civilian trauma care was based on the importation of wartime experiences, and 

techniques to civilian hospitals (8). At that time, trauma care was provided in isolated trauma 

centers, however currently the trauma care is mainly based on the trauma system concept. The 

concept extrapolates from the original definition of the term ‘system’ and therefore describes 

the interrelated components, such as prehospital care, emergency and definitive care, 

rehabilitation and preventive measures, further it is checked by the quality and system 

appraisal measures enabled by trauma registry (2,3). 

The initial trauma care that started as injury centers in the UK, South Africa and later in the 

US has now developed into a system that retrieves patients, and promptly delivers them to the 

appropriate level hospitals for definitive care, and offers rehabilitation and preventive care 

(1). To be functional, trauma systems require political and public support to ensure adequate 

resources (1,2). The need for resource allocation and quality system installation has led to a 

regionalised trauma systems model that has ensured the organisation of this care within a 

certain geographical location (3). 

Trauma system models have used various resources to maintain skills and organisation of 

injury care: Advanced Trauma Life Support (ATLS) course (14), Definitive Surgical Trauma 

Care course (15), and many other organisations (16-19) have established training on core 

skills and critical knowledge to the frontline personnel. 

In recent times, trauma system models advocated for LMICs (2, 19, 20) have used WHO 

resources (21), and similar ones from the Red Cross movement (22) to standardize training 

and trauma care practices in LMICs. 
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Current trauma system models in High Income Countries (HICs) 

Many HICs have attained a mature trauma system (23). In such systems standards and quality 

are overseen by an accreditation organisation. A mature trauma system uses an accreditation 

system to achieve and maintain all its components (3,24,25).  Designation of hospitals are 

usually according to their trauma care provision capacity, and ranges from level IV to level I 

(3,24,25). Further, in these countries the trauma system is run by a lead agency that ensures 

functioning of the network and interrelation of different components and communication 

stations. The lead agency also oversees bypass mechanism between hospitals, resource 

allocation, skills-sharing, rehabilitation and preventive services. Other functions of the lead 

agency is to ensure quality maintenance in regionalised systems and in other trauma networks 

outside the region and uses a trauma registry to monitor system performance (3,24,25). The 

well-functioning trauma system uses pre-hospital, in-hospital care and rehabilitation services 

to transition injured patients from one phase of care to the next by employing multi-

disciplinary approaches in each level (3,24,25). Despite that, most developments in trauma 

systems are registered in HICs, there are only a few countries that have established a national 

trauma registry to date (23). 

 

 

Association of Southeast Asian Nations & Middle-Income countries 

The Association of Southeast Asia Nations (ASEAN) constitutes a number of the middle-

income countries and some HICs that have adopted a trauma system. In some, they have 

established accreditation systems, and they designate hospitals according to their trauma care 

capacity (1). A recent report on development of trauma care using the WHO trauma maturity 
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index shows trauma system models are commoner in the ASEAN and Middle-income 

countries than in sub-Sahara Africa, and the distribution relates to country’s economic status 

(23). In this report most of the middle-income ASEAN countries show they have attained a 

moderate maturity index. Many ASEAN countries have some components such as emergency 

services available, but lack a coordinated prehospital system, trauma registries and trauma 

care quality monitoring systems. Several countries in this group and other middle-income 

countries do not yet have an inclusive trauma system or National-wide trauma registry 

(1,23,26,27). 

In India for instance, a recent study reported many of the state hospitals still endure deficient 

physical resources mainly because of a deficient organisation of care, in this study they 

described a mismatch between human and physical resources that has resulted in a 

dysfunctional system (27).  

Sub-Sahara Africa and LMICs 

Reports show that despite LMICs bearing the greatest trauma burden, there are greater 

limitations in skills, resources, and organizational capacity (28-31). Trauma patients in these 

countries suffer complex injuries from varied injury mechanisms such as Road Traffic 

Crashes (RTC), interpersonal blunt injuries, falls and weapon related injuries (20, 32-

34).  The complex injuries incurred would usually require a high level of skills and 

capabilities and a good organisation of care (2,20, 28, 31). In contrast, Sub-Saharan Africa 

and LMICs for a large part do not have organised trauma care systems (1,23).  There are 

reports showing sub-Saharan Africa has shortages of doctors (34,35), deficient patient 

transport systems (36-40). 
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While the higher economic wealthier countries in upper middle-income countries and HICs 

enjoy more resource allocation to healthcare, the majority of LMICs are less developed and 

have fewer resources committed to trauma care (41,42). There are concerns that trauma 

systems described in HICs may not apply in these settings because of deficient resources, 

infrastructure and the existing complex mechanisms of injuries in adversity settings (20). The 

WHO reports the use of prehospital care by lay responders and non-medical transportation in 

some LMICs (2). The WHO essential trauma care initiatives have encouraged cost-effective 

approaches to curb the scourge of injuries (2). Locally devised systems must employ effective 

trauma care strategies and yet observe minimal resources in sub-Sahara Africa to bring about 

improvements required (1,2). 

Working models for Sub-Sahara Africa—towards WHO and beyond 

Sub-Saharan Africa faces inadequate personnel, deficiencies in skills and impassable terrain 

which complicates trauma care (20). The region also faces competing healthcare needs from 

infectious diseases (1,2). Effective trauma care systems must be customized to the country’s 

level of economy and must not overburden the existing healthcare capacity (2). In countries 

where trauma systems are not yet available, the use of low-cost approaches in prehospital 

care, patient transport and prevention strategies has been documented (2,31).  In essential 

service models such as the essential program on immunization (EPI) most Ministries of 

Health in LMICs have installed monitoring and evaluation systems that have ensured 

effective provision of immunization, supply chain and human skills (43). Trauma care in 

countries where there is none could benefit from borrowing some EPI strategies. The WHO 

trauma care guidelines (2,23,31) offer a convenient platform to establish such low-cost 

systems.    
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Systemized approaches in resource limited settings must address available structures and 

empower extant communities (1). Afro-centric trauma systems are based on possible available 

resources and existing traditional and nontraditional structures. It addresses cultures and 

mobilizes communities and political support to forge cooperation among various players in 

order to address regionalization of trauma care (1). 

 

 

 

 

 

 

 

 

 

Chapter 2 

Study context with aims and methods 

In order to gain further insight into the trends in trauma care worldwide, the researchers 

undertook a Cochrane systematic review to assess the evidence for the effectiveness of trauma 

systems in both HICs and LMICs. The study was guided by the Cochrane’s Effective of 
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Practices and Organisation of Care (EPOC) regulations. The protocol was published in the 

Cochrane database of systematic reviews prior to conduction of the research itself.  

In addition, the researcher also conducted primary studies in the major hospitals in Tanzania 

and in Botswana to establish baseline information necessary for developing a functional 

trauma system in the LMICs context. A functional trauma system is described as opposed to 

‘organised trauma system’ in HICs which is highly organised, closely coordinated and utilises 

costly mechanisms, infrastructures and protocols. The desired trauma systems in LMICs may 

only employ adapted infrastructure and low-cost protocols and aim to achieve an equivalent 

level of effectiveness in improving patient outcomes. 

The aim of the primary study was to assess the possibility of setting up a trauma care system 

that is effective and yet affordable in LMIC’s circumstances. We made emphasis not to 

replicate the HIC’s high-cost organised trauma system. Such functional systems are flexible 

enough to allow local adaptations of the existing healthcare infrastructures in Sub-Saharan 

Africa setting and have therefore been previously coined Afro-centric trauma systems (1).   

The research interrogated various data-systems including the trauma care process, death and 

birth registration systems, pathology departments, and the emergency medical department 

referral systems in the two respective countries. 

Tanzania, a country that was recently upgraded to a ‘lower’ middle income country, bears a 

high rate of injuries (44,45) similar to many other LMICs (36-39), its burgeoning population, 

and urbanization suggests further escalation of traumatic injury trends, and calls for effective 

strategies. The country’s health care system is decentralized; healthcare services are offered in 

hierarchies from healthcare posts, dispensaries, health centers to a higher hierarchy level such 

as specialized hospitals (46). The country’s effort to manage these injuries include the recent 



9 
 

establishment of an Emergency Medicine training program, and development of emergency 

medicine departments in all major hospitals (42). However, so far there are no organized 

trauma system models in place, trauma care training is deficient and trauma-surgery 

specialization among health professionals is yet to start (47,48). Further, the national health 

insurance fund (NHIF) only provides about 32% coverage, and does not include prehospital 

emergency services (49).   

On the other hand, Botswana, an ‘upper’ middle income country in sub-Saharan Africa, 

enjoys a higher social-economic level, good quality road networks country-wide, and a much 

lower population density. Similar to other LMICs, the high rate of RTC confront Botswana 

and lead to a high death rate (41,50). The country suffers competing healthcare needs from 

infectious diseases (28,35) in addition to the burden of trauma disease.  In recent times, 

Botswana developed Emergency Medicine physician training and acquired a well-established 

emergency medicine department in her major hospitals (41, 51,52). Unlike other LMICs, the 

country boasts a subsidized health care system and a functional Motor Vehicle Accident fund 

system (53,54). 

Description of the core research problem and its significance 

Current trauma care approaches advised by WHO and the trauma societies include prehospital 

care services, trauma care-capable hospitals, trauma-care performance appraisal systems, 

effective communication systems for triage patients, and rehabilitation services (2,3,24,26). 

The proposed trauma system model has shown cost saving, improved resource utilisation, 

imparting necessary skills to hospitals due to pooling patients, improving quality and reducing 

morbidity and mortality (2). Such systems are desired in sub-Saharan Africa, where the 

burden of traumatic injuries is the highest, and where there are deficient resources (28). 
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Research shows instituting trauma systems where none exist may improve hospital 

performance and outcomes even for non-trauma diseases (2). 

Despite the obvious need for such trauma systems in LMICs, the cost required has impeded 

implementation. Further, a lack of evidence for their effectiveness outside of HICs has likely 

led to less advocacy and funding. 

The study assessed baseline information in the two sub-Saharan African countries to 

recommend how an Afro-centric trauma care system may provide optimal care at a reasonable 

cost. 
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Hypothesis 

The researchers studied trauma care trends and further assessed how functional trauma 

systems could be developed in African settings while utilising existing structures proven to be 

functional. The term ‘Afro-centric trauma system’ was coined by Hardcastle (1) to describe 

the needed African contextual considerations while devising the trauma care system in Africa. 

This is a form of trauma uBuntu. In this series of studies, the authors examine the literature 

around trauma systems using a Cochrane evidence-based review. Further, they conducted 

primary studies to examine resources available, care processes, and organizational structures 

in Botswana and Tanzania. The research explores possibility of building trauma systems using 

WHO recommendations (2,31).  

The hypothesis is that organized trauma systems and designated trauma centers adopted by 

LMICs improve outcomes among injured patients, and that sub-Saharan African countries 

exemplified by Tanzania and Botswana, though with differing capacity in their health 

systems, bear the potential to set up functional trauma systems. 

Research questions and objectives 

Research questions: injury and its impact are increasing in LMICS where trauma systems 

approaches are not widely practiced, further the current injury care systems in HICs may not 

be usable in LMICs. Can LMICs implement recommended trauma care approaches? 

 

 

Objectives of the study: 
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1. To undertake a comprehensive Cochrane systematic review examining the utility and 

effect of trauma systems, designated trauma centers and the development thereof 

across the world using the Effective of Practice and Organisation of Care (EPOC) 

methods. 

2. To assess burden of ‘trauma disease’ in Botswana and Tanzania through assessment 

of penetrating trauma and blunt trauma – subdivided as road-related and other, and 

assess adult versus paediatric injury. 

3. To assess the current health care structure capability in provision of trauma care 

services in Tanzania and Botswana through analysis of the physical facilities, the 

human resources including the skill/education levels, the processes of care and 

adverse event avoidance methods, and analyze the capacity of the prehospital trauma 

system. 

4. To evaluate potential opportunities within existing health care structures that can be 

used to build trauma systems in Tanzania and Botswana using a proposed modified, 

cost-effective, improved system based on best evidence and guided by local data, 

using the two African countries with contrasting social economic contexts. 

  Methodology and Study designs 

After obtaining approval of the concept of the study and registration for the PhD degree at 

UKZN the necessary post-graduate and ethics approvals from the various countries and 

institutions were organized prior to any actual data accumulation. (See Appendices 3-5). 

The study employed various methods to achieve the set objectives: in examining the utility of 

trauma system and designated trauma centers, a systematic review using Cochrane EPOC 

guidelines was performed. The study protocol was published as per Cochrane guidelines and 

subsequently a review was undertaken. (See Chapter 3) 
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Further observational research was carried out to assess health care provision systems using 

record reviewing, in-person interviews of healthcare providers and administrators in pre-

selected trauma-burdened hospitals in Botswana and Tanzania. These studies employed cross-

sectional research designs and chart-review of hospital records as well as interviewing 

healthcare providers. 
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Chapter 3 

Organised trauma systems and designated trauma centres for improving outcomes in 

injured patients  

i) Intervention Protocol 
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ABSTRACT 
 
This is a protocol for a Cochrane Review (Intervention). The objectives are as follows: 

 
To assess the effects of organised trauma systems and designated trauma centres for improving outcomes in injured patients, 
specifically patient outcomes and adverse effects or harms. 

 
 
 
 

BACKGROUND 
 

 

Description of the condition 
 

Trauma is the injury of an individual due to a number of potential 

mechanisms, including road traffic crashes, falls, contact with heat or 

hot objects or substances, weapons, electricity, bites and stings, and 

others. Trauma can be intentional (e.g. suicide attempt, as-sault) or 

unintentional, and either blunt (e.g. fall) or penetrating (e.g. gunshot 

wound). Furthermore, injuries can be defined by severity, from minor 

to severe or life-threatening to uniformly fa-tal. Given the frequency 

that these mechanisms occur in societies and the potential for serious 

consequences from each of them, in-jury is responsible for a large 

global health and economic burden. 
 

 
 
 

 
Almost five million people die from trauma each year, which makes it 

a serious global health problem (Mock 2015). Additionally, trauma 

incurs 180 million disability-adjusted life years annually (Mathers 

2004). Ninety per cent of this burden occurs in low- or middle-

income countries (LMICs) (WHO 2013). In 2005, coun-tries lost an 

estimated USD 167.8 billion from road traffic injuries alone (Dalal 

2013). In response, organised trauma care has devel-oped and 

evolved over many decades, and has led to the formation of trauma 

systems (Mullins 1999; Nijs 2003). There is emerg-ing evidence that 

these systems may be effective in reducing the burden from trauma in 

LMICs and thus, such systems have been replicated in many high-

income countries (HICs) (West 1983; Shackford 1986; Mullins 1994; 

Nicholl 1997; Atkin 2005). Despite LMICs carrying the greatest 

trauma burden (WHO 2013; 

 
Organised trauma systems and designated trauma centres for improving outcomes in injured patients (Protocol) 1 
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Hardcastle 2013a; Hardcastle 2013b), few LMICs have adopted a 

formal trauma system. The World Health Organization (WHO) has 

recommended developing resource-appropriate trauma sys-tems, 

as described in their guideline documents, ’Prehospital Trauma 

Care Systems’ and ’Guidelines for Essential Trauma Care’ (Mock 

2004; Sasser 2005). Further recommendations are based on 

feasibility of care considering resource limitations, pre-hospi-tal 

capability, and geographical challenges in LMICs (Hardcastle 

2013a). Improvement in the planning and organisation of human 

and physical resources and institution of systemised trauma care is 

likely to improve outcomes of injured patients, especially where 

these services are poor or non-existent (Calvello 2013). However, 

the quality of evidence used for evaluating these systems remains 

insufficient. 

 

 

 

Description of the intervention 
 

Description of the intervention considers the template for inter-vention 

description, evaluation and replication guide (TIDieR) (Hoffman 

2014). The name of the intervention is ‘organised trauma systems’, a 

pre-planned approach to the provision of the spectrum of trauma care. 

An organised trauma system stipulates how and when patients are 

moved to and between providers, who provides care, where it is 

provided, when it is to be available, and how the costs are recovered. 

Organised trauma systems offer ini-tial care and triage patients to the 

most appropriate level of care according to their needs. Organised 

trauma systems necessarily include pre-hospital and hospital services, 

and rehabilitation ser-vices. Trauma systems may be centralised within 

a specified geo-graphical area (regionalised). Pre-hospital care is made 

up of a com-munication system, initial medical services at the area of 

injury oc-currence, patient transport services (i.e. ambulance services), 

and includes necessary medical treatment during transportation. Hos-

pital care is provided by hospitals designated as level I to IV trauma 

centres on the basis of trauma volume, range of available services, 

staffing requirements, educational/research capacity, and support of 

injury prevention initiatives. A level I centre has a full range of 

immediately available services and leadership in teaching, re-search, 

and injury prevention and control. Level II centres are able to initiate 

definitive care for all injuries but with a lesser capacity in research and 

certain services compared to level I. Level III centres provide 

assessment, stabilisation, and basic emergency operations. Level IV 

centres provide basic trauma life support (Mock 2004; Hardcastle 

2011; ACS 2014). Additionally, an organised trauma system often 

includes programmes that support injury prevention initiatives, such as 

promotion of helmet-wearing among cyclists, appropriate seat belt use, 

education against alcohol and other illicit substance use among drivers 

and cyclists, and law enforcement for traffic offenders. Other 

preventive measures may involve necessary changes in legislation and 

engineering designs for cars and roads (Rivara 1997; Mock 2001; ACS 

2014). 
 

 

How the intervention might work 
 
An organised trauma system may improve the outcome of severely 

injured patients by identifying those who require multidisciplinary care 

and promptly transporting them to an appropriate level of care. This 

system creates high levels of skills and expertise among providers 

through high patient volume and concentration of re-sources and 

therefore may lead to more intensive utilisation of re-sources. 

Regionalised trauma systems and trauma centres provide leadership 

and organisation of trauma care to the designated pop-ulation (Cole 

2016). Trauma systems often support injury preven-tion programmes 

that may reduce the burden of injury. Trauma systems may also reduce 

barriers to care, improve the quality of care provided, use resources 

more efficiently, strengthen the trauma provider workforce by offering 

technical support to lower levels of care (level III and IV), offer a 

smooth referral mechanism within the system, and improve community 

health. Generally, centralisa-tion of healthcare systems has been 

documented to de-skill lower facilities, and delay patients’ treatment 

(Atkinson 2004). However, trauma system centralisation may minimise 

delays by offering ap-propriate treatment at the scene and fast 

transportation, while con-tinuing necessary treatment. Models of 

trauma systems available in HICs are costly and may adversely affect 

healthcare provision for other services in low-income countries (Mock 

2004). 

 

 

Why it is important to do this review 
 

Although several studies have reported reductions in the 

burden of injury and improvements in injury care after the 

creation of a trauma system, the study designs are weak (e.g. 

uncontrolled before-and-after studies) (Shackford 1986; Atkin 

2005). Further-more, the relatively successful trauma systems 

in the USA have not been widely replicated in other regions 

(West 1983; Guss 1989; Mullins 1994), particularly in LMICs 

(Nicholl 1997). The lack of support for trauma system 

development in LMICs may be, in part, due to the lack of 

evidence for their effectiveness in low-resource settings. 
 
Because of the large burden of trauma globally and high cost of 

resources for establishing trauma systems, it is important to assess their 

effectiveness with quality evidence. Doing so is particularly important 

for LMICs given the greater burden of trauma and crit-ical financial 

restraints. A quality evaluation of trauma system ef-fectiveness is 

likely to inform health policy and resource allocation decisions, and 

ultimately lead to improved care for the injured. 

 
 

 

OBJECTIVES 
 
To assess the effects of organised trauma systems and designated 

trauma centres for improving outcomes in injured patients, specif-

ically patient outcomes and adverse effects or harms. 
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METHODS 
 

 

Criteria for considering studies for this review 
 

 

Types of studies 
 
We will include the following types of studies.  

• Randomised trials.  
• Non-randomised trials with at least two intervention 

sites and two control sites.  
• Controlled before-after studies that have at least 

two intervention and two control sites.  
• Interrupted time series studies that have a defined point 

of time when the intervention occurred and must have a 

minimum of three points before and after the intervention. 
 

 
Types of participants 

 
We will include healthcare professionals providing care to 

patients who suffer major trauma (e.g. Injury Severity Score ≥ 

15). We will exclude studies that include patients who 

predominantly suf-fer fragility fractures and those who have 

not been admitted to hospital. 

 

 
Types of interventions 

 
The intervention of interest will be the establishment of an 

organ-ised trauma system compared to non-trauma system care 

(current normal standard care for most LMICs). An organised 

trauma sys-tem is defined as a pre-planned approach to the 

provision of the spectrum of trauma services, including but not 

limited to, injury prevention and control initiatives, timely 

transport from the scene of the injury to the trauma care facility, 

availability of trauma care providers and services when needed, 

and rehabilitation (WHO 2013). 

 

 
Types of outcome measures 

 

 
Primary outcomes 

 
• Patient outcomes (health outcomes, such as, 

mortality, morbidity, and recovery)  
• Adverse effects or harms  

◦ Clinical, monitoring, or medication errors  
◦ Delays in standards of trauma care  
◦ Specific clinical adverse effects, such as sepsis, 

hospital-acquired or healthcare-associated infections, or 

surgical complications  

 
Secondary outcomes 

 
• Utilisation and access  

◦ Utilisation of services. It is expected that more 

seriously injured patients will be delivered to higher level 

trauma centres (level I and II) in a more timely fashion and 

with greater survival in trauma systems than in non-trauma 

systems. Utilisation of service indicators will include: 
 

⋄ volume of trauma patients brought to the 
appropriate trauma centre 

⋄  bed occupancy 
 

⋄ length of hospital stay (including length of 
stay in intensive care unit) 

⋄  appropriate trauma procedures performed 
 

◦ Access to services. This includes timely transporting of 

the severely injured to appropriate care, and it will depend on 

other services, such as ambulance services, availability of 

appropriate trauma care providers and services (e.g. trauma 

surgical services, intensive care, blood bank services). We will 

measure access to services using indicators such as: 
 

⋄ patients’ waiting time to access trauma 
services ⋄ injury-appropriate service time  
⋄  ambulance service call volume, etc. 

 
◦ Social outcomes (e.g. community participation 

or uptake in injury prevention and control initiatives); 

examples include:  
⋄ training lay persons to provide pre-hospital 

care in low- and middle-income countries (LMICs) 

⋄  bystander care educational programmes 
 

⋄ law enforcement for traffic offenders at 
the community level  

• Quality of care provided  
◦ Adherence to standards of trauma care with tangible 

patient benefit (e.g. trauma care audit filters proposed by the 

American College of Surgeons or other groups) (Willis 2008; 

Juillard 2009; Shafi 2009; ACS 2014; Stewart 2016) 

• Equity  
◦ Timely access to trauma care and differential effects of 

outcomes across advantaged and disadvantaged populations  
• Knowledge  

◦ Population knowledge regarding injury prevention  
◦ Healthcare provider knowledge or skill 

regarding standards of injury care, performance in 

trauma moulage scenarios 
 

 

Outcomes involving system organisation in trauma need to be 

measured over a long period (10 to 16 years) (Mock 2004). 

How-ever, other outcomes may be measured over a shorter 

time horizon (a few months to a few years) (Cole 2016).  
Reporting of the outcomes listed here will not be an inclusion 

criterion for the review and we will include studies regardless 

of the assessed outcomes. 
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Search methods for identification of studies 
 
We will conduct the searches with the advice and assistance of 

the Cochrane Effective Practice and Organisation of Care 

(EPOC) Group. We will not impose any restrictions on 

publication status, language, or country of publication. 

 
 
Electronic searches 

 
The Cochrane EPOC Group Information Specialist will develop 

the search strategies in consultation with the review authors. We 

will search the Cochrane Database of Systematic Reviews 

(CDSR) and the Database of Abstracts of Reviews of Effects 

(DARE) for primary studies included in related systematic 

reviews. We will search the following databases (from inception).  
• Cochrane Central Register of Controlled Trials 

(CENTRAL), including the Cochrane EPOC 

Group’s Specialised Register.  
• MEDLINE (from 1946) In-Process and other non-

indexed citations, OvidSP.  
• Embase (from 1974), OvidSP.  
• Cumulative Index to Nursing and Allied Health 

Literature (CINAHL) (from 1980), EbscoHost.  
• Directory of Online African Journals (DOAJ). 

 
We will use two methodology search filters to limit retrieval to 

appropriate study designs: a modified version of the Cochrane 

Highly Sensitive Search Strategy (sensitivity-and precision-max-

imising version-2008 revision; Lefebvre 2011) to identify ran-

domised trials (Higgins 2011), and a Cochrane EPOC Group 

methodology filter to identify non-randomised trial designs. 

 
 
Searching other resources 

 

 
Grey literature 

 
We will conduct a grey literature search to identify studies not 

indexed in the databases listed above; sources will include the 

sites listed below. We will document any additional sources in 

the review.  
• OpenGrey (www.opengrey.eu).  
• Grey Literature Report (New York Academy of 

Medicine; www.greylit.org). 
 

 
Trial registries 

 
◦ National Health Service-Economic Evaluation 

Database (NHS EED) for identifying studies that meet the 

study design. 
 
We will also perform the following.  

• We will review reference lists of all included 
studies, relevant systematic reviews/primary studies.  

• We aim to contact authors of relevant studies/reviews 

to clarify reported published information and to seek 

unpublished results/data.  
• We will contact researchers with expertise relevant to 

the review topic/EPOC interventions.  
• We aim to conduct cited reference searches for all included 

studies in ISI Web of Knowledge; and screen individual journals 

and conference proceedings (e.g. handsearch). 

 
We will also cross-check the references of included studies and 
relevant systematic reviews.  
We will provide appendices for all strategies used, including a list of 

sources screened and relevant reviews/primary studies reviewed. 

 

 

Data collection and analysis 
 

 

Selection of studies 
 
We will download all titles and abstracts retrieved by electronic 

searching to a reference management database and remove dupli-

cates. Two review authors (MM and BS) will independently screen 

titles and abstracts for inclusion. We will code all the potentially 

eligible studies as either ’retrieve’ (eligible or potentially eligible/ 

unclear) or ’do not retrieve’. We will retrieve the full-text study 

reports/publications. Two review authors (MM and BS) will inde-

pendently screen the full-text articles and identify studies for inclu-

sion. We will identify and record reasons for exclusion of the ineli-

gible studies. We will resolve any disagreement through discussion 

or, if required, we will consult a third review author (TH). We will 

list excluded studies with reasons for exclusion in the ’Character-

istics of excluded studies’ tables. We will collate multiple reports 

of the same study so that each study, rather than each report, is the 

unit of interest in the review. In addition, we will provide any 

information we can obtain about ongoing studies. We will record 

the selection process in sufficient detail to complete a PRISMA 

flow diagram (Liberati 2009), and a ’Characteristics of excluded 

studies’ tables. 

 
• World Health Organization (WHO) International Clinical 

Trials Registry Platform (ICTRP) (www.who.int/ictrp/en). 
 

• ClinicalTrials.gov, the US National Institutes of 
Health (NIH) (clinicaltrials.gov).  

• Health economic studies database 

 

Data extraction and management 
 
We will use a standard data collection form adapted from the Cochrane 

EPOC Group for extracting study characteristics and outcome data 

(EPOC 2013a). Two review authors (MM and BS) will independently 

extract the following study characteristics from 
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included studies and transfer the information into Review 
Man-ager 5 (RevMan 5) (RevMan 2014).  

• Methods: study design, number of study centres and 

location, study setting, withdrawals, date of study, and follow-up  
• Participants: number, mean age, age-range, gender, 

severity of condition, diagnostic criteria, inclusion criteria, 

exclusion criteria, and other relevant characteristics  
• Interventions: intervention components, comparison, 

and fidelity assessment  
◦ We will use the template for intervention 

description and replication (TIDieR) criteria to asses 

completeness of reporting interventions (Hoffman 2014); we 

will use the following criteria 

⋄  Brief name of the intervention 
 

⋄ Description of rationale, theory, or goal 
of essential elements to the intervention  

⋄ Description of physical or informational 
material used for the intervention  

⋄ Description of each of the procedures, 

activities or processes used in the intervention, including 

enabling or supporting activities  
⋄  Description of providers (background, expertise,  

training)  
⋄ Mode of delivery of the intervention (face-

to-face, by telephone, internet)  
⋄ Description of location(s) infrastructure 

or relevant features of where intervention occurred  
⋄ Description of: frequency, intensity, duration 

of the intervention  
⋄ If intervention is tailored or adapted, 

describe why, when, and how 

⋄  If intervention was modified, description of the  
changes  

⋄ How well was their intervention planned (if 

fidelity or adherence was assessed describe how, by who, 

and if strategies for maintaining fidelity were employed) 
 

⋄ How well was the intervention actually carried 

out, description of how the intervention adhered to the plan 
 

• Outcomes: main and other outcomes specified 
and collected, and time points reported  

◦ For economic outcome of studies focusing on 

resource utilisation only, we will use the guidance provided 

by the Cochrane and Campbell Economic Methods Group ( 

methods.cochrane.org/economics), that includes the following 

selected criteria 
 

⋄ Is the chosen time horizon appropriate to 
include relevant costs and consequences?  

⋄ Is the actual perspective chosen appropriate? ⋄ 
Are all important and relevant costs for each  

alternative identified?  
⋄  Are all costs measured appropriately in physical  

units? 

 
⋄ Are all important variables, whose values are 

uncertain, appropriately subjected to sensitivity analysis?  
⋄  Do the conclusions follow from the data  

reported?  
⋄ Does the study discuss the generalisability of 

the results to other settings and patient/client groups?  
⋄ Does the article indicate that there is no potential 

conflict of interest of study researcher(s) and funder(s)?  
⋄ Are ethical and distributional issues 

discussed appropriately?  
• Notes: funding for trials, notable conflicts of interest of 

trial authors, and ethical approval 
 
Two review authors (MM and BS) will independently extract out-

come data from included studies. We will note in the ’Character-

istics of included studies’ tables if outcome data were reported in 

an unusable way. We will resolve disagreements by consensus or 

by involving a third review author (TH). 

 

Assessment of risk of bias in included studies 
 
Two review authors (MM and BS) will independently assess risk 

of bias for each study using the criteria outlined in the Cochrane 

Handbook for Systematic Reviews of Interventions (Higgins 2011), 

and the guidance from the Cochrane EPOC Group (EPOC 2013b). 

We will resolve any disagreement by discussion or by in-volving a 

third review author (TH). We will assess the risk of bias according 

to the following domains. 
 
For randomised trials, non-randomised trials, and controlled 
be-fore-after studies, we will assess the following domains.  

• Random sequence generation.  
• Allocation concealment.  
• Blinding of participants and personnel.  
• Blinding of outcome assessment.  
• Incomplete outcome data.  
• Selective outcome reporting.  
• Baseline outcomes measurement.  
• Baseline characteristics.  
• Other bias. 

 
For interrupted time series studies, we will assess the following.  

• If the intervention is independent of other changes.  
• If the shape of the intervention effect is prespecified.  
• If the intervention is unlikely to affect data collection.  
• If knowledge of the intervention is adequately prevented.  
• If incomplete outcome data are adequately addressed.  
• If the study is free from selective outcome reporting.  
• If the study is free from other risks of bias. 

 
We will judge each potential source of bias as either high, low, or 

unclear and provide a quote from the study report together with a 

justification for our judgment in the ’Risk of bias’ table. We will 

summarise the ’Risk of bias’ judgements across different studies for 

each of the domains listed. We will consider blinding separately 
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for different key outcomes, where necessary. Where information 

on risk of bias relates to unpublished data or correspondence with 

a trial author, we will note this in the ’Risk of bias’ table. When 

considering treatment effects, we will take into account the risk of 

bias for the studies that contribute to that outcome. 

 

Measures of treatment effect 
 

We will estimate the effect of the intervention using the following.  
• Risk ratios (RRs), adjusting for baseline differences for  

dichotomous data, together with the appropriate associated 
95% confidence interval (CI).  

• Mean difference (MD) or standardised mean difference 

(SMD) for continuous data, together with the 95% CI. 
 
Where appropriate, measurement of treatment effect will use 

the same scale (i.e. quality of life, disability scales). We will 

ensure that an increase in scores for continuous outcomes can 

be interpreted in the same way for each outcome, explain the 

direction to the reader, and report where the directions were 

reversed, if this was necessary. 

 
 

Measurement of treatment effect for cluster-randomised trials, 

randomised trials, and controlled before-after studies 
 
We will extract the intervention effect estimate reported for 

out-comes in the included studies along with the P value, 95% 

CI, and the method used in their calculation. For dichotomous 

outcomes we will use RRs, and for continuous outcomes we 

will use SMDs. Ratios greater than 1 and differences greater 

than 0 between the control and intervention groups will 

represent benefit for the in-tervention group. 

 
 

Measurement of treatment effect for interrupted time 

series studies 
 
For interrupted time series studies, we will either use a regres-sion 

analysis with time trends before and after the intervention, adjusted 

for autocorrelation and any periodic changes, or auto-regressive 

integrated moving average (ARIMA) analysis. We will report 

outcome results as changes in level and slope. If analysis or 

reporting is not appropriate, we will re-analyse according to the 

recommendation given in the Cochrane EPOC Group guideline 

(Ramsay 2003; EPOC 2013c). 

 

Unit of analysis issues 
 

We will perform analysis at the same level as the allocation for the 

intervention and control group to avoid unit of analysis errors. For 

clustering designs, such as cluster-randomised trials, we will perform 

analysis, adjusting for clustering. We will extract and re-analyse results 

not adjusted for clustering. If we find a unit of anal-ysis error, and there 

is insufficient information to allow re-analy-sis, we will contact the 

original study authors to obtain necessary 
 

 
information; if we are unsuccessful, we will not report the CI 

and P value, and we will describe the incident as a ’unit of 

analysis error’. 
 
 
Dealing with missing data 
 
We will state missing data on the collection and extraction form; if 

data are missing at random, we will ignore their absence and per-

form analysis. If data are not missing at random, we will contact 

the original study authors for additional information; if unsuc-

cessful, we will perform a sensitivity analysis to detect the impact 

of missing data (Higgins 2011). 

 

Assessment of heterogeneity 
 
We will investigate heterogeneity by visual inspection of forest 

plots and the Chi
2
 test. Where there is no substantial 

heterogeneity (I
2
 statistic is less than 50%) we will perform a 

meta-analysis ( Higgins 2011). If we identify substantial 
heterogeneity and if there are an adequate number of included 
studies (more than 10), we will perform subgroup analyses for 
prespecified subgroups that are either of the following.  

• High-income country (HIC) settings and low- and 
middle-income country (LMIC) settings.  

• Adult trauma patients and paediatric trauma patients. 
 
 
Assessment of reporting biases 
 
We will assess reporting bias by performing the following.  

• We will compare the outcome of studies plotted in a 
matrix for indicating unreported outcomes.  

• We will search protocols, abstracts, or trial registries in 

databases, such as PubMed, and compare listed outcomes 

with the reported ones in the related published studies. 
 

• We will compare the methods with result sections 
of published studies to detected unreported outcomes. 
 
We will contact primary authors to supply the missing informa-

tion, and if unsuccessful, we will perform a sensitivity analysis 

(Higgins 2011). 

 
 
Data synthesis 
 
We will pool data from studies we judge to be clinically homoge-

neous using RevMan 5 (RevMan 2014). We will undertake meta-

analyses only when this is meaningful, i.e. if the treatments, par-

ticipants, and the underlying clinical question are similar enough 

for pooling to make sense. When we encounter skewed data we 

will note that the data are skewed and consider the implication of 

this. Where multiple trial arms are reported in a single trial, we will 

include only the relevant arms. If two comparisons must be entered 

into the same meta-analysis, we will halve the control group to 

avoid double-counting. 

 
Organised trauma systems and designated trauma centres for improving outcomes in injured patients (Protocol) 6 

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.  

 



22 
 

 

We do not plan to conduct a full economic analysis given the 

marked variation in studies we will uncover and the inherent risk 

of significant heterogeneity. Therefore, in accordance with 

Cochrane guidelines, we will provide a narrative summary of 

economic re-sults instead of performing pooled analyses. 

 
 

 

’Summary of findings’ table 
 
We will assess the certainty of evidence across multiple studies 

with similar interventions and outcomes using the GRADE 

approach, as described in the Cochrane EPOC Group worksheet 

for prepar-ing ’Summary of findings’ tables (EPOC 2013d). We 

will rate the certainty of evidence as follows (EPOC 2016).  
• High-certainty of evidence: this research provides a very 

good indication of the likely effect. The likelihood that the 

effect will be substantially different is low.  
• Moderate-certainty of evidence: this research provides a 

good indication of the likely effect. The likelihood that the 

effect will be substantially different is moderate.  
• Low-certainty of evidence: this research provides some  

indication of the likely effect. However, the likelihood that it 
will be substantially different is high.  

• Very low-certainty of evidence: this research does not 

provide a reliable indication of the likely effect. The likelihood 

that the effect will be substantially different is very high. 

 
We will create a ’Summary of findings’ table using the following 

outcomes: patient outcomes, adverse effects, utilisation of services, 

access to services, quality of care provided, and knowledge.  
Two review authors will independently assess the certainty of the 

evidence (high, moderate, low, and very low) using the five GRADE 

considerations (study limitations, consistency of effect, imprecision, 

indirectness, and publication bias) as it relates to the main outcomes 

(Guyatt 2008; EPOC 2013d). We will use meth-ods and 

recommendations described in Section 8.5 and Chapter 12 of the 

Cochrane Handbook for Systematic Reviews of Interventions (Higgins 

2011), the Cochrane EPOC Group worksheets (EPOC 2013d), and 

GRADEpro software (GRADEpro GDT 2014). We will justify all 

decisions to downgrade or upgrade the quality of the included studies 

using footnotes and make comments to aid readers’ understanding of 

the review where necessary. We will con-sider whether there is any 

additional outcome information that we are unable to incorporate into 

meta-analyses, will note this in the comments, and will state if it 

supports or contradicts the in-formation from the meta-analyses. If it is 

not possible to meta-analyse the data we will present results in a 

narrative ’Summary of findings’ table format (EPOC 2013d). 
 

 

Subgroup analysis and investigation of heterogeneity We 

plan to carry out the following subgroup analyses. 

• HIC settings and LMIC settings.  
• Adult trauma patients and paediatric trauma patients. 

 

The rationale for the first subgroup analysis is that HIC settings 

and LMIC settings differ in both human and physical resources. 

Such differences will almost certainly result in heterogeneity 

and require separate analyses. 
 
The rationale for the second subgroup analysis is that patients 

of different ages have particular needs, and therefore require 

different resources, and this may lead to different outcomes.  
For both subgroup analyses, we will assess the following.  

• Patient outcomes  
• Adverse effects or harms 

 

We will apply a test of interaction to assess statistically 
significant differences between subgroups. 
 

 

Sensitivity analysis 
 

We will perform sensitivity analyses by employing multiple 

impu-tation methods (Higgins 2011), when the following occur. 
 

• There are ’data missing not at random’, and if efforts 

to obtain additional information from primary study 

authors are unsuccessful.  
• If there are studies with high risk of bias included.  
• When we have performed re-analysis (i.e. in a cluster-

randomised trial where the intracluster correlation coefficient was 

not considered initially) for checking the stability of our results. 
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APPENDICES 
 

 

Appendix 1. Description and inclusion criteria for study designs  
 
 

 

Study designs included in Cochrane EPOC reviews  
 

Suggested terms Notes Definition  Exclusions 
      

 
Randomised trial Instead  of  randomised  con- 

 trolled  trial, which is redun- 

 dant.  

 
 

An experimental study in which Studies with only one interven- 

people are allocated to differ- tion or control site. 

ent interventions using meth- We recommend only including 

ods that are random cluster randomised trials, non- 

 randomised cluster trials, and  
controlled before-after studies  
with at least two intervention  
sites and two control sites  
In studies with only one inter-  
vention or control site, the in-  
tervention (or comparison) is  
completely confounded by the  
study site, making it difficult  
to attribute any observed differ-  
ences to the intervention rather  
than to other site-specific vari-  
ables  

 
Non-randomised trial Instead  of  controlled clinical 

 trial. EPOC reviews do not in- 

 clude clinical trials (and ran- 

 domised  trials  are  also  con-  
trolled clinical trials). Also in-  
stead of ’quasi-randomised con-  
trolled trials’, which is used to  
mean different things by differ-  
ent authors  

 
 

An experimental study in which We recommend only including 

people are allocated to differ- controlled before-after studies 

ent interventions using meth- with at least two intervention 

ods that are not random sites and two control sites  

 
Controlled before-after study Instead  of  controlled  before- A study in which observations 

 and-after. are made before and after the 

  implementation of an interven- 

  tion, both in a group that re- 

  ceives the intervention and in a 

  control group that does not  

 
We recommend only including 

controlled before-after studies 

with at least two intervention 

sites and two control sites 

Studies in which data collec-

tion is not contemporaneous in 

study and control sites during 

the pre- and post-intervention 

periods of the study and/or 

does not use identical methods 

of measurement 
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(Continued)  
 

 

Interrupted time series study Use ’study’ instead of ’design’ or 

 ’analysis’.  

 
 
 
 
 
A study that uses observations 

at multiple time points before 

and after an intervention (the 

’interruption’). The design at-

tempts to detect whether the in-

tervention has had an effect sig-

nificantly greater than any un-

derlying trend over time  

 
 
 
 
 
Studies that do not have a 

clearly defined point in time 

when the intervention oc-

curred, and at least three data 

points before and three after 

the intervention  

 
Repeated measures study Not in the EPOC checklist. 

 
An interrupted time series study Not applicable.  
where measurements are made  
in the same individuals at each  
time point  

 

 

Appendix 2. Search strategies 
 
This is the proposed MEDLINE search strategy (EPOC 2013a); we will adjust the strategy, as appropriate, for other databases.  

 
 

 
1. ((plan* or develop* or institution or institute? or organi#ation* or organi#e* or designat* or stipulat* or dedicat* or 
implement*) adj2 (trauma* or polytrauma*)).ti,ab 

 

2. ((polytrauma* or trauma*) adj2 (system? or network?)).ti,ab 

 

3. traumatology/og 

 

4. (trauma* or polytrauma*).ti,ab. 

 

5. Regional Medical Programs/ 

 

6. 4 and 5 

 

7. ((impact* or effect* or evaluat* or implement* or develop* or assess* or outcome* or centrali#ation or centrali#ed or 
regionali# ation or regionali#ed) adj5 (trauma centre* or trauma center* or trauma service? or trauma care)).ti,ab 

 

8. trauma centers/og 

 

9. or/1-3,6-8 

 

10. randomized controlled trial.pt. 

 

11. controlled clinical trial.pt. 

 

12. multicenter study.pt. 

 

13. pragmatic clinical trial.pt.  
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(Continued)  
 

 

14. (randomis* or randomiz* or randomly).ti,ab. 

 

15. groups.ab. 

 

16. (trial or multicenter or multi center or multicentre or multi centre).ti 

 

17. (intervention? or effect? or impact? or controlled or control group? or (before adj5 after) or (pre adj5 post) or ((pretest or 

pre test) and (posttest or post test)) or quasiexperiment* or quasi experiment* or pseudo experiment* or pseudoexperiment* or 

evaluat* or time series or time point? or repeated measur*).ti,ab 

 

18. non-randomized controlled trials as topic/ 

 

19. interrupted time series analysis/ 

 

20. controlled before-after studies/ 

 

21. or/10-20 

 

22. exp animals/ 

 

23. humans/ 

 

24. 22 not (22 and 23) 

 

25. review.pt. 

 

26. meta analysis.pt. 

 

27. news.pt. 

 

28. comment.pt. 

 

29. editorial.pt. 

 

30. cochrane database of systematic reviews.jn. 

 

31. comment on.cm. 

 

32. (systematic review or literature review).ti. 

 

33. or/24-32 

 

34. 21 not 33 

 

35. 9 and 34  
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control sites, CBA studies with at least two intervention and two control sites, and ITS studies with a defined point 
of time when the intervention occurred and a minimum of three points before and after the intervention. There 
were no restrictions on publication status, language, or country of publication. 
Data collection and analysis  
We used standard methodological procedures expected by Cochrane. Given the substantial heterogeneity of 
reports and outcome measures, we did not undertake a meta-analysis. 
Main results  
There were five ITS studies with 314,302 patients: three reports evaluated trauma system and two evaluated 
designated trauma centres. Two reports were from the US, two from the UK, and one from Norway. 
Regionalisation of trauma system 
Mortality: One report showed reduced mortality:20,357 participants,3-year relative effect -30%, change in slope 
(CI) -0.1 (-0.5.26,0.326); change in level (CI) -2.017 (-3.169,-0.864). Another study with two subgroups showed 
improved survival rate, authors reported change in level (+0.133%, P=0.678), and a change in slope (+0.07%, P = 
0.006) in the overall trauma system group (248,234 participants); and in constant submitters group (110,863 
participants) they reported change in level (+0.133%, P=0.678), and a change in slope (+0.08%, P = 0.023). The 
third study did not report mortality benefit:19,820 participants, 6-month relative effect 326%, change in slope (CI) 
16.5 (-2.782, 35.782), change in level (CI) 98 (-2.809, 198.809).The certainty of evidence was low. 
Morbidity: One study reported increased patients who attained 'good recovery': 19,820 participants, 6-month 
relative effect 8276%, change in slope 350.61 (105.44, 595.88), change in level 413 (-179.63, 1007.3). However 
the certainty of evidence was very low. 
Utilisation of services: One report(19,820 participants) with two outcomes, showed reduced length of hospital 
stay: 6-month relative effect -24%, change in slope (CI) 0 (-1.75, 1.75), change in level -5.33 (-14.51, 3.85); and 
reduced length of intensive care stay: 6-month relative effect -18.182%, change of slope (CI) 0.5 (-0.74, 1.74), 
change in level -2 (-8.49, 4.49). Certainty of evidence was very low. 
No studies reported adverse effect or harms, access to services, or quality of care provided. 
Designation of trauma centres 
Mortality: One study (7,247 participants) reported reduced mortality: relative effect -41.98%, change in slope (CI): 
-0.512(-2.256, 1.231), change level (CI) -3.595(-11.262, 4.072).The second study(18,644 participants) also 
reported reduced mortality: adults relative effect -67.13%, Change in slope 2.06 (10.25 to 29.6), change in level -
17.52 (-42.27 to 7.23); paediatric relative effect -83.60%, change in slope -1.12 (-3.04 to 0.8), change in level -
18.56 (-30.114 to -7,006). The certainty of evidence was moderate. 
No studies reported morbidity, adverse effect or harms, utilisation of services, access to services, or quality of 
care provided. 
Authors' conclusions  
Regarding trauma system, there was low certainty evidence on reduction of mortality; and very low certainty 
evidence on reduction of morbidity, and on improved utilisation of services. Regarding trauma centres, there was 
moderate certainty evidence on reduction of mortality. 
Plain language summary  
Can healthcare networks designed to treat injured patients and specialist hospitals improve outcomes for 
injured patients? 
  
Summary text  
What is the aim of this review? 
The review investigated the influence of two interventions: (1) setting up a treatment network for injured patients 
known as a trauma system and (2) specifying that certain hospitals should work as specialist trauma centres. We 
planned to investigate usefulness of these interventions on death, recovery from injury(morbidity), harms, 
community use of healthcare services, access to healthcare services, and quality of care provided (i.e. adherence 
to standard injury care). 
Key message 
The evidence regarding these interventions ranged from moderate to very low certainty and was based on a few 
reports.  
We found a low certainty evidence that trauma systems reduce deaths. We found very low certainty evidence on 
usefulness of trauma system in improving recovery from injury, and on improving the use of healthcare services. 
We found moderate certainty evidence on usefulness of trauma centres in reducing deaths, showing probably it 
reduce deaths. 
We did not find studies reporting impact of trauma system or trauma centres on: harms, access to services, or 
quality of care provided. 
What was studied in the review? 
The review studied how trauma systems and trauma centres benefit patients in low-middle-income countries 
(LMICs) and high-income countries (HICs). The study compared trauma systems and trauma centres to the usual 
care (the care not provided under trauma systems or trauma centres). The comparison assessed influence of the 
type of care chosen on: death; recovery from injury; harm; use of services; access to service; and quality of care. 
What are the main results of the review? 
We found five reports that included data from 314,302 patients. Three reports assessed trauma system and two 
assessed designated trauma centres. All reports were from HICs: two from the USA, two from the UK and one 
from Norway. There were no reports from LMICs. 
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Reports showed a low certainty evidence that setting up a trauma system would reduce the number of deaths. 
There were no evidence proving any effect of trauma system on patients' recovery from injury, or on the use of 
services with regards to the injury care. 
The reports on effect of trauma centre showed that probably it reduces death in injured patients. 
How up to date is this review 
Review authors searched for studies that have been published up to 14 November 2018. 
Background  
Description of the condition  
Trauma describes a spectrum of physical injuries that arise from mechanisms as varied as low-energy falls, road 
traffic collisions, weapons, and burns. It is often categorised as intentional (e.g. suicide attempt, assault) or 
unintentional and blunt (e.g. fall) or penetrating (e.g. gunshot wound). Traumatic injuries can range from minor 
(e.g. ankle sprain) to un survivable (e.g. decapitation). 
Almost five million people die from injury worldwide every year (Mock 2015) which is just the tip of the iceberg as 
many millions more people each year are non-fatally injured. Trauma is estimated to account for the loss of 180 
million disability-adjusted life years annually (Mathers 2004). Ninety per cent of the burden occurs in low-middle-
income countries (LMICs) (WHO 2013). Road traffic injuries result in an overall economic loss of US$ 167.8 billion 
worldwide (Dalal 2013). In response, trauma care has evolved over a number of decades, and has led to the 
development of organised trauma systems in many healthcare jurisdictions (Mullins 1999; Nijs 2003). There is 
emerging evidence that such systems may be effective in reducing the burden from trauma and they are rapidly 
becoming the accepted standard in many high income countries (HICs) (Shackford 1986; Mullins 1994; Nicholl 
1997; Atkin 2005; Moore 2015). 
Despite LMICs carrying the greatest trauma burden (WHO 2013; Hardcastle 2013a; Hardcastle 2013b), few have 
adopted a formal trauma system. The World Health Organization (WHO) has recommended developing resource-
appropriate trauma systems, as described in their guideline documents, 'Prehospital Trauma Care Systems' and 
'Guidelines for Essential Trauma Care' (Mock 2004; Sasser 2005). Further recommendations are based on 
feasibility of care considering resource limitations, pre-hospital capabilities, and structural challenges in LMICs 
(e.g., poor road infrastructure) (Hardcastle 2013a). Improvements in the planning and organisation of human and 
physical resources and institution of systemised trauma care may improve outcomes for injured patients, 
especially where these services are poor or non-existent (Calvello 2013). However, the quality of evidence used 
for evaluating these systems remains insufficient. 
Description of the intervention  
Organised trauma systems are a planned approach to the provision of trauma care (i.e. pre-hospital care, 
emergency care, surgical care, critical and acute care, rehabilitation). An organised trauma system stipulates how 
and when patients are moved to and between providers, who provides care, where it is provided, when it is to be 
available, and how the costs are recovered. Additionally, organised trauma systems oversee education and 
training, research, injury prevention and advocacy initiatives. 
Organised trauma systems triage patients to the most appropriate level of care according to their needs. Trauma 
systems may be centralised within a specified geographical area (i.e. regionalised) to facilitate coordinated 
transport. Pre-hospital care is made up of a communication system, initial medical services at the area of injury 
occurrence, and patient transport services (i.e. ambulance services), and includes necessary medical treatment 
during transportation. Emergency, surgical, critical and acute care is provided by hospitals designated at a 
specified level of trauma care on the basis of trauma volume, range of available services, staffing requirements, 
educational/research priorities, and support of injury prevention initiatives. For example, one categorisation might 
require that level I centres offer a comprehensive range of clinical services immediately available on one site as 
well as providing leadership in teaching, research, and injury prevention and control. Level II centres would be 
able to initiate definitive care for all injuries but with a lesser capacity in research and certain services compared 
to level I. Level III centres would provide assessment, stabilisation, and basic emergency operations. Level IV 
centres would provide basic trauma life support (Mock 2004; Hardcastle 2011; ACS 2014). Additionally, an 
organised trauma system often includes programmes that support injury prevention initiatives, such as the 
promotion of helmet-wearing among cyclists, appropriate seat belt use, education against alcohol and other illicit 
substance use among drivers and cyclists, and firearm safety. Other preventive measures may involve necessary 
changes in legislation and engineering designs for cars and roads (Rivara 1997; Mock 2001; ACS 2014). 
How the intervention might work  
An organised trauma system may improve the outcome of severely injured patients by identifying those who 
require coordinated and multidisciplinary care and promptly transporting them to an appropriate level of care. This 
system creates high levels of skills and expertise among providers through high patient volume and concentration 
of resources. As such, trauma systems may lead to better utilisation of resources. Regionalised trauma systems 
and trauma centres provide leadership and organisation of trauma care to the designated population (Cole 2016). 
Trauma systems often support injury prevention programmes that may reduce the burden of injury. Trauma 
systems may also reduce barriers to care, improve the quality of care provided, use resources more efficiently, 
strengthen the trauma provider workforce by offering technical support to lower levels of care (e.g., level III and 
IV), offer a coordinated referral mechanism within the system, and improve community health. However, 
centralisation of healthcare systems may de-skill lower facilities and delay patient treatment (Atkinson 2004). 
Trauma system centralisation may minimise delays by offering appropriate treatment at the scene and fast 
transportation, while continuing necessary treatment. However, models of trauma systems available in HICs are 
costly and may adversely affect healthcare provision for other services in LMICs (Mock 2004). 
Why it is important to do this review  
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Although several studies have reported reductions in the burden of injury and improvements in injury care after 
the creation of a trauma system, the study designs are weak (e.g. uncontrolled before-and-after studies) 
(Shackford 1986; Atkin 2005). Furthermore, the relatively successful trauma systems in the USA have not been 
widely replicated in other regions (Guss1989; Mullins 1994; Nicholl 1997). The lack of support for trauma system 
development in LMICs may be, in part, due to the lack of evidence for their effectiveness in low resource settings. 
Because of the large burden of trauma globally and high cost of resources for establishing trauma systems, it is 
important to assess their effectiveness using high quality evidence. Doing so is particularly important for LMICs 
given the greater burden of trauma and critical financial restraints. A quality evaluation of trauma system 
effectiveness is likely to inform health policy and resource allocation decisions, and ultimately lead to improved 
care for injured patients. 
Objectives  
To assess the effects of organised trauma systems and designated trauma centres (compared to the usual care) 
on outcomes of injured patients in both LMICs and in HICs. Specifically, to assess effects on: patient’s outcomes 
(e.g. mortality, morbidity adverse effects or harms); utilisation of services (including economic outcomes); access 
to services, and quality of care provided. 
Methods  
Criteria for considering studies for this review  
Types of studies  
We planned to include the following study designs: 

• Randomised trials (RTs) and non-randomised trials (NRTs) with at least two intervention sites and two 
control sites 

• Controlled-before-after (CBA) studies that have at least two intervention and two control sites 

• Interrupted time series (ITS) studies that have a defined point of time when the intervention occurred 
and have a minimum of three points before and after the intervention 

There were no restrictions on publication status, language, or country of publication. 
Types of participants  
We had planned to include patients with injury severity scores (ISS) of >15. However, a post-hoc decision was 
made to change ISS inclusion threshold to >9 in order to capture additional studies. We had planned to include 
healthcare professionals providing care to injured patients but this did not prove possible because of a lack of 
studies. 
Types of interventions  
The interventions of interest was: the establishment of an organised trauma system and designated trauma 
centres compared to non-trauma system care, or no-trauma centre care (i.e. current normal standard care for 
most LMICs). An organised trauma system was defined as a pre-planned approach to the provision of the 
spectrum of trauma services, including but not limited to, injury prevention initiatives, timely transport from the 
scene of the injury to the trauma care facility(trauma centre), availability of trauma care providers and services 
when needed, and rehabilitation. Trauma systems requires a presence of trauma centres which are specialised 
injury care hospitals often categorised in levels I- IV according to their service capacities (Jurkovich 1999; ACS 
2014). 
Types of outcome measures  
Primary outcomes  
We planned to assess the following outcomes: 

• Patient outcomes 
o Mortality 
o Morbidity 

• Adverse effects or harms 
o Clinical, monitoring, or medication errors 
o Delays in standards of trauma care 

o Specific clinical adverse effects, such as sepsis, hospital-acquired or healthcare-
associated infections, or surgical complications 

Secondary outcomes  

• Utilisation of services  

o Utilisation of services (e.g. volume of trauma patients, bed occupancy, length of hospital stay, 
appropriateness of trauma procedures, and resource utilisation representing economic outcomes) 

• Access to services 
o This would include timely transporting of the severely injured to appropriate care, and depend on other 

services, such as ambulance services, availability of appropriate traumacare providers and services 
(e.g. trauma surgical services, intensive care, blood bank services). 

• Patients' waiting time to access trauma services 
o Injury-appropriate service time 
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o Ambulance service call volume, etc. 

Quality of care provided 

• Adherence to standards of trauma care with tangible patient benefit (e.g. trauma care audit filters proposed 
by the American College of Surgeons and other groups) (Willis 2008; Juillard 2009; Shafi 2009; ACS 2014; 
Stewart 2016) 

Search methods for identification of studies  
We conducted the searches with the advice and assistance of the Cochrane Effective Practice and Organisation 
of Care (EPOC) Group (Appendix 1). 
Electronic searches  
The Cochrane EPOC Group Information Specialist developed the search strategies in consultation with the review 
authors. We searched the Cochrane Database of Systematic Reviews (CDSR) and the Database of Abstracts of 
Reviews of Effects (DARE) for primary studies included in related systematic reviews. 
We searched the following databases on 14 November 2018. 

• Cochrane Central Register of Controlled Trials (CENTRAL), including the Cochrane EPOC Group's 
Specialised Register. 

• MEDLINE (from 1946) In-Process and other non‐indexed citations, OvidSP 

• Embase (from 1974), OvidSP 
We did not search Cumulative Index to Nursing and Allied Health Literature (CINAHL) (from 1980), EbscoHost 
after the expert advice from EPOC search specialist that due to its focus, CINAHL would not retrieve relevant 
results. 
We used two methodology search filters to limit retrieval to appropriate study designs: a modified version of the 
Cochrane Highly Sensitive Search Strategy (sensitivity and precision maximising version 2008 revision; Lefebvre 
2011)) to identify randomised trials (Higgins 2011), and a Cochrane EPOC Group methodology filter to identify 
non-randomised trial designs. 
Searching other resources  
Grey literature 
We conducted a grey literature search to identify studies not indexed in the databases listed above; sources 
included the sites listed below. 

• OpenGrey (www.opengrey.eu). 

• Grey Literature Report (New York Academy of Medicine; www.greylit.org). 
Trial registries 

• World Health Organization (WHO) International Clinical Trials Registry Platform (ICTRP) 
(www.who.int/ictrp/en). 

• ClinicalTrials.gov, the US National Institutes of Health (NIH) (clinicaltrials.gov). 

• National Health Service Economic Evaluation Database (NHS EED). 
We searched the African Online Journals website up to 1 February 2019. 
We contacted authors of relevant studies/reviews to clarify the report of published information and to seek 
unpublished results/data; we contacted researchers with expertise relevant to the review topic/EPOC 
interventions. 
We manually searched cited references in all included studies; and screened individual journals and conference 
proceedings; cross-checked references of the included studies and relevant systematic reviews. 
We have provided appendices for all strategies used, including a list of sources screened and relevant 
reviews/primary studies reviewed. 
Data collection and analysis  
Selection of studies  
We downloaded all titles and abstracts retrieved to a reference management database and removed duplicates. 
Two review authors (MM and BS) independently screened titles and abstracts for inclusion and a third (TH) 
arbitrated disagreements. We coded all potentially eligible studies as either ‘retrieve’ (i.e. eligible or potentially 
eligible) or ‘do not retrieve’. We retrieved the full-text reports for the former group. Two review authors (MM and 
TH) independently screened full-text articles and identified studies for inclusion. A third author (BS) was available 
in the event of disagreements that could not be resolved through discussion. We identified and recorded reasons 
for exclusion of the ineligible studies. 
Data extraction and management  
We used a standard data collection form adapted from the Cochrane EPOC Group for data extraction (EPOC 
2013a). Two review authors (MM and TH) independently extracted the following study characteristics: 

• Methods: study design, study centres and location, study setting, withdrawals, date of study, and 
follow-up 

• Participants: number, mean age, age-range, gender, severity of condition, diagnostic criteria, inclusion 
criteria, exclusion criteria, and other relevant characteristics 
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• Interventions: intervention components, comparison, and fidelity of the assessment 
The review authors used the template for intervention description and replication for assessing completeness of 
reporting interventions (Hoffman 2014) and have included: 

• Brief name of the intervention 

o Description of rationale, theory, or goal of essential elements to the intervention 
o Description of physical or informational material used for the intervention 
o Description of each of the procedures, activities or processes used in the intervention, including enabling 

or supporting activities 
o Description of providers (background, expertise, training) 
o Modes of delivery of the intervention (face-to-face, by telephone, Internet)  
o Description of location (s) infrastructure or relevant features of where intervention occurred 
o Description of frequency, intensity, and duration of the intervention 
o If intervention is tailored or adopted, describe why, when, and how 
o If intervention is modified, description of the changes 
o How well they planned their intervention (if they assessed fidelity or adherence, describe how, by who, 

and whether strategies for maintaining fidelity were employed) 
o How well the intervention was carried out, and the description of how the intervention adhered to the 

plan 

• Outcomes: main and other outcomes specified and collected, and time points reported 

• For economic outcomes reported by studies focusing on resource utilisation only, we planned to use the 
guidance provided by the Cochrane and Campbell Economic Methods Group (methods 
cochrane.org/economics), that includes the following selected criteria. However, we did not identify any 
studies that reported economic outcomes. 

o Is the chosen time horizon appropriate to include relevant costs and consequences? 
o Is the actual perspective chosen appropriate? 
o Are all important and relevant costs for each alternative identified? 
o Are all costs measured appropriately in physical units? 
o Are all important variables, whose values are uncertain, appropriately subjected to sensitivity 

analysis? 
o Do the conclusions follow from the data reported? 
o Does the study discuss the generalisability of the results to other settings and patient/client groups? 
o Does the article indicate that there is no potential conflict of interest of study researcher(s) and 

funder(s)? 

o Are ethical and distributional issues discussed appropriately? 

o Notes: We have provided description of funding for trials, notable conflicts of interest of trial authors, and 
ethical approval 

Assessment of risk of bias in included studies  
Two review authors (MM and TH) independently assessed the risk of bias in each study by using the criteria 
outlined in the Cochrane Handbook for Systematic Reviews of Interventions (Higgins 2011), and the guidance 
from the Cochrane EPOC Group (EPOC 2013b). A third author (BS) was available to arbitrate if necessary but all 
disagreements were resolved by discussion. 
For RTs, NRTs, and CBA studies, we assessed the risk of bias according to the following domains: 

• Random sequence generation 

• Allocation concealment 

• Blinding of participants and personnel 

• Blinding the outcome assessment 

• Incomplete outcome data 

• Selective outcome reporting 

• Baseline outcome measurement 

• Baseline characteristics 

• Other bias 
For ITS studies, we assessed the risk of bias according to the following domains: 

• If incomplete outcome data are adequately addressed 

• If the study is free from selective outcome reporting 
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• If knowledge of the intervention is adequately prevented 

• If the intervention is unlikely to affect data collection 

• If the intervention is independent of other changes 

• If the shape of the intervention effect is prespecified 

• If the study is free from other risks of bias 
We judged each potential source of bias as either high, low or unclear and provided justification for judgement on 
the risk of bias tables. We summarised our judgement on the risks of bias across different studies for each of the 
domains listed. We considered blinding for different key outcomes where necessary. Where information on the 
risk of bias was related to unpublished data or correspondence with a trial author, we noted this in the risk of bias 
table. When considering treatment effects, we took into account the risk of bias for the studies that contributed to 
that outcome. 
Measures of treatment effect  
We planned to estimate the effect of the intervention using the following. 

• Risk ratios (RRs), adjusting for baseline differences for dichotomous data, together with the appropriate 
associated 95% confidence interval (CI). 

• Mean difference (MD) or standardised mean difference (SMD) for continuous data, together with the 
95% CI. 

Where appropriate, we planned to report measurements of treatment effect using the same scale (i.e. quality of 
life, disability scales). 
Measurement of treatment effects for cluster-randomised trials(cRTs), randomised trials, and control- before-after 
studies 
We planned to extract the intervention effect estimate reported for outcomes in the included studies along with the 
P value, 95% CI, and the method used in their calculation. For dichotomous outcomes we planned to use RRs 
and, for continuous outcomes, SMDs. Ratios greater than 1 and differences greater than 0 between the control 
and intervention groups were determined a priori to represent benefit for the intervention group. However, no 
cRTs, RTs, or CBA studies were included in this review. 
Measurement of treatment effects for interrupted time series studies 
For ITS studies we reported outcome results as changes in level and slope. When analysis and reporting was not 
appropriate, we re-analysed the data using segmented regression and followed the recommendation given in the 
Cochrane EPOC Group guidelines (Ramsay 2003; EPOC 2013c). 
Unit of analysis issues  
We planned to perform analysis at the same level as the allocation of the intervention and controls to avoid unit of 
analysis errors in the studies with clustering designs. In the event of a unit of analysis error, and there being 
insufficient information to allow re‐analysis, we planned to contact the study authors for this information. If this 
was unsuccessful we planned not to report the CI and P value and simply record a 'unit of analysis error'. This 
was not necessary as none of the included studies utilised cluster designs. 
Dealing with missing data  
We planned to ignore the absence of data missing at random. When data were not missing at random, we 
contacted the study authors for additional information and used electronic methods to retrieve data from graphs 
(Huwaldt 2004). Although we planned to undertake a sensitivity analysis to estimate the impact of missing data, 
this proved unnecessary because there were insufficient studies to undertake a meta-analysis. 
Assessment of heterogeneity  
We investigated heterogeneity by visual inspection of forest plots and the Chi2 test. We had planned to perform 
subgroup analyses for the following subgroups in the event of encountering substantial heterogeneity but an 
adequate number of included studies (more than 10). However, subgroup analyses were not possible as 
insufficient studies were included in the review. Similarly, there was substantial heterogeneity (I2 statistic more 
than 50%) and so a meta-analysis was not undertaken (Higgins 2011). 

• High income countries and LMICs settings. 

• Adult and paediatric trauma patients 
Assessment of reporting biases  
We compared the outcome of studies plotted in a matrix for indicating unreported outcomes. We searched 
protocols, abstracts, and trial registries to compare listed outcomes with those reported in published studies. We 
also compared the methods with result sections of published studies to detect unreported outcomes. 
Data synthesis  
As described in Assessment of heterogeneity, meta-analysis was not performed due to excessive heterogeneity. 
We followed EPOC recommendations (EPOC 2013a) for the analysis and reporting of the ITS studies by 
presenting outcomes along two dimensions: change in level and change in slope. Change in level is an immediate 
effect of the intervention measured by the difference between the fitted value for the first post-intervention time 
point and the predicted outcome at the same point. Change in slope expresses the longer-term effects of 
intervention. Where primary studies did not report ITS analyses according to EPOC recommendation, we 
requested additional data from the primary authors and performed appropriate re-analyses. 
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We did not plan to conduct a full economic analysis given the anticipated scale of heterogeneity between studies. 
Instead, we planned to provide a narrative summary of economic results, although this was not possible as the 
included studies did not report economic outcomes. 
'Summary of findings' table 
We assessed the certainty evidence in individual studies using the GRADE approach as described in the 
Cochrane EPOC Group worksheet for preparing a summary of findings tables (EPOC 2013d). We rated certainty 
evidence based on EPOC recommendation (EPOC 2016) as described below. 

• High certainty evidence: this research provides a very good indication of the likely effect. The likelihood 
that the effect will be substantially different is low. 

• Moderate certainty evidence: this research provides a good indication of the likely effect. The likelihood 
that the effect will be substantially different is moderate. 

• Low certainty evidence: this research provides some indication of the likely effect. However, the 
likelihood that it will be substantially different is high. 

• Very low certainty evidence: this research does not provide a reliable indication of the likely effect. The 
likelihood that the effect will be substantially different is very high. 

We created a summary of finding tables and included the following outcomes: 

• Primary outcomes: patient outcomes (mortality, morbidity, and adverse effects or harm). 

• Secondary outcomes: utilisation of services, access to services, and quality of care provided.  
Two review authors evaluated the certainty of evidence (high, moderate, low, and very- low) using GRADE 
domains (risk of bias, inconsistency, indirectness, imprecision, publication bias, plausible confounding and large 
effect) as they relate to the main outcomes (Guyatt 2008; EPOC 2013d). We used methods and 
recommendations described in chapter 12 of the Cochrane Handbook (Higgins 2011), the Cochrane EPOC Group 
worksheets (EPOC 2013d), and GRADEpro software (GRADE 2015). We explained all decisions to downgrade or 
upgrade the quality of the included reports using footnotes to aid readers’ understanding of the review where 
needed. Because it was not possible to perform a meta-analysis, we presented results in a narrative summary of 
finding tables. 
Subgroup analysis and investigation of heterogeneity  
We planned to undertake subgroup analyses between HICs and LMICs settings, and between adult and 
paediatric trauma patients. We could not perform these subgroup analyses because of the limited numbers of 
primary studies, and because of substantial differences in the reported outcomes. 
Sensitivity analysis  
We had planned sensitivity analyses using multiple imputation methods under the following circumstances, 
although these were not appropriate due to the limited number of studies. 

• There are 'data missing not at random', and if efforts to obtain additional information from primary study 
authors are unsuccessful. 

• If there are studies with high risk of bias included. 

• When we have performed re‐analysis (i.e. in a cluster-randomised trial where the intra cluster correlation 
coefficient was not considered initially) for checking the stability of our results. 

Results  
Description of studies  
Results of the search  
We conducted a literature review up to 14 November 2018 and identified 11,985 from database searching and 
157 from other sources. After excluding duplicates, we screened 6,780 reports. We assessed 112 full-text reports 
for eligibility and excluded 107 reports as ineligible (Characteristics of excluded studies). We included five reports 
in the review (Figure 1). 
Included studies  
The characteristics of the five included reports are presented in Characteristics of included studies. 
Study design and setting 
All reports were ITS design, from HICs, specifically USA (Rotondo 2009; He 2016), the UK (Metcalfe 2014; Moran 
2018), and Norway (Groven 2011). 
Participant characteristics 
The five reports included a total of 314,262 participants. The number of participants ranged from 7,247 to 248,234 
across the included reports (Groven 2011; He 2016; Metcalfe 2014; Rotondo 2009; Moran 2018). Three reports 
included participants with ISS >9 (Groven 2011; Metcalfe 2014; Moran 2018), one ISS >15 (He 2018), and one 
ISS >16 (Rotondo 2009). Males were predominant in the three studies that reported (61-73% of patients) data on 
the sex of participants consistent with injury epidemiology broadly (Groven 2011; Moran 2018; Rotondo 2009). 
Interventions and follow-up 
Included reports examined two specific interventions: trauma system regionalisation (Metcalfe 2014; He 2016; 
Moran 2018) and trauma centre designation (Rotondo 2009; Groven 2011). 
Trauma system regionalisation involves forming a local network for managing, transporting and caring for injured 
patients. This may include designation of specific trauma centres (below) but also other interventions (e.g., 
transfer and care protocols) that permit a number of healthcare facilities to work together to deliver trauma care. 
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In one report, hospitals with different capabilities in a single region formed a single regionalised trauma system 
(Metcalfe 2014). A larger study reported data from the regionalisation of trauma services across England (Moran 
2018). The third study report described how a regional trauma network was formed by establishing a field triage 
protocol, the trauma care protocols, and creating injury-prevention programs (He 2016). 
Trauma centre designation involves reconfiguring individual hospitals to help them specialise in the care of injured 
patients. One such hospital elected a trauma director, instituted the trauma policies and guidelines developed a 
trauma-team activation protocol, and established referral mechanisms (Groven 2011). In another study, the health 
agency added a considerable financial investment to the academic hospital to support the incomes of the core 
staff as well as instituting clinical care guidelines (Rotondo 2009). 
Outcomes 
Primary outcomes 
Mortality:Reported by three studies by various measures: in-hospital (Rotondo 2009; Metcalfe 2014; He 2016), 
30-days (Groven 2011), and survival to 30 days (Moran 2018). A study by Moran and colleagues (Moran 2018) 
reported the Ws statistic which describes the difference between actual and predicted survival rates standardised 
for differences in patient case mix (Hollis 1995). 
Morbidity: One study (Metcalfe 2014) assessed morbidity using Glagow outcome score and reported 'good 
outcome' at discharge. 
Adverse effect or harms: No studies that reported this outcome were found. 
Secondary outcomes 
Utilisation of services: One study (Metcalfe 2014) reported this outcome as: hospital length of stay and intensive 
care unit (ICU). 
We did not find studies reporting access to services, or quality of care provided. 
Excluded studies  
We excluded 107 full-text reports. The main reasons for exclusion were ineligible study design as most studies 
were conducted as a simple description of before-and-after interventions without a suitable control. Some studies 
were of a time series design but with insufficient number of observations according with Cochrane 
recommendations on characteristics of excluded studies (EPOC 2013c). A description of all excluded studies is 
provided in the Characteristics of excluded studies. 
Risk of bias in included studies  
As all included reports utilised ITS designs, only the ITS risk of bias criteria were used, as described in 
Assessment of risk of bias in included studies. 
Incomplete outcome data (attrition bias)  
We judged the included ITS studies (Rotondo 2009; Groven 2011; Metcalfe 2014; He 2016; Moran 2018) low risk 
because the number of post-intervention participants were similar or not markedly less than in the pre-intervention 
participants. 
Selective reporting (reporting bias)  
We judged the ITS studies (Rotondo 2009; Groven 2011; Metcalfe 2014; He 2016; Moran 2018) low risk because 
all main outcomes in methods section were reported in results section. 
Other potential sources of bias  
Knowledge of intervention is adequately prevented 
We judged all studies (Rotondo 2009; Groven 2011; Metcalfe 2014; He 2016; Moran 2018) to be at unclear risk of 
bias in this domain as the study participants (i.e. patients) are unlikely to have known about the intervention. 
However, healthcare professionals (who are also likely to influence outcomes through differences in patient care) 
will likely have known about changes associated with the intervention. 
Intervention is unlikely to affect data collection 
We judged three studies (Rotondo 2009; Groven 2011; He 2016) to be at low risk because they utilized the same 
source of data and methods before and after intervention. However, two studies (Metcalfe 2014; Moran 2018) 
were at high risk as reporting Trauma Audit and Research Network (TARN) may have been affected by the 
intervention, which included financial incentives to hospitals that required reporting of cases to the trauma 
registry. 
Intervention independent of other changes 
We judged studies biased if there were major historical or other events that interfered with the intervention and 
outcomes. We judged four studies (Rotondo 2009; Groven 2011; He 2016; Moran 2018) to be at low risk because 
no such events were identified and because of their long study duration. One study was judged to be high risk 
because its short duration could not exclude the impact of other events that were external to the intervention. 
The shape of intervention effect is prespecified 
We judged all five studies (Rotondo 2009; Groven 2011; Metcalfe 2014; He 2016; Moran 2018) to be low risk 
because the point of intervention was taken as the point of analysis. 
Study is free from other bias 
We judged four studies (Groven 2011; He 2016; Metcalfe 2014; Moran 2018; Rotondo 2009) to be at low risk of 
bias because no other concerns were raised during the assessment process. One study (Metcalfe 2014) was 
judged to be high risk because its short duration meant that it was vulnerable to seasonality or other secular 
changes. 
Effects of interventions  
Trauma system 'before regionalisation' compared to 'after regionalisation' for improving outcomes in 
injured patients (Summary of findings table 1) 
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The review identified three reports (He 2016; Moran 2018; Metcalfe 2014) that compared the trauma system 
before regionalisation and after regionalisation. The authors reported some of the pre-planned primary and 
secondary outcomes (Mortality, morbidity and utilisation of services) 
Primary outcomes 
Mortality: One study by He and colleagues (He 2016) reported reduced mortality: 20,357 participants, 3 years 
relative effect -30%, a change in slope (CI) -0.1 (-0.526, 0.326), change in level (CI) -2.017 (-3.169, -0.864). A 
study by Moran and colleagues (Moran 2018) reported survival benefit in two subgroups; in the overall trauma 
system (248,234 participants) they reported change in level (+0.133%, P=0.678), a change in slope (+0.07%, P = 
0.006); and in the constant report submitters (110,863 participants) they reported change in level (+0.133%, 
P=0.678), a change in slope (+0.08%, P = 0.023). Metcalfe and colleagues (Metcalfe 2014) reported no mortality 
benefit:19,820 participant, 6 month relative effect 326%, a change in slope (CI) 16.5 (-2.782, 35.782), change in 
level (CI) 98 (-2.809, 198.809). The certainty of evidence was low. 
Morbidity: One study (Metcalfe 2014) assessed morbidity by Glasgow outcome scale and reported improvement 
in patients who attained 'good recovery' after trauma system regionalisation: 19,820 participants, 6 months 
relative effect 8276%, a change in slope 350.61 (105.44, 595.88), change in level 413 (-179.63,1007.3). However 
the certainty of evidence was very low. 
Adverse effect or harm: No studies that reported this outcome. 
Secondary outcomes 
Utilisation of services: A study by Metcalfe 2014 (19,820 participants) reported two outcomes: reduced length of 
hospital stay in injured patients: 6 months relative effect -24%, a change in slope (CI) 0 (-1.75,1.75), change in 
level -5.33 (-14.51, 3.85); and reduced ICU length of stay: 6 months relative effect -18.182, change of slope (CI) 
0.5 (-0.74, 1.74), change in level -2 (-8.49,4.49). 
Access to services: There were no studies that reported this outcome. 
Quality of care provided: There were no studies that reported this outcome. 
Trauma centre compared to usual care for improving outcomes in injured patients (Summary of findings 
table 2) 
Primary outcomes 
Mortality: Two studies (Groven 2011; Rotondo 2009) reported mortality in all patients, mortality in ISS 15-24, 
mortality in ISS > 24, and mortality in both paediatric and adult age groups (Table 1).These studies provided 
moderate certainty evidence that designation of trauma centres probably reduced mortality. One study (7,247 
participants) reported reduced mortality: relative effect -41.98%, change in slope (CI): -0.512(-2.256, 1.231), 
change level (CI) -3.595(-11.262, 4.072). The second study(18,644 participants) also reported reduced mortality: 
adults relative effect -67.13%, Change in slope 2.06 (10.25 to 29.6), change in level -17.52 (-42.27 to 7.23); 
paediatric relative effect -83.60%, change in slope -1.12 (-3.04 to 0.8), change in level -18.56 (-30.114 to -7,006). 
The certainty of evidence was moderate. 
Morbidity: There were no studies that reported this outcome. 
Adverse effects or harms: There were no studies that reported this outcome. 
Secondary outcomes 
Utilisation of services: There were no studies that reported this outcome. 
Access to services: There were no studies that reported this outcome. 
Quality of care provided: There were no studies that reported this outcome 
Discussion  
Summary of main results  
We included five studies which showed two types of interventions: trauma system regionalisation and trauma 
centre designation. Studies reported patient outcomes (mortality, morbidity), and one study additionally reported a 
secondary outcome e.g. utilisation of services: length of stay in hospital and in ICU. There were no reports of 
adverse effects or harm, and no reporting of other pre-planned outcomes (access to services, and quality of care 
provided). We could not undertake a meta-analysis because of differences in outcome measures and a limited 
number of primary studies. 
The evidence for the effectiveness of the trauma system regionalisation ranged from low to very low certainty. In 
some studies, the evidence showed that the intervention probably improved patient outcomes by reducing 
mortality (He 2016) and improving survival rate (Moran 2018). In one study (Metcalfe 2014) it was uncertain if 
trauma system regionalisation affected patient morbidity (severe disability, and good outcome) or affected 
utilisation of services (length of stay in hospital and in ICU). 
The evidence for effectiveness of trauma centre designation was moderate, and showed that this intervention 
probably reduced mortality (Groven 2011; Rotondo 2009). 
We found that all eligible studies assessing trauma systems and trauma centres were from HICs and none were 
found from LMICs. Further, we found that studies addressing this subject did not use the quality methods 
recommended by Cochrane collaboration for evaluating effectiveness of intervention. 
Overall completeness and applicability of evidence  
We conducted a comprehensive literature search to identify the best available clinical evidence reporting the 
effectiveness of organised trauma systems and designated trauma centres; and identified all eligible studies. We 
performed appropriate re-analyses according to the recommendations provided by EPOC guidelines when 
necessary. For the studies that required additional data from corresponding authors, we sent emails requesting 
this additional information. We were successful in only one out of 18 requests sent. This led to the disregarding 
many potential primary studies and perhaps good evidence for the effectiveness of trauma systems and 
designated trauma centres on injured patients. However, we acknowledge the difficulty and complexity in 



39 
 

assessing databases used long ago when writing these primary research papers. Occasionally, we could not 
contact primary authors,especially in the case of papers published prior to electronic communication. 
The evidence presented in this review may bring about an awareness of these gaps and may shape future injury 
research for both HICs and LMICs. 
Quality of the evidence  
Certainty of evidence for the effectiveness of the trauma system ranged from low to very low; in trauma centre 
designation the certainty of evidence was moderate. 
There were no randomised trials(RTs), and therefore we used observational studies. All reports were initially 
downgraded by one level owing to their design because observational studies carry a high risk of bias. Upgrading 
the certainty of evidence by one level in all studies was made because patients admitted to trauma systems or 
trauma centres are sicker than their counterparts in the usual care hospitals; regarding this as a plausible 
confounding effect. On observing a large effect estimate, we upgraded studies by one level because of a large 
effect size; with a consideration that the effects of the trauma system and trauma centres are substantial to 
severely injured patients. We further downgraded the certainty evidence of studies based on precision, or short 
duration of study (Appendix 2). 
Perfoming GRADE narrative assessment (Murad 2017) has led to combining studies with various levels of quality 
i.e. studies that could potentially be moderate and others that are likely low or very low certainty. This has resulted 
to indirectness and subsequently lowered the quality of evidence for studies that would otherwise be rated at a 
higher level of evidence. 
With only a few studies reporting interventions acceptably, according to Cochrane recommendations (EPOC 
2013c; EPOC 2013d), there is a limitation to the body of evidence on the effectiveness of trauma systems and 
designated trauma centres. 
Potential biases in the review process  
The review authors attempted to obtain additional information to enable re-analyses when outcome measures 
were not up to the requirements of EPOC group. When there were no additional data, some outcome measures 
were left unreported, and this could form a potential risk of bias. 
Agreements and disagreements with other studies or reviews  
We found several reviews reporting the effectiveness of trauma systems in LMICs. However, none of these used 
Cochrane methodology or equivalent rigorous methods in assessing the effectiveness of interventions. In a recent 
study, Moore and co-workers, using less restrictive inclusion criteria, also reported a low quality of evidence for 
the effectiveness of the trauma system; and a very low quality of evidence for the effectiveness of helicopter 
transport (Moore 2017). Reynolds and co-workers provided stratification of interventions and outcomes in 32 
LMICs, summarizing comprehensive reports of trauma-care interventions using observational studies (Reynolds 
2017). Other reviews (Celso 2006; Mann 1999; Jurkovich 1999) have reported trauma system-related reduction in 
mortality utilising population-based studies and trauma registries. In particular to LMICs, Henry and co-workers 
reported improved injury outcomes for pre-hospital trauma systems in LMICs (Henry 2012). 
We did not find eligible primary studies reporting adverse effects or harms, access to services, social outcomes, 
quality of care, equity, or knowledge. These studies, although limited by their methods and quality of evidence, 
have described positive impacts on trauma systems in improving injury outcomes. 
Authors' conclusions  
Implications for practice  
There is a substantial limitation in the body of evidence evaluating the effectiveness of trauma systems and 
trauma centre designation. The conclusion drawn by this review on the effectiveness of trauma centres and 
trauma systems is based on a limited number of primary studies. However, trauma systems and designated 
trauma centres can streamline injury management and effectively manage resources by pooling both resources 
and patients; furthermore, these systems may ensure a high level of skills due to the high patient volume. 
Stronger certainty evidence could aid advocacy for more liberal creation of trauma centres and trauma systems, 
in turn these may effectively prevent and manage injuries, especially in LMICs where the burden is the largest. 
Implications for research  
The review stresses the need to conduct well designed primary research to evaluate the effects of interventions in 
trauma care. Because of the many contributing factors surrounding the research into system change, such as 
project financing, lack of a ready control group, or the observational nature of many such projects, the methods 
for these studies are prone to a high risk of bias. Many researchers have employed historical control designs to 
assess periods before and after the intervention. Such studies could provide good evidence if they adjust 
methods to meet Cochrane collaboration standards. Other types of observational studies of better quality such as 
CBA designs are uncommon in trauma research. The observational study designs (CBA, and ITS) may provide 
better quality data where there are challenges of methods, or where it is unethical to use RTs. This review 
exposes fundamental gaps and methodological deficiencies in the available research for assessing the effects of 
interventions in trauma care. These findings may impact future trauma care research and the quality of the body 
of evidence. 
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Differences between protocol and review  
We planned to assess: primary outcomes such as mortality, morbidity, adverse effect or harms; and secondary 
outcomes such as utilisation of services,access to services, social outcomes, quality of care provided, equity and 
knowledge. However due to methodological requirement we chose the most relevant outcomes judged, and 
excluded: social outcomes, equity and knowledge. 
We did not search Cumulative Index to Nursing and Allied Health Literature (CINAHL) (from 1980) EbscoHost, 
with the view that, because of its focus, CINAHL would not retrieve relevant results. 
We did not include healthcare workers as participants, as there were no primary studies reporting such outcomes. 
We found most reports comparing regionalised trauma systems(a network of trauma systems within a 
geographical region or province) to usual care, hence we have included both 'regionalised trauma systems' as 
well as 'non regionalised trauma system' as trauma system. 
In some primary studies injury severity score (ISS) cut-off for inclusion criteria are lower than what we stipulated 
in our protocol (ISS >15), for instance ‘ISS 9 and above’(Groven 2011);We included studies with lower ISS 
because although their entry point were ‘ISS 9 and above’, to a large extent they included ISS 15 and above; 
these were the best descriptions obtained. 
We planned to undertake subgroup analyses between HIC settings and LMIC settings; and between, adult and 
paediatric trauma patients. We did not undertake a meta-analysis or subgroup analyses because of the limited 
numbers of primary studies, and because of substantial heterogeneity in the reported outcomes. We omitted all 
components related to meta-analysis. 
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Figure 2 Risk of bias summary: review authors' judgements about each risk of bias item for each included study. 
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Internal sources  
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External sources  

• The Australian Satellite of the Effective Practice and Organisation of Care (EPOC) Group receive 
funding from the National Health and Medical Research Council, Australia 

Feedback  
Appendices  
1 Search strategies  
1 The Cochrane Library up to 14th November 2018 

No. Search terms 

#1 
((plan* or develop* or institution or institute? or organi*ation* or organi*e* or designat* or stipulat* or 
dedicat* or implement*) near/2 (trauma* or polytrauma*)):ti,ab 

#2 ((polytrauma* or trauma*) near/2 (system? or network?)):ti,ab 

#3 [mh traumatology/og] 

#4 (trauma* or polytrauma*):ti,ab 

#5 [mh "Regional Medical Programs"] 

#6 #4 and #5 

#7 
((impact* or effect* or evaluat* or implement* or develop* or assess* or outcome* or centrali*ation or 
centrali*ed or regionali*ation or regionali*ed) near/5 (trauma centre* or trauma center* or trauma 
service? or trauma care)):ti,ab 

#8 [mh "trauma centers"/og] 

#9 {or #1-#3, #6-#8} 

2 Medline (Ovid MEDLINE® Epub Ahead of Print, Ovid MEDLINE® Daily and Ovid MEDLINE®) 1946 to 14th 
November 2018 
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1 
((plan* or develop* or institution or institute? or organi#ation* or organi#e* or designat* or stipulat* or 
dedicat* or implement*) adj2 (trauma* or polytrauma*)).ti,ab. 

2 ((polytrauma* or trauma*) adj2 (system? or network?)).ti,ab. 

3 traumatology/og 

4 (trauma* or polytrauma*).ti,ab. 

5 Regional Medical Programs/ 

6 4 and 5 

7 
((impact* or effect* or evaluat* or implement* or develop* or assess* or outcome* or centrali#ation or 
centrali#ed or regionali#ation or regionali#ed) adj5 (trauma centre* or trauma center* or trauma service? 
or trauma care)).ti,ab. 

8 trauma centers/og 

9 or/1-3,6-8 

10 randomized controlled trial.pt. 

11 controlled clinical trial.pt. 

12 multicenter study.pt. 

13 pragmatic clinical trial.pt. 

14 (randomis* or randomiz* or randomly).ti,ab. 

15 groups.ab. 

16 (trial or multicenter or multi center or multicentre or multi centre).ti. 

17 
(intervention? or effect? or impact? or controlled or control group? or (before adj5 after) or (pre adj5 post) 
or ((pretest or pre test) and (posttest or post test)) or quasiexperiment* or quasi experiment* or pseudo 
experiment* or pseudoexperiment* or evaluat* or time series or time point? or repeated measur*).ti,ab. 

18 non-randomized controlled trials as topic/ 

19 interrupted time series analysis/ 

20 controlled before-after studies/ 

21 or/10-20 

22 exp animals/ 

23 humans/ 

24 22 not (22 and 23) 

25 review.pt. 

26 meta analysis.pt. 

27 news.pt. 

28 comment.pt. 

29 editorial.pt. 

30 cochrane database of systematic reviews.jn. 

31 comment on.cm. 

32 (systematic review or literature review).ti. 

33 or/24-32 

34 21 not 33 

35 9 and 34 

3 Embase 1974 to 14th November 2018 

No. Search terms 

1 
((plan* or develop* or institution or institute? or organi#ation* or organi#e* or designat* or stipulat* or 
dedicat* or implement*) adj2 (trauma* or polytrauma*)).ti,ab. 

2 ((polytrauma* or trauma*) adj2 (system? or network?)).ti,ab. 

3 exp *traumatology/ 

4 (trauma centre* or trauma center*).ti,ab. 
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5 exp *"organization and management"/ 

6 3 or 4 

7 5 and 6 

8 
((impact* or effect* or evaluat* or implement* or develop* or assess* or outcome* or centrali#ation or 
centrali#ed or regionali#ation or regionali#ed) adj5 (trauma centre* or trauma center* or trauma 
service? or trauma care)).ti,ab. 

9 (trauma* or polytrauma*).ti,ab. 

10 *health care planning/ 

11 9 and 10 

12 1 or 2 or 7 or 8 or 11 

13 randomized controlled trial/ 

14 controlled clinical trial/ 

15 quasi experimental study/ 

16 pretest posttest control group design/ 

17 time series analysis/ 

18 experimental design/ 

19 multicenter study/ 

20 (randomis* or randomiz* or randomly).ti,ab. 

21 groups.ab. 

22 (trial or multicentre or multicenter or multi centre or multi center).ti. 

23 

(intervention? or effect? or impact? or controlled or control group? or (before adj5 after) or (pre adj5 
post) or ((pretest or pre test) and (posttest or post test)) or quasiexperiment* or quasi experiment* or 
pseudo experiment* or pseudoexperiment* or evaluat* or time series or time point? or repeated 
measur*).ti,ab. 

24 or/13-23 

25 (systematic review or literature review).ti. 

26 "cochrane database of systematic reviews".jn. 

27 
exp animals/ or exp invertebrate/ or animal experiment/ or animal model/ or animal tissue/ or animal 
cell/ or nonhuman/ 

28 human/ or normal human/ or human cell/ 

29 27 not (27 and 28) 

30 25 or 26 or 29 

31 24 not 30 

32 12 and 31 

4 Grey Literature up to 14th November 2018 

New York Academy of 
Medicine, Grey Literature 
Report: http://www.greylit.org  

 

  7/27/2015 8/30/2017 11/14/2018 

No. 
Search 
terms 

Results Results Results 

 trauma 
system 

12 
2 (links 
below) 

0 

 trauma 
network 

0 0 0 

OpenGrey: http://www.opengrey.eu/ 

No. 
Search 
terms 

Results Results Results 

 "trauma 
system*" 

5 0 0 
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 "trauma 
network*" 

0 0 0 

 "trauma 
service*" 

0 2 0 

 "trauma 
care*" 

7 0 0 

 "trauma 
centre*" 

2 0 0 

 "trauma 
center*" 

8 0 0 

5 Trials Registers up to 14th November 2018 

ClinicalTrials.gov 

No. Search terms Results 

 
"trauma service*" OR "trauma network*" OR 
"trauma system*" OR "trauma centre*" OR 
"trauma care" OR "trauma center*" 

18 

8/30/2017 

"trauma service" OR "trauma network" OR 
"trauma system" OR "trauma centre" OR "trauma 
care" OR "trauma center" 
| Interventional Studies 

153 

11/14/2018 

"trauma service" OR "trauma network" OR 
"trauma system" OR "trauma centre" OR "trauma 
care" OR "trauma center" 
| Interventional Studies 

179 

WHO International Clinical Trials Registry Platform (ICTRP) 

No. Search terms Results 

 
trauma service* OR trauma network* OR trauma 
system* OR trauma centre* OR trauma care OR 
trauma center* 

43 

8/30/2017 
trauma service* OR trauma network* OR trauma 
system* OR trauma centre* OR trauma care OR 
trauma center* 

68 

11/14/2018 
trauma service* OR trauma network* OR trauma 
system* OR trauma centre* OR trauma care OR 
trauma center* 

95 

NHS Economic Evaluation Database (NHS EED) 

29/01/2020 *trauma* 109 

6 Websites: Potential eligible unpublished research from LMICs 

Website name/organisation URL Date Notes 
No. items 
identified 

African Journals 
Online(AJOL) 

https://www.ajo
l.info/ 

01/2010- 
February 2019 

Search for potential 
eligible research from 
LMICs 

0 

College of Surgeons of East 
Central and southern Africa 
Congress (2010-2018) 

http://www.cos
ecsa.org/about/
publications/ec
ajs-journal 

01/2010 -
12/2018 

Search for potential 
eligible research from 
LMICs 

0 

Southern Africa Research 
Society congress 2010-201 

http://www.sciel
o.org.za/scielo.
php?script=sci
arttext&pid=S0
038 

01/2010 - 
12/2018 

Search for potential 
eligible research from 
LMICs 

0 
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College of Surgeons of West 
Africa congress proceedings 
2014-2015 

https://www.nc
bi.nlm.nih.gov/
m/pubmed/265
87528/ 

February 2019 
Search for potential 
eligible research from 
LMICs 

0 

7 Relevant systematic reviews searched 
Relevant systematic reviews in the last 10 years (references cross-checked )  
[("Trauma Centers/organization and administration"[Mesh]) AND "Systematic Review"[Publication Type] AND 
("last 10 years"[PDat])Search] 

1. Moore L, Champion H, Tardif PA, Kuimi BL, O'Reilly G, Leppaniemi A, Cameron P, Palmer CS, Abu-
Zidan FM, Gabbe B, Gaarder C, Yanchar N, Stelfox HT, Coimbra R, Kortbeek J, Noonan VK, Gunning 
A, Gordon M, Khajanchi M, Porgo TV, Turgeon AF, Leenen L; Impact of Trauma System Structure on 
Injury Outcomes: A Systematic Review and Meta-Analysis. International Injury Care Improvement, 
World J Surg. 2018 May;42(5):1327-1339. doi: 10.1007/s00268-017-4292-0. Review. 

2. Choi SJ, Oh MY, Kim NR, Jung YJ, Ro YS, Shin SD.Comparison of trauma care systems in Asian 
countries: A systematic literature review.Emerg Med Australas. 2017 Dec;29(6):697-711. doi: 
10.1111/1742-6723.12840. Epub 2017 Aug 7. Review. 

3. Hajibandeh S, Hajibandeh S.J Who should lead a trauma team: Surgeon or non-surgeon? A systematic 
review and meta-analysis.Inj Violence Res. 2017 Jul;9(2):107-116. doi: 10.5249/jivr.v9i2.874. Epub 
2017 May 15. Review. 

4. Vali Y, Rashidian A, Jalili M, Omidvari AH, Jeddian A. Effectiveness of regionalization of trauma care 
services: a systematic review.Public Health. 2017 May;146:92-107. doi: 10.1016/j.puhe.2016.12.006. 
Epub 2017 Feb 11. Review. 

5. Callese TE, Richards CT, Shaw P, Schuetz SJ, Paladino L, Issa N, Swaroop M.Trauma system 
development in low- and middle-income countries: a review.J Surg Res. 2015 Jan;193(1):300-7. doi: 
10.1016/j.jss.2014.09.040. Epub 2014 Oct 2. Review. 

6. Porgo TV, Shemilt M, Moore L, Bourgeois G, Lapointe J. Trauma centre performance evaluation based 
on costs: a systematic review of cohort studies.J Trauma Acute Care Surg. 2014 Feb;76(2):542-8. doi: 
10.1097/TA.0b013e3182ab0dc8. Review. Erratum in: J Trauma Acute Care Surg. 2014 Jul;77(1):187-
189. 

7. Caputo LM, Salottolo KM, Slone DS, Mains CW, Bar-Or D. The relationship between patient volume and 
mortality in American trauma centres: a systematic review of the evidence.Injury. 2014 Mar;45(3):478-
86. doi: 10.1016/j.injury.2013.09.038. Epub 2013 Sep 30. Review. 

8. Kim YJ. Relationship of trauma centre characteristics and patient outcomes: a systematic review.J Clin 
Nurs. 2014 Feb;23(3-4):301-14. doi: 10.1111/jocn.12129. Epub 2013 Feb 28. Review. 

9. Beuran M, Paun S, Gaspar B, Vartic N, Hostiuc S, Chiotoroiu A, Negoi I.Chirurgia Prehospital trauma 
care: a clinical review. (Bucur). 2012 Sep-Oct;107(5):564-70. Review. 

10. Moore L, Stelfox HT, Turgeon AF. Complication rates as a trauma care performance indicator: a 
systematic review.Crit Care. 2012 Oct 16;16(5):R195. doi: 10.1186/cc11680. Review 

11. Evans C, Howes D, Pickett W, Dagnone L. Audit filters for improving processes of care and clinical 
outcomes in trauma systems.Cochrane Database Syst Rev. 2009 Oct 7;(4):CD007590. doi: 
10.1002/14651858.CD007590.pub2. Review. 

12. Henry JA, Reingold AL. Prehospital trauma systems reduce mortality in developing countries: a 
systematic review and meta-analysis. Journal of trauma and acute care surgery. 2012 Jul 1;73(1):261-
8 

13. Hill AD, Fowler RA, Nathens AB. Impact of inter hospital transfer on outcomes for trauma patients: a 
systematic review. Journal of Trauma and Acute Care Surgery. 2011 Dec 1;71(6):1885-901 

14. Kristiansen T, Søreide K, Ringdal KG, Rehn M, Krüger AJ, Reite A, Meling T, Næss PA, Lossius HM. 
Trauma systems and early management of severe injuries in Scandinavia: review of the current state. 
Injury. 2010 May 1;41(5):444-52 

15. Butler DP, Anwar I, Willett K. Is it the H or the EMS in HEMS that has an impact on trauma patient 
mortality? A systematic review of the evidence. Emergency Medicine Journal. 2010 Sep 1;27(9):692-
701 

Other relevant systematic reviews 

1. Celso B, Tepas J, Langland-Orban B, Pracht E, Papa L, Lottenberg L, Flint L. A systematic review and 
meta-analysis comparing outcome of severely injured patients treated in trauma centres following the 
establishment of trauma systems. Journal of Trauma and Acute Care Surgery. 2006 Feb 1;60(2):371-8 

2. Mann NC, Mullins RJ, MacKenzie EJ, Jurkovich GJ, Mock CN. Systematic review of published evidence 
regarding trauma system effectiveness. Journal of Trauma and Acute Care Surgery. 1999 Sep 
1;47(3):S25-33 

3. Jurkovich GJ, Mock C. Systematic review of trauma system effectiveness based on registry 
comparisons. Journal of Trauma and Acute Care Surgery. 1999 Sep 1;47(3):S46-55 

4. MacKenzie EJ. Review of evidence regarding trauma system effectiveness resulting from panel studies. 
Journal of Trauma and Acute Care Surgery. 1999 Sep 1;47(3):S34-41 

2 GRADE evidence profiles  
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Trauma system regionalisation compared to 'before regionalisation' or usual care for improving 
outcomes in injured patients 

Outcomes 

Study/Partcip
ants 
(ITS design) 

Risk of 
bias  

Inconsist
ency 

Indirect
ness 

Imprecision Publication 
bias 

Large 
effect 

Plausible 
confounding 

Certaint
y 
(overall 
score) 

Mortality. 
Assessed with: Death 
as a proportion of 
seriously injured 
patients, and injured 
patients survival rate 
follow up: range 1 to 12 
years 

He 2016 
(20357 
Participants) 
Metcalfe 2014 
(19820 
Participants) 
Moran 2018  
( 248,234 
participants) 

Serious1 Not 
serious2 

Not 
serious3 

Serious4 None Large5 Would 
reduce 
demonstrated 
effect6 

Low 

Morbidity. 
Assessed with: 
Proportion of patients 
discharged in a 'Good 
recovery' state 
Follow up: 1 to 12 
months 

Metcalfe 2014 
19820 
Participants 

Very 
serious7 

Not 
serious 

Not 
serious3 

Serious8 None None 

Would 
reduce 
demonstrated 
effect6 

Very Low 

Utilisation of 
services. 
Assessed with: 
Duration of hospital 
stay 
Follow up: 1 to 12 
months 

Metcalfe 2014 
19820 
Participants 

Very 
serious7 

Not 
serious 

Not 
serious3 

Serious8 None None 

Would 
reduce 
demonstrated 
effect6 

Very Low 

1 Downgraded to serious risk of bias owing to their design(observational), one study with 7% weight had a very short study duration, 
the rest of the studies had a low risk of bias 
2 Studies exhibits consistency in the direction of magnitude of the effect, one study with 7% weight is inconsistent but would not 
influence a global consistency due to its low weight 
3 Studies address the clinical question at hand in terms of population, interventions and outcomes across studies 
4 Downgraded because narrative synthesis was conducted, estimates not precise; However studies bear adequate number of 
participants, one study with 7% weight had wider CI (judged not serious due to its low weight) 
5Upgraded because of a large magnitude of effect and strong association of trauma system and patient outcome 
6Upgraded because of plausible confounding (trauma system likely admitted sicker patients than the usual hospitals, therefore 
confounding against detection of observed effect) 
7Downgraded to serious risk of bias owing to their design(observational), further downgraded due to a very short duration of follow up 
8Down graded due to wider CI crossing a line of no effect 

 

Trauma centre compared to usual care for improving outcomes in injured patients 

Outcome 
Study 
(ITS design) 

Risk of 
bias 

Inconsist
ency 

Indirectne
ss 

Imprecisio
n 

Publicatio
n bias 

Large effect Plausible 
confoundin
g 

Certainty 
(overall 
score) 

Mortality. 
Assessed 
with: Death 
proportion in a 
trauma 
population 
Follow up: 7 
to 10 years 

Groven 2011 
Participants: 
7247 
Rotondo 2009 
Participants:18
644 

Seriou
s1 

Not 
serious2 

Not 
serious3 

Serious4 None Large5 Would 
reduce 
demonstrate
d effect6 

Moderate 

 

1 Downgraded to serious risk of bias owing to their design(observational) 
2 Studies exhibits consistency in the direction of magnitude of the effect 
3 Studies address the clinical question at hand in terms of population, interventions and outcomes across studies 
4 Downgraded because narrative synthesis was conducted, estimates not precise; However studies bear adequate 
number of participants 
5Upgraded because of a large magnitude of effect and strong association of trauma system and patient outcome 
6Upgraded because of plausible confounding (trauma system likely admitted sicker patients than the usual hospitals, 
therefore confounding against detection of observed effect) 
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Chapter 4 

 Primary Studies from Botswana 

 
Botswana ranks among countries with high injury incidence, a literature review shows there are no 

formal trauma systems and emergency medical services utilisation is low. The WHO, through its 

essential trauma care guidelines, has recommended an affordable and functional trauma system in 

settings where none exists. In order to assess the feasibility for this trauma system establishment, we 

conducted baseline surveys of injury mechanisms, patient characteristics, care process, hospital burden 

and resources availability. 

 In the 1st report (Mwandri MB, Hardcastle TC. Burden, characteristics and process of care among the 

pediatric and adult trauma patients in Botswana’s Main Hospitals. World Journal of Surgery. 2018 Aug 

1;42(8):2321-8.) we interrogated hospital data to determine magnitude of injury, care process and 

patient characteristics. In the 2nd report (Mwandri MB, Hardcastle TC. Evaluation of resources 

necessary for provision of trauma care in Botswana: an initiative for a local system. World Journal of 

Surgery. 2018 Jun 1;42(6):1629-38) we further investigate hospital data to determine whether resources 

in healthcare facilities satisfy the minimum WHO recommendation for essential trauma care provision. 
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Abstract  
Background Botswana is notable among countries with high rates of Road Traffic Collisions (RTC); like many other 

lower–middle-income countries (LMICs), it lacks trauma systems. The World Health Organization recommends 

‘Essential Trauma Care’ in countries with no formal trauma systems. The proportion of injuries in Emergency 

Departments and the care process were investigated to gain an overview for enabling the design of a relevant LMICs 

trauma system.  
Method Blunt and penetrating trauma patients were included from three major hospitals, examining the proportion of 

injuries, patient characteristics, the care process and comparing these between pediatrics and adults. Data are presented 

using descriptive statistics.  
Results The proportion of trauma ranged between 6 and 10% of Emergency Department cases. Pediatrics constituted 

19%, and 59% of all patients were male. The median age was 28 years [IQR 17–39] and 8 years [IQR 4–11] for adults 

and pediatrics, respectively. The leading causes of injuries were: falls in pediatrics (55%) and interpersonal violence 

in the adults (34%), followed by RTC in both children (20%) and adults (30%). The public inter-hospital vehicles 

transported 77% of pediatrics and 69% of adults, while formal ambulance transported only 9% of pediatrics and 22% 

of adults. The median Emergency Department waiting time for pediatrics was 187 min [IQR 102–397] and for adults 

was 208 min [IQR 100–378]: Most were triaged as non-urgent (70% pediatrics and 72% adults), and the majority were 

discharged (84% pediatrics and 76% adults).  
Conclusion The Emergency Department workload of injuries is notably high, with differing mechanisms of injury and 

transport modes between pediatrics and adults: Waiting time is severely prolonged for urgent and critical patients. 

Diagnoses, triage categories and patients disposition were similar. 
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Introduction 

 
Botswana, a middle-income country in southern Africa, ranks 

among the highest incidence of Road Traffic Colli-sions (RTC) 

worldwide [1], leading to a high death rate due to injury 

resembling many other developing countries [2]. The analysis 

of Emergency Medical Services (EMS) and injury care in 

Africa has shown most injured patients use commercial motor 

vehicles such as taxis or buses, or public inter-hospital transfer 

vehicles (referred in these studies as ‘ambulances’), 

motorcycles or police vehicles [3–7], and 
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there is severe shortage of general doctors and specialists for 

managing both adult and pediatric trauma patients [8, 9]. 
 

Because of the specific needs of injured children, pedi-

atric trauma systems have evolved from the adult-focused 

trauma systems and are reported to attain better patient 

outcomes [10, 11]; however, deficiencies in human resource 

capacity in low- and middle-income-countries (LMICs) 

have resulted in non-specialist medical care, despite the 

known success of pediatric trauma systems [8, 10–12]. The 

WHO proposed the Essential Trauma Care (ETC) 

guidelines as a cost-effective and affordable pack-age for 

countries with no formal trauma systems; similar to the 

formal trauma system, ETC package encompasses pre-

hospital care, hospital care and rehabilitation and has shown 

success in some LMICs [13–16]. 
 

The innovative solutions proposed for LMICs are based 

on the use of the existing infrastructures and resources, for 

instance the use of non-medical personnel first responders, 

the adaption of surveillance systems from mortality data and 

the use of commercial vehicles, police vehicles and other 

public means of transport for pre-hospital transport [2, 17]. 
 

Design of the proposed system for LMICs is supported 

by research demonstrating that the most lethal injuries, 

including head injuries and hemorrhage, can be initially 

managed by simple measures and prompt transfer to 

appropriate health-care facilities [17–20]. Mapping the 

potential injury-prone areas and studying the local deter-

minants as well as local needs in terms of skills and 

resources may offer effective prevention and management 

planning [21, 22]. 
 

This study aimed to investigate the hospital trauma 

workload by assessing patient characteristics, modes of 

transport, and mechanisms of injury, Emergency Depart-

ment injury proportions and the waiting time for both the 

pediatrics and adults, to gain an overview for enabling the 

design of a relevant LMICs trauma system. 
 

 

Materials and methods 

 

Botswana’s public health system has two referral hospitals, 

seven district hospitals, 17 primary hospitals and over 200 

clinics, which receive referrals from health posts. On the 

other hand, there are two major private hospitals and many 

private clinics run by general practitioners or medical 

specialists [23, 24]. This study was undertaken utilizing 

convenience sampling of the two public referral hospitals, 

two major private hospitals and one district hospital that 

receive high volumes of trauma patients, which are Princes 

 

Marina hospital, Nyangabgwe referral hospital and Maha-

lapye district hospital; as well as Lenmed-Health Boka-

moso private hospital and Life-Gaborone private hospital. 

Ethical approval was granted by the Biomedical Research 

Ethics Committee (BREC) at the University of KwaZulu-

Natal (UKZN) [BREC (BE487-14)] and the Botswana 

health research and development division institutional 

review board [PPME 13/18/1 IX (112)]. Further permis-

sions to use hospital data were granted by individual 

hospitals. 
 

The most recent available data from the study period 

(August–September 2015) in the Emergency Departments 

were included, in one hospital the most recent accessible 

data(at the time of this study) were November 2014 due to 

installation of an electronic medical system that was being 

carried out at that time, patient’s information was catego-

rized as pediatrics and adults and compared to assess 

incidence, gender distribution, residential locations, mode 

of transport to hospital, triage score [25] on arrival, 

mechanisms of injury, diagnoses, Emergency Department 

waiting time and patient disposition. The statistical pro-

gram SPSS version 20.0 for Windows (IBM, Armonk NY) 

and Microsoft Excel (Microsoft Redmond WA) were 

utilized in data analysis. Data are presented as mean, fre-

quency, proportion, median and interquartile range (IQR), 

as appropriate. 
 

 

Results 

 

Patient characteristics: burden, age and sex 
distribution 

 

A total of 504 patient charts for blunt and penetrating 

injuries were included, and victims of burn, drowning, 

chemical ingestion or other forms of injuries were exclu-

ded. Because of missing information in various categories 

assessed, the numbers of included individuals was less than 

the initial 504 charts and varied between the different 

assessment categories. 
 

The proportion of trauma patients in this study ranged 

between 6 and 10% of all Emergency Department admis-

sions. The WHO pediatric age cutoff of 14 years was used 

to define the pediatric age group, whereas adults accounted 

for 80% of all trauma patients. The median age of adults was 

31[IQR 25–42] and for pediatric age was 8 years [IQR 4–

11]. 
 

As shown in Table 1, the majority of patients, 53% males 

and 49% females, were in the prime economically 

productive age group (25–54); typical of the trauma pop-

ulation males predominated at 59%. 
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Table 1 Age and sex distribution of trauma patients in Botswana’s 
main hospitals  
 
 Age categories Male n (%) Female n (%) 
      

 0–4 12 (4) 14 (7) 

 5–9 26 (9.1) 15 (7 5) 

 10–14 20 (7) 15 (7 5) 

 15–19 19 (7) 14 (7) 

 20–24 35 (12) 17 (8 5) 

 25–29 46 (16) 31 (15.5) 

 30–34 46 (16) 19 (9 5) 

 35–39 19 (7) 25 (12.5) 

 40–44 16 (6) 9 (4 5) 

 45–49 18 (6) 11 (5 5) 

 50–54 6 (2) 3 (1 5) 

 55–59 10 (3) 7 (3 5) 

 60–64 5 (2) 4 (2) 

 65–69 1 (0.3) 6 (3) 

 70–74 3 (1) 3 (1 5) 

 75–79 1 (0.3) 1 (0 5) 

 80–84 2 (1) 2 (1) 

[85 1 (0.3) 4 (2) 

 Total 286 (59) 200 (41) 
      

 
 
 
Trauma patient’s areas of residence and location of 
injury 

 

Of the 56 residential reported, 83% of pediatric patients and 

70% of adults resided in only five locations and dis-played 

similar residency distribution pattern across the two age 

groups. These five locations are all along the busy A1 main 

road and around the major hospitals in Gaborone 

municipality and its surroundings as shown in Fig. 1. 

 

Trauma patient characteristics: mechanism 
 
of injury, diagnoses, triage score, mode of transport and 
Emergency Department disposition 

 

Patient characteristics summarized in Table 2 show falls to 

be the leading mechanism of injury in pediatrics (55%), 

while interpersonal violence (combined assault, stabs and 

gunshots) dominated in adults (34%); fortunately, vio-

lence-related mechanisms were only 8% of the pediatric age 

group. Road Traffic Collision was the second most frequent 

mechanism in both pediatric (20%) and adult 
 
(30%) patients. The most common three diagnoses were: 

soft tissue injuries, long bone fractures and head injury, a 

similar pattern for both pediatrics and adults. Long bone 

fractures, however, occurred in higher proportion among 

pediatrics than in adults. 

 

Trauma patient’s triaging at Emergency Department 

utilized the validated South African Triage Score: routine 

(green), urgent (yellow), very urgent (orange) and critical 

(red) [25].The pattern of severity trend for both pediatric 

and adult groups was similar (p value [ 0.05).  
The public inter-hospital vehicle network was the most 

frequent used means of pre-hospital transport: It is com-

prised of a fleet of panel vans fitted with a patient gurney, 

however, without other EMS equipment or EMS-trained 

crew. Formal EMS ambulance was the second most fre-

quent mode of transport and was used more significantly by 

the adults. 
 

Most of the trauma patients were eventually discharged 

from Emergency Department after the initial consultation, 

while less than a quarter was admitted. The pattern of patient 

disposition from the Emergency Department was similar for 

both pediatric and adult groups. 

 

Emergency Department waiting time and patient 
triage categories 

 

The median waiting time at Emergency Department for the 

pediatric group was 187 min IQR [102–397] and for adults 

was 208 min IQR[100–378] (Fig. 2); there were noticeable 

outliers among the adult group. 
 

The severely injured patients in the red and orange 

categories failed to achieve their target time (immediate and 

\ 10 min), while only 15% of the yellow and 25% of non-

acute green categories achieved 60 min waiting time (Fig. 

3). 
 

 

Discussion 

 

This study found pattern of injury mechanisms to be sim-

ilar to the ones described in other sub-Saharan African 

countries [4–6, 26]. The proportion of injuries in the 

Emergency Department (6–10%) was lower than 20% 

previously reported [22, 27–31]. This lower proportion 

likely results from the exclusion of burns, drowning, 

chemical ingestions and other forms of injuries that have not 

been evaluated by trauma systems. While the pediatric cases 

seemed to be only 20%, it may reflect a considerable 

magnitude of pediatric trauma when the pediatric popula-

tion for Botswana (30% of total population) is considered 

[30]; in other countries, the proportion of children is 

reported to be up to 43% [4, 5, 31–34]. Similar to other 

injury studies, the proportion of injury was found to be the 

highest in the ‘prime economically productive age group,’ 

[4, 5, 27, 31, 35], constituting a further burden, especially 

for sub-Saharan Africa’s work-force, which is already 

struggling with an enormous burden of infectious diseases, 

such as HIV and tuberculosis [36]. A recent Lancet 
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Table 2 Trauma patient characteristics: mechanism of injury, diagnoses, triage categories, mode of transport and Emergency Department 
disposition  
 
Assessment variable Pediatrics n (%) Adults n (%) p value 
      

Mechanism of injury      

Assault 7 (8) 107 (27) \0.05 

Stab 0 (0) 26 (7)  

Road Traffic Collision 18 (20) 118 (30)  

Fall 50 (55) 96 (25)  

Sport-related injuries 8 (9) 22 (6)  

Industrial/machinery-related injury 0 (0) 2 (0.5)  

Animal bites 3 (3) 10 (2)  

Farm injuries 1 (1) 4 (1)  

Household injuries 5 (5) 5 (1.25)  

Gunshot 0 (0) 1 (0.25)  

Trauma patients diagnoses      

Soft tissue 44 (51) 215 (58.1)  

Long bone fractures 34 (40) 74 (20) [0.05 

Head injuries 7 (8) 44 (12.25)  

Chest injuries with hemo/pneumothoraces 0 (0) 6 (1.6)  

Penetrating abdominal injury 0 (0) 6 (1.6)  

Dislocations 1 (1) 7 (2)  

Cervical spine injury 0 (0) 4 (1)  

Multiple injuries (*polytrauma) 0 (0) 12 (3.2)  

Maxilla facial injuries 0 (0) 1 (0.25)  

Emergency Department triage categories      

Green 13 (15) 63 (17) [0.05 

Yellow 49 (55) 207 (55)  

Orange 26 (29) 89 (24)  

Red 1 (1) 14 (3.7)  

Black 0 (0) 1 (.3)  

Type of transport type utilized      
?
Public hospital van (patient transport) 44 (77) 191 (69) \0.05 

#Self-referral (commercial/private cars, or unknown) 8 (14) 10 (3.6)  

Formal ambulance services 5 (9) 62 (22.4)  

Police vehicles 0 (0) 13 (5)  

Trauma patients Emergency Department disposition      

Discharged 76 (84) 267 (76) [0.05 

Admitted 14 (16) 80 (23)  

Death 0 (0) 2 (1)   
 
*Polytrauma—defined as injuries constituting more than two significant injuries  
?
Public hospital van-panel-van fitted with a patient gurney, without other EMS equipment or EMS-trained crew  

#Self-referred patients are patients presenting at the Emergency Department without a referral letter from a lower-level hospital or clinic, and the 
mode of transport used could not be determined (between private vehicles, or commercial type) 
 
 

 

were no data from other African countries on this variable. 

Patients in green category have non-urgent injuries that are 

recommended to be treated within 4 h, while the yellow 

category has a target waiting time of 60 min and very 

urgent(orange) and critical(red) categories are 

 
 

 

recommended to be attended in ‘less than 10 min’ and 

‘immediate,’ respectively [25]. These findings show that 

although the yellow category had the majority of trauma 

patients (55%), only 15% achieved the recommended 

Emergency Department waiting time, while, on the other 
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Emergency Department waiting time by triage categories   
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Fig. 2 Median waiting time (IQR) among pediatric and adult trauma 
patients’ categories in Botswana  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3 Emergency Department categories and waiting time for trauma 
patients in Botswana. tEROOM Emergency room waiting time, 
AGECART age group categories, peds pediatric 

 
 

hand, none of the patients in the orange and red categories 

achieved the recommended waiting time. These delays in 

initial emergency care due to protracted Emergency 

Department waiting time could hinder or delay urgent 

surgical interventions. The poor ‘waiting-time’ perfor-

mance is unacceptable for the severely injured (yellow and 

red) and confound the efforts to establish formal EMS and 

improve the access to surgery and emergency services [2, 

37, 43–47]. Emergency Department waiting time has been 

utilized as a trauma system audit filter and is an important 

factor for optimal outcome of severely injured patients; its 

improvement is in keeping with the aims of trauma systems 

and global surgery initiatives [2, 17–20, 37, 43]. 

 

In relation to patient severity in terms of the triage 

categories, the high rate of patients discharged directly from 

the Emergency Department could be a result of 

inappropriate referrals and over triaging in lower-level 

facilities. Inappropriate referrals have been reported to 

result in wastage of resources by treating minor injuries in 

referral centers [43]. It is therefore speculated that inap-

propriate referrals may have led to the protracted waiting 

time observed, which could be averted by instituting 

inclusive trauma systems that empower lower-level facili-

ties with the skills to definitively treat less severe injuries 

[43, 44]. 

 

Study limitations 

 

This study could not establish the overall burden of trauma 

patients as it utilized hospital data; instead, it has provided 

a snapshot of the proportion of trauma patients presenting to 

the Emergency Department. 
 

The use of hospital data may well underestimate the 

actual number and proportions of trauma patients, care 

process and outcomes (such as mortality) as it does not 

account for out-of-hospital cases: the comparison with other 

studies is therefore based on similar hospital data and not 

prevalence studies. 
 

Causes of prolonged waiting time could not be interro-

gated by this study in more detail (e.g., a lack of emergency 

doctors, delayed imaging and laboratory, or lack of 

admission beds). 
 

 

Conclusion and recommendations 

 

Emergency Departments in Botswana hospitals are con-

fronted with high proportions of trauma patients due to blunt 

and penetrating injuries, who mostly present with less 

severe injuries, the majority being of soft tissue in nature, 

which could be treated in lower-level facilities, given 

adequate resources. Falls, interpersonal violence and RTC 

predominate as the leading causes of injury. The care 

process as signified by Emergency Department waiting time 

and the pre-hospital transport system is deficient. The 

comparison between pediatric and adult groups shows a 

close similarity in patient characteristics and challenges in 

the care process among these categories. 
 

Areas for future intervention include: injury prevention 

for targeting falls, violence, as well as improvement of pre-

hospital services, and the reduction of prolonged Emer-

gency Department waiting time. Owing to the existing 

extensive public hospital inter-hospital transport network, 

providing training to the current staff, improving equip-

ment and merging this transport network into the formal 

ambulance system could mitigate the obvious deficiency 
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and catapult the pre-hospital services in Botswana to more 
appropriate functionality. 
 

Care-process variables such as patients waiting time, 

triage categories and rate of patient’s disposition may be 

used for auditing the quality of trauma care in this setting. 
 

Trauma care organization as described in the ETC 

guideline may improve the situation in Botswana, and the 

ETC guideline among other things directs how to ensure 

minimum necessary resources and skills, institution of 

triage and referral protocols in lower-level facilities, 

appropriate data collection, monitoring and quality 

improvement systems and finally the development of 

inclusive trauma care. 
 

These findings and recommendations may be useful for 

planners, educators and policy makers in Botswana and 

across many LMICs due to similarities of challenges in 

trauma care provision. 
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Abstract  
Background Developing countries face the highest incidence of trauma, and on the other hand, they do not have 

resources for mitigating the scourge of these injuries. The World Health Organization through the Essential Trauma 

Care (ETC) project provides recommendations for improving management of the injured and building up of systems 

that are effective in low–middle-income countries (LMICs). This study uses ETC project recommendations and other 

trauma-care guidelines to evaluate the current status of the resources and organizational structures necessary for 

optimal trauma care in Botswana; an African country with relatively good health facilities network, subsidized public 

hospital care and a functioning Motor Vehicle Accident fund covering road traffic collision victims.  
Method A cross-sectional descriptive design employed convenience sampling for recruiting high-volume trauma 

hospitals and selecting candidates. A questionnaire, checklist, and physical verification of resources were utilized to 

evaluate resources, staff knowledge, and organization-of-care and hospital capabilities. Results are provided in plain 

descriptive language to demonstrate the findings.  
Results Necessary consumables, good infrastructure, adequate numbers of personnel and rehabilitation services were 
identified all meeting or exceeding ETC recommendations. Deficiencies were noted in staff knowledge of initial 

trauma care, district hospital capability to provide essential surgery, and the organization of trauma care.  
Conclusion The good level of resources available in Botswana may be used to improve trauma care: To further this 

process, more empowering of high-volume trauma hospitals by adopting trauma-care recommendations and inclusive 

trauma-system approaches are desirable. The use of successful examples on enhanced surgical skills and capabilities, 

effective trauma-care resource management, and leadership should be encouraged. 
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Background 

 
The highest trauma incidence is found in developing coun-tries 

where resources for curbing the scourge of injury are minimal 

[1]. The Essential Trauma Care (ETC) project shows there are 

very low presence of skills, resources, and organizational 

capacity in areas confronted with the highest burden of trauma 

in developing countries [2]. Trauma patients in these countries 

present with wider and varied 
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Table 3 Trauma-care supporting services in Botswana’s main hospitals    
     

Subject/activity Assessment item Hospitals   
       

    Nyangabgwe Mahalapye Princess 

      Marina 
     

Specialists and core services available in the hospital 1. General surgeons 3 1 8 

 2. Anesthesiologists 5 1 8 

 3. Nurse-anesthetists 5 3 6 

 4. Pediatric surgeons 1 0 1 

 5. Orthopedic surgeons 2 3 4 

 6. Neurosurgeons 2 0 2 

 7. Vascular surgeons 0 0 0 

 8. Thoracic surgeons 1 0 1 

 9. Maxillofacial surgeons 0 0 1 

 10. Radiologists 2 0 2 

 11. Urologists 3 0 0 

 12. ENT surgeons 2 0 2 

 13. Plastic surgeons 0 0 0 

 14. Intensive care nurses NA 1 4 

 15. Multiple theaters for multi-specialties 4 3 10 

 16. Dedicated emergency theater 0 1 0 

 17. Adult ICU beds 5 3 10 

 18. Neonatal ICU beds 10 1 4 

Other supporting services available routinely 19. Occupational therapists ? ? ? 

 20. Physiotherapy services ? ? ? 

 21. Social work services ? ? ? 

 22. Dietitian services ? ? ? 

 23. Orthotic services ? ? ?  
 
? Service available, – services not available, NA missing data (information unavailable during data-collection) 

 
 

 

would obviously be to modify the grid according to local 

circumstances or adopt superior guidelines as to improve 

and sustain the trauma-care progress: For instance, in South 

Africa, the trauma society has provided recommendations 

for trauma centers, and maintain guidelines that guide 

trauma practice countrywide [14]. 
 

Knowledge of trauma care for most of the emergency 

room providers was found to be inadequate. There has been 

a previous report which offers teaching experience in such 

scenarios within LMICs context: In Ghana for instance, 

following reports on deficiencies in trauma-care knowl-

edge, the Kwame Nkrumah University of Science and 

Technology started to provide short tailor-made trauma 

courses, which led to improved skills [28]. Many other 

similar instances in sub-Saharan Africa [29–32] offer 

practical learning experiences considering LMICs resour-

ces. In comparable situations, higher income countries 

ensure adequate trauma-care skills among their providers by 

ascertaining proper training and certification and strict 

adherence to stipulated guidelines [12–15].In this study, 

 
 

 

the deficiencies in capacity to render a wider range of 

surgery for critical trauma conditions in the busiest district 

hospital represent a great human resource and skills prob-

lem in Botswana and likely many other LMICs. 
 

Assigning surgical roles to non-specialists (task-shift-

ing) has been described in LMICs, but remains limited to 

minor to moderate non-complex injuries and surgeries [33, 

34]. 
 

Surgery outreach programs; considering short distance the 

district hospital is situated from referral hospitals may improve 

patient care in the short term. Partnership between the ministry 

of health and training organizations such as the College of 

Surgeons of East, Central and Southern Africa, among others, 

has been described as a cost-effective way for generating 

specialists in LMICs [34, 35]. The effective long-term changes 

in human resources procurement and development for trauma 

care will likely result from: functioning trauma systems [2, 12–

15, 36, 37], and research-oriented curricula in universities 

which address local trauma care needs [3–6]: an example being 

in Niger, 
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Table 4 Trauma-care supporting services and resources in the emergency room   
    

Assessment item Nyangabgwe Mahalapye Princess Marina 
    

Services and equipment available    

1  Emergency bay beds 5 10 10 

2  Emergency bay surge capacity 15 15 25 

3  Wheeled trolleys 10 10 10 

4  Wheelchairs 2 4 0 

5  ECG Monitors 1 1 6 

6  Defibrillator 1 2 1 

7  Ventilators 0 1 2 

8  Ultrasound scan machine AH AH ? 

9  X-ray machine AH AH AH 

10. CT scanner AH – AH 

11. MRI scanner AH – – 

12. Chemistry analyzer AH AH AH 

13. Hematology analyzer AH AH AH 

14. ABG analyzer – ? ?  
 
? Service available, – service not available, AH service available in the hospital and not in emergency room 

 

 

Table 5 Assessment of hospitals’ capacity for trauma-care organization  
 
Assessment theme Hospitals   
     

  Nyangabgwe Mahalapye Princess 

    Marina 
     

1  Presence of trauma team (if yes explain composition) – – – 

2  Presence of trauma team activation protocol (If yes explain composition) – – – 

3  Presence of ongoing in-house trauma training (If yes explain who are the conveners) – – – 

4. If answer to 3 is yes, how many times did the trauma training (mentioned above) run in the past – – – 

 year    

5  Presence of Quality Improvement initiatives (mortality- and morbidity-meetings, panel review – – – 

 etc.)    

If yes mention which one is conducted and how many times per quarter (3 month) and who are the    
members    

6  Presence of protocol for handover of polytrauma patients – – – 

If yes describe    

7  Presence of protocol for transferring polytrauma patients between specialists or facilities – – – 

If yes describe    

8  Dedicated trauma registry – – – 
    

– Service or provision not available    

 

 

where the local university developed a surgery program to 

address needs in the district settings [38], and the prior 

mentioned instances may work well for Botswana and many 

other LMICs. 
 

Trauma-care organization, such as the presence of trauma 

teams, trauma-team training, quality improvement 

initiatives, policies for receiving or referring trauma 

patients, and presence of a trauma registry, did not exist in 

any of the hospitals evaluated in Botswana. Studies in 

 

 

Africa have previously showed poor trauma-care organi-

zation, resulting to poor care even in presence of the nec-

essary physical resources. In a recent report, researchers in 

Ghana identified the absence of trauma-care organization as 

the cause of high mortality and morbidity in a local hospital 

[39], while elsewhere, for instance in the UK, incorporating 

trauma organization to the standard practices showed 

improvement in quality of care and survival [40]. Trauma-

care organization is a low-cost initiative, which 
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may be more easily replicated in LMICs than many other 

components of the trauma system. The ETC project through 

its guideline and other guidelines strongly advo-cates for 

establishment of trauma-care organization [2, 12–15].The 

Bellagio essential surgery group, like the ETC project [2, 

33], urges nations to establish trauma-or-ganization key 

persons in high ministerial positions: In these models, 

individuals with appropriate background and skills are 

recommended to oversee trauma-care develop-ment at the 

ministry of health level. 
 

 

Limitations 

 

This study used surgical register data and indirectly inter-

viewed heads of departments to assess hospital capabilities 

in performing complex definitive trauma surgical opera-

tions, instead of conducting interviews with multiple 

individual practitioners, although our method was practi-

cal, it may have overestimated the capabilities. The high 

trauma-volume district hospital included in this survey 

receives much more attention from the government than an 

average district hospital in Botswana; therefore, the find-

ings in this hospital may reflect far better conditions than 

other district hospitals. It is therefore worthy to consider that 

our convenience sampling during interviews and inclusion 

of the three specific hospitals may have intro-duced 

confounders in the results that may be difficult to generalize. 
 

 

Conclusion and recommendations 

 

Assessment of resources for airway, breathing, circulation, 

and rehabilitation services using ETC guideline shows 

Botswana meet or exceed recommendations stipulated. 

There were, however, inadequacies in knowledge of initial 

trauma care among emergency room providers, while 

capacity for managing severely injured patient was lowest 

in the district hospital. Lack of trauma-care organization 

was evident in all hospitals, despite the previous initiatives. 

Considering hospital locations and population distribution 

in Botswana, establishing a capable trauma center in the 

district hospital along the busiest highway will enable best 

care of the injured. Utilization of trauma courses such as 

DSTC, ATLS, Advanced Trauma Course for Nurses 

(ATCN), or their replicas may ensure adequate capabilities 

in trauma hospitals and mitigate deficiencies of the nec-

essary skills. Because there are some components that 

already exceed ETC recommendations, adopting trauma-

center guidelines that have been piloted in Africa context, 

such as the one described by Hardcastle et al. [14], may be 

suitable for Botswana. 

 

System-wise approach, borrowing from primary care 

models as discussed, and ultimately inclusive trauma sys-

tem may improve the current situation. The findings of this 

research can be used for: promoting further training, 

medical curricula development, recruitment by ministries of 

health and hospitals, and skills re-assessment, and 

accreditation by medical professional bodies. 
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See Tables 6, 7 and 8. 
 

 

Table 6 Simulation description and scoring checklist for assessment of 
nurses’ knowledge of initial management for the severely injured 
patients  
 
Participant identification  
Designation  
Courses undertaken 
 
Randal, a front seat unrestrained passenger was thrown out of the 

car after head-on collision. Half an hour later he was picked up 
by road patrol and rushed to a nearby specialist’s hospital, and 
he was found semiconscious, BP 80/50, with noisy breathing, 
pulse rate of 110/min, and his trousers soaked with blood. 

 
(a) Considering primary survey (ABCDE), what would you do to 

manage him? (within your capacity) (total score 23 marks) 
 
A. Asses for Airway and 
 
B. Breathing by:  

1. Feeling for airway patency, 
 

2. Trachea position, 
 

3. Looking for breathing pattern/signs of distress, 
 

4. Listening to the chest for problems with breathing 

Manage airway and breathing by: 
 

1. Clearing airway (and insertion of oral/nasal airways) 
 

2. Perform Jaw thrust–Chin lift 
 

3. Protect C Spine/placing on hard neck collar 
 

4. Giving oxygen/bag-valve-mask device  
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Table 6 continued  
 

5  Treating tension pneumothorax by needle 

 thoracostomy(insertion on the second intercostal space) 

6  Sealing open pneumothorax 

C. Assess the circulation and presence of shock by: 

1  Looking for color or pallor 

2  Feel warmth of extremities 

3  Assess for capillary refill 

4  Use adjuncts such pulse oximeter 

5  Look for external hemorrhage 

6  Control external hemorrhage by pressure 

7  Insert large bore cannular and run 1 L of warmed crystalloid 

 fast 

8  Draw blood for grouping x matching, CBC, chemistry 

9  Insert foley and record urine output 

D. Assess for consciousness 

1  Assess pupils dilation/motor(lateralization) 

2. prevent secondary Brain injury by administering high flow 

 
Table 7 continued  
 

Look, listen, feel 1. Face  
2. Mouth  
3. Neck  
4. Chest 

 
Recommend management—of the possible life-threatening 

conditions—6 marks  
Focus to exclude 1. Airway obstruction 

Life-threatening conditions listed 2. Tension 

  pneumothorax 

 3. Open pneumothorax 

 4. Massive 

  pneumothorax 

 5. Pulmonary contusion 

  and flail chest 

 6. Cardiac tamponade 
 
C, Recommend assessment of ‘circulation’ with regard to possible 

sources of bleeding 

 
oxygen  

E.  
1. Cover the patient 

 
2. Re-assess (and record)  

 
 
 
 
 
Table 7 Simulation description and scoring checklist for assessment of 
doctor’s knowledge of initial management of the severely injured 
patients 

Expected 
 

Focus on shock by assessing sources 
of bleeding 

 
(mentioning of vital signs and the 
focus-sites 1 mark total 9 marks) 

 
1. Pallor 
 
2. BP 
 
3. Pulse rate 
 
4. Temperature 
 
5. External bleeding 
 
6. Chest 
 
7. Abdomen 
 
8. Pelvis 
 
9. Long bones 

 
Participant identification   
Courses undertaken 
 
Randal a front seat unrestrained passenger was thrown out of the car 

after a head-on collision. Half an hour later, he was picked up by 
road patrol and rushed to a nearby specialist’s hospital. He was 
found semiconscious while the driver was confirmed dead at the 
scene. 

 
With regard to primary survey, considering ‘airway/breathing’(total 

score 25 marks) 
 
(a) How would you assess him (4 marks), (ii) recommend 
management of the possible life-threatening conditions (6 marks) 

 
(b) Recommend assessment of ‘circulation’ with regard to possible 
sources of bleeding (9) 

 
(c) Recommend a plan for initial assessment and management of 
disability(6)  

Scoring checklist 
 
A, B Assessment-considering ‘airway/breathing’ (i) how would you 

assess him—4 marks  

 
D, Recommend your plan for initial assessment and management of 

‘D’ disability—6 marks  
Expected   

Assessment 1. Glasgow coma 

  scale(GCS) 

 2. Pupils 

 3. Lateralizing signs 

Management 4. Oxygenation 

 5. Maintaining perfusion 

 6. Intubation if GCS is 8 

  or below 
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Table 8 Assessment of hospital capability for performing advanced definitive trauma surgery procedures 
   

Head and neck injuries   

1  h Performing burr-hole for intracranial hemorrhage 3. h Exposing the injured carotid artery 

2  h Performing craniectomy for intracranial hemorrhage 4. h Repairing lacerated external jugular vein 

Cardiothoracic injuries   

5  h Performing anterolateral thoracotomy 10. h Managing subclavian artery injuries 

6. h Performing median sternotomy 11. h Repairing traumatic cardiac injury 

7  h Performing clamshell thoracotomy 12. h Cross-cramping aorta in traumatic aortic Injury 

8. h Stopping traumatic internal-mammary bleeding 13. h Performing pulmonary tractotomy 

9  h Exposing subclavian injuries in its entire course 14. h Cross-cramping pulmonary main bronchus 

Abdomen and pelvis Musculoskeletal injuries 

15. h Performing diagnostic laparoscopy 23  h External fixation of long bones 

16. h Performing trauma laparotomy 24. h Fixation of long bones by plates 

17. h Packing of the bleeding liver 25. h Managing lower extremity compartment syndrome 

18. h Shunting of the aortic injury 26  h Saphenous vein graft harvesting 

19. h Shunting of iliac artery injury 27  h Performing vein interposition graft 

20. h Repair of lacerated Inferior vena cava 28  h Repairing brachial artery injuries 

21. h Providing various core temperature re-warming technique 29. h Performing fasciotomy of lower extremity 

22. h Performing damage control surgery 30  h Performing escharotomy in its entirety 
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These reports show Botswana was confronted with a high incidence of trauma due to RTC. While its 

emergency rooms are frequented with trauma cases, its capacity to manage severe injuries is limited by 

low usage of formal emergency medical services (EMS), and the absence of a formal trauma system. 

Although Botswana seems to exceed minimal resources for the WHO essential trauma care guidelines, 

there are care process limitations such as over triage in lower-level hospitals, limited trauma-care skills 

among providers, deficient capacity for critical surgery procedures in trauma hospitals, and deficient 

organisation of care. These limitations constitute their trauma-care challenges and place it in a similar 

situation to other LMICs. Comparable challenges to these findings have been found in other LMICs 

with no trauma systems, and they are discussed in these reports. Botswana, having more resources than 

the minimal recommendation stipulated by WHO for essential trauma-care, may need to devise its own 

trauma care guidelines to suit its situation. A similar initiative was undertaken in South Africa, the only 

sub-Saharan African country with a well-functioning trauma system.The recommendation from these 

two reports may be generalised to other countries in LMICs. Further, they may be used for research, 

training and for service planning. 
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Chapter 5 

Primary study from Tanzania 

Tanzania is confronted with high rates of trauma incidence and suffers limited capacity to respond to 

trauma scourges. Similar to situations in many other LMICs as defined before in this thesis, Tanzania 

requires trauma care systems to manage its healthcare resources, develop appropriate organisation of 

care, and build up skill capacities among health professionals [2,28].  

The economic and service-provision gains that may arise from instituting a trauma care system have 

been described by individual researchers and the WHO in the essential trauma care guidelines (2, 28). 

These benefits result from pooling of patients, which results in less resource utilisation and escalation 

of skills necessary among healthcare providers, with better skill retention. For instance, the meager 

resources such as hospitals or healthcare professionals needed in care provision would be efficiently 

utilised by using a well-organised care system for sifting patients to appropriate hospitals in an inclusive 

trauma system (2).  

In order to build an efficient trauma system in LMICs, important basic steps must include conducting a 

local needs assessment, hence the following study in Tanzania evaluated the existing healthcare 

structures and critical entities for developing a trauma system. The study assessed the hospital burden 

of injuries, characteristics of trauma patients, and the trauma care process. Further, the study assessed 

the performance of trauma care processes and their impact by comparing hospital and out-of-hospital 

trauma deaths within the same catchment areas. 
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The report made an important key observation for trauma care development in Tanzania. 

The study identified a well-functioning patient referral system, transport network and 

potential financing systems that can be cost-effectively converted to, or utilized in, 

trauma care system development. It also points out trauma care challenges such as poor-

quality patient records, inefficient triage, and the lack of a protocolized care process. 

The need for system installation, changes in health professional training and continued 

appraising have been identified, options highlighted and recommendations provided. 

Findings have been compared against other LMICs and hence recommendations may 

be used in other similar contexts in Sub Sahara Africa. 
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Chapter 6 

Synthesis, Conclusion and Recommendations  

The Cochrane review showed many injury-related deaths and disabilities occur in LMICs. 

Similar findings were reported in many primary studies in LMICs and sub-Saharan Africa 

(20, 32-34). Comparative reports in HICs show lower death rates and morbidity associated 

with the implementation of trauma system approaches. These HICs’ approaches may not be 

feasible in LMICs because of their high cost (55-58). Therefore, it was imperative to 

investigate the effectiveness of the trauma system in order to advocate for practical solutions 

in LMICs. 

 Primary studies in Botswana and Tanzania in this thesis sought to understand in-hospital 

burden of traumatic injuries, process of care, resources available, and patient-outcomes in the 

main hospitals (55-57). This is novel work in that most prior studies have focused on one 

facility or one pathology, thus limiting the generalizability of the findings.  

Findings from the Cochrane review showed several primary researchers reported usefulness 

of trauma systems in managing injuries. The review reported reductions in deaths, 

complications from injuries, and cost in HICs. However, there were limitations to the 

evidence of effectiveness due to the lack of high-quality primary studies (59).  

Reports of primary studies in both Botswana and Tanzania showed higher prehospital trauma 

deaths than hospital deaths, predominant injury incidents in youth and young adults, 

deficiencies in recording of medical data (55-57). Despite limited human and material 

resources (2,28) both countries exhibited inappropriate triage of minor injuries to referral 

hospitals and subsequent high rate of minor surgeries performed in these hospitals. Such 
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minor surgeries could be undertaken at lower-level hospitals to allow more complex 

conditions to be managed in referral hospitals (55-59).  

 Concurrently, the primary studies report showed there was a well-functioning referral 

network from lower-level to higher-level hospitals, an established inter-facility patient 

transport system (albeit with limited training and staff-skill), and common use of commercial 

vehicles, police vehicles and private vehicles for transporting patients. Furthermore, both 

countries possessed a functioning death and birth registry system, a healthcare financing 

system, and emergency medicine physician training programs (56-58). In Botswana, a formal 

ambulance system was more used and resources in some hospitals exceeded the WHO 

essential trauma recommendations (52,56-57). 

 

Conclusion  

Countries in sub-Saharan Africa have systems and infrastructure in place that may be improved 

to establish and progressively build up the needed trauma systems. Deficiencies in triaging, 

recording of patient data, funding, personnel knowledge and skills, hospital technical capacities 

and organisation of care could be managed by instituting trauma system approaches advised by 

the WHO, and by borrowing from other functional trauma systems worldwide. Utilizing 

existing opportunities and resources in individual countries may create Afrocentric systems that 

use existing systems and ensure affordability and an improvement in overall patient outcomes. 

This may eventually lead to formalized trauma systems over time. 

 

 

Recommendations 
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Utilisation of standard trauma care protocols in referral hospitals and high-level hospitals may 

improve over-triaging, care processes and better manage resources. Hierarchies in the health 

facilities that exist may adopt standard referral systems to sift (or triage) the non-urgent 

patients. Regional and provincial hospitals could steer regionalised trauma systems by giving 

trauma care administrative roles to the health management team leadership structures, such 

teams are already in existence in almost every region or province. Further, the lead health 

teams in the region could utilize and expand existing outreach programs to build capacity in 

the lower-level facilities to act as level 4 and 3 trauma centers. Roles similar to accreditation 

of trauma centers could be incorporated and amalgamated with other quality care roles that 

regional health boards are already performing.  

The need for an Emergency Medical Service component could be developed using the wide-

spread interhospital transport network already in existence by using the patient transport vans 

and panel-vans already present in every facility but based at the hospitals and by training of 

the crews. The gap in equipment and skills of the crew in these vehicles could be easily 

managed locally by adapting and modifying equipment, or procurement of extra equipment 

and setup locally relevant training and accreditation instruments. Trauma care training already 

exists in Botswana and Tanzania through their emergency medicine departments, further the 

training could be overseen by trauma leads from each of the health boards in the district or 

region. To fill in the gap, commercial vehicles that are already widely in use could be 

improved by appropriate regulation, and accreditation of the crew and equipment. This can be 

achieved by, for example, creating private-public partnerships for initial care and patient 

transportation. Further, this will require recognizing prehospital professional cadres and 

training in Tanzania where prehospital crews are not yet registered or accredited. 
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Adopting formal trauma registries will ensure a recording system that will include all 

important patient variables to enable quality assessment, and patient outcome evaluations to 

appraise trauma care. Adaptation of practical trauma registry models should be advocated, 

and should be incorporated into trauma care curricula and taught to frontline healthcare 

personnel. Existing nationwide mortality registries should be redesigned to provide 

opportunities for trauma care appraisal for quality of care. 

Advocacy to encourage funding for prehospital care will quickly improve quality, increase the 

number of providers, foster training and eventually may reduce prehospital mortality and 

morbidity. Health boards are in a good position to ensure these, where there are no centralized 

systems. Health boards and trauma leads may involve private and non-private partners who 

are already engaging in prehospital transport, or patient retrieval, such as the fire department, 

police department, Red Cross societies and funding bodies that exist. 

Regional health boards such as regional health management teams should eventually form 

regionalised trauma systems with aims to set up trauma prevention and treatment systems as 

described above. Ministries of health should utilize the existing supporting system to their 

regional health boards similar to the one used in ‘essential services packages’. This is a 

current pressing need for both Tanzania and Botswana, and this likely applies to the rest of 

sub-Saharan Africa since they share similar challenges, as evidenced in recent reports from a 

number of countries in the region (60-65).  

 Ministries of health, relevant healthcare professional bodies including the National Surgical 

societies, Emergency Medicine physician societies, nurses and allied health professional 

boards, and training institutes should review curricula for frontline trauma-care personnel. 

Major reviews of health professional curricula will address gaps noted in the providers 

knowledge on trauma care, and its organisation, and provide trauma research skills that are 
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pertinent for quality care. A collaboration of local and regional professional bodies such as the 

College of Surgeons of East Central and Southern Africa, West African College of Surgeons, 

or the Association of Surgeons of South Africa, may hasten regional harmonization and 

maintain standards. Finally, the recent interest among African countries in the World Health 

Organisation’s National Surgical Obstetric and Anaesthesia Plan concept would also enhance 

trauma care capacity, through improved overall care of surgical pathology and the overlap of 

hospital quality of care initiatives. This latter plan aims to address all aspects of surgical and 

related care from the system perspective and includes trauma care provision. 
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Consent form, Data forms and Questionnaires  

 

Consent form 
 

 
 

 

Information Document and Informed Consent Form 

 

Trauma care in Sub-Saharan Africa: challenges and opportunities in Botswana and Tanzania for 

implementing Afrocentric systems. (BREC 487/14) 

 

Dear potential participant 

 

Introduction: 

Trauma is among the leading causes of morbidity and mortality in Africa comparable to infectious disease. The 

burden of trauma is rising in developing nations where there is also limited resources for its management. 

This research is approved toward a PhD at UKZN aiming to conduct a need analysis for developing a local Trauma 

System in low and middle-income countries. Information will be gathered by interviewing health care workers and 

hospital administrators. Other means of gathering information will be by reviewing records, registries and 

conducting audit of resources in health care facilities. This study is purely an observational study involving registry 

and records reviewing that will be performed by the investigator. The study will also interview important 

stakeholders in trauma management, as such no monetary or any other form of remuneration for participating in 

this research will be offered. 

 

Involvement:  

By consenting to participate, you agree to undergo an interview by responding to a questionnaire administered by 

the researcher. The questions will relate to physical and human resources and skills required for caring for the 

injured patient, adverse events during caring for injured patients and patient outcomes.  

 

Confidentiality: 

All information collected during this research will be confidential. We will use a code instead of your name. The 

code dictionary will be maintained by the investigator for the duration of the study only and it will be locked in 

safe cabinets accessible by the research team only. Results from this study may be shared with the scientific 

community through publications/reports. However, information on the publications/reports will come from 

analysis of aggregated data with no possibility of identifying individual study participants such as yourself, no any 

identifiers will be used in any collated data or publications.  

Withdrawal from the study:  

 Your participation in this study is voluntary; you therefore have a right to withdraw from the study anytime. In 

case of withdrawal your information will be destroyed and will not be used as part of the data. 

 

Risks and Benefits:  

There are no risks involved in participating in this study. Results of this research will help to improve the care of 

the injured patient by providing information for better planning health care provision and training of health care 

workers. The raw data will be stored in secure environment and will be destroyed after 5 years as per UKZN 

research policy. 

Contacts: If you have questions regarding your participation in this study, you may contact the following   

 

Dr. Michael Mwandri 

Principal Investigator 

P O Box  135 Duluti, or C/o Arumeru District Hospital, Arusha - Tanzania 

Cell: +255 755 485 521, mwanrister@gmail.com 

or 
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Prof. Lawrence Museru (Co-supervisor for Tanzania part of study) 

School of health sciences, University of Dar es salaam 

P O Box 35091, Dar es Salaam - Tanzania 

Cell: +255 786 972 

lmuseru@yahoo.com 

 

or 

 

The chairman, National Health Research and Ethics Committee (NatREC)- Tanzania 

2448 Luthuli/Ocean road 

P O Box 9653, Dar es salaam 

Tel: +255 22 2121400 

hqs@nimr.or.tz 

 

or 

 

The University of Kwazulu Natal Biomedical Research Ethics Committee (BREC):  

Research Office, Westville Campus 

Govan Mbeki Building, Private Bag X 54001 Durban 4000 

KwaZulu-Natal, SOUTH AFRICA 

Tel: 27 31 2604769 - Fax: 27 31 2604609 

Email: BREC@ukzn.ac.za 

 

 

Written Consent / Agreement:  

I________________________________ (name of participant) being of a sound mind to consent, have been 

informed about the study entitled ‘Trauma Care in Sub-Saharan Africa: Challenges and Opportunities in 

Botswana and Tanzania for implementing Afrocentric systems. I have been given the opportunity to ask 

questions concerning the study and these have been answered to my satisfaction. I understand that I may at any 

time during the study revoke my consent and withdraw from the study without any penalty or any consequence. I 

therefore volunteer to participate in this study.  

Signature of participant ___________________________ Date_________________ 

Signature of witness      ___________________________ Date _________________ 
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Data forms& Questionnaires 

 

Table 1: Burden, care process 
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Table 2: Presence of emergency department’s core services  

 

 

 

 

 

Table 3: assessment of presence of basic equipment & consumables for Airway(A) and 

Breathing (B) 



108 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4: Assessment of presence of basic equipment & consumables for circulation (C) 
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Table 5: Assessment of presence of human resource & skills 

 

 

 

 

 

 

Table 6: Assessment of trauma surgery procedures 
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Table 7: Assessment of trauma deaths among mortuary admissions 

 

 

Table 8: Assessment of organisation of trauma care 
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Table 8: Assessment provider’s skill form #001 

 

 

Table 9: Assessment of provider’s skill form #002 
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