
Major trauma in Western Australia and the effects 

of distance, time and remoteness on mortality. 

 

 

Daniel M Fatovich MBBS FACEM 

 

 

 

 

 

 

 

 

 

 

 

 

 

Discipline of Emergency Medicine 

University of Western Australia 

 

This thesis is presented in fulfillment of the requirements for the degree of Doctor of Philosophy 

 

2012 



 ii 

DECLARATION 

 
I declare that the research presented in this thesis, as part of the degree of Doctor 

of Philosophy at the University of Western Australia, is my own work, unless 

stated otherwise. The results of the work have not been submitted for assessment, 

in full or part, within any other tertiary institute, except where acknowledgement 

has been made in the text. 

 

 

 

Daniel Fatovich 



 iii 

 

DEDICATION 

 

This thesis is dedicated to my parents, Marijan and Winnie Fatovich. Education 

was extremely important to them. They battled their own issues of distance, time 

and remoteness, and taught me the value of hard work and persistence. These 

were essential qualities for completing this thesis.  



 iv 

 

ACKNOWLEDGEMENTS 

 

 

It is impossible to complete such an undertaking without the help of others. First 

and foremost, I am very grateful for the love, support and sacrifices of my 

family. Shauna, Laura, Julie and Sam are very understanding of my passion for 

research and academia, and have always kept me grounded. Their generosity in 

allowing me time to pursue my dream cannot be overstated. 

 

Ian Jacobs is a friend rather than a supervisor and we have worked together over 

many years. His academic experience has been an invaluable guide and I have 

always thoroughly enjoyed our discussions. 

 

I first met Stephen Langford when we were working in Port Hedland in 1984. 

This was my first direct exposure to the work of the RFDS and I have 

appreciated his expert contribution. 

 

I have come to know Michael Phillips as an astute and wise biostatistician. His 

support was invaluable. The best part was the wonderful intellectually 

stimulating discussions we regularly had which helped fashion much of this 

work. 

 

The support of the Trauma Registry staff made this work possible. In particular, 

the highly efficient and effective work of Maxine Burrell made a huge 



 v 

difference. Other staff who helped include Jennifer Leslie, Lyn Ashton, and 

Amanda Esson. I also owe a debt of thanks to my colleagues, especially 

Sudhakar Rao, David Mountain, and Gary Geelhoed. 

 

The Royal Perth Hospital Library provided fantastic assistance. In particular, I 

need to thank Alex Petrie and Charmian St John. Silvana Rossi from the Medical 

Records department helped enormously with diagnostic coding issues. 

 

The expertise and skills of the WA Data Linkage Branch allowed this project to 

proceed. Special thanks to Di Rosman and all her staff, but especially Melinda 

Burmas, who helped with the initial ARIA work. Also, I am grateful for the 

support of the Department of Health, especially Dr Simon Towler; and for the 

support of the Raine Medical Research Foundation, especially Lyn Ellis. 

Similarly, the Office of the State Coroner was very helpful, especially Rachel 

Whalen. 

 

The organisational support of the Discipline of Emergency Medicine at the 

University of Western Australia was tremendous. The wonderful cheerfulness 

and efficiency of Roz Jaworski is a lasting memory, as is the help and expertise 

of Nick Gibson, who helped unlock some of the secrets of SPSS. 

 

The staff of the Centre for Clinical Research in Emergency Medicine at Royal 

Perth Hospital provided expert assistance and advice at all times. Special thanks 

to Sophie Damianopoulos and Ellen Macdonald. Sharing an office with Simon 

Brown has been one of the best experiences in my research career. 



 vi 

 

My emergency physician colleagues at Royal Perth Hospital are amazing. One 

could not hope to work with a more talented, dedicated and jovial team. I 

consider myself to be extremely fortunate to be a member of this team. Special 

thanks to Steve Dunjey, who proofread my papers from the perspective of his 

enormous clinical knowledge and wisdom. 

 

Finally, I would like to thank the anonymous journal reviewers who provided 

their expert input into my papers. Although I didn’t always agree with them, the 

process of being challenged produced better papers. 

 



vii



 viii 

 
 
1. Fatovich DM, Jacobs IG. The relationship between remoteness and trauma 

deaths in Western Australia. J Trauma 2009;67:910-914. Impact factor 3.129. 

(Chapter 3) 

2.  Fatovich DM, Phillips M, Langford SA, Jacobs IG. A comparison of 

metropolitan vs rural major trauma in Western Australia. Resuscitation 

2011;82:886-890. Impact factor 4.177. (Chapter 4) 

3. Fatovich DM, Phillips M, Jacobs IG, Langford SA. Major trauma patients 

transferred from rural and remote Western Australia by the Royal Flying Doctor 

Service. J Trauma 2011; 71:1816-1820. Impact factor 3.129. (Chapter 5) 

4. Fatovich DM, Phillips M, Jacobs IG. A comparison of major trauma patients 

transported to trauma centres vs non-trauma centres in metropolitan Perth. 

Resuscitation 2011;82:560-563. Impact factor 4.177. (Chapter 6) 

5. Fatovich DM, Burrell M, Jacobs IG. Major trauma deaths at Perth secondary 

hospitals. Emerg Med Australas 2011;23:754-760. Impact factor 1.089. (Chapter 

7) 



ix

sdamianopoulos
Text Box
2011;71:1816-1820

sdamianopoulos
Typewritten Text

sdamianopoulos
Typewritten Text



x

sdamianopoulos
Text Box
2011;23:754-760



 xi 

PRESENTATIONS RESULTING FROM THIS RESEARCH 
 
 
 
2008 

The relationship between remoteness and trauma deaths in Western Australia 

(invited speaker) 

25th Annual Scientific Meeting, Australasian College for Emergency Medicine, 

Wellington, New Zealand. 

Royal Perth Hospital, Annual Trauma Symposium, Perth. 

Annual Scientific Meeting, WA Faculty, Australasian College for Emergency 

Medicine, Perth. 

 

2009 

Metropolitan versus rural major trauma in Western Australia (invited speaker) 

WA State Trauma Symposium, Perth. 

 

A population based cohort study comparing metropolitan and rural major 

trauma patients in Western Australia 

26th Annual Scientific Meeting, Australasian College for Emergency Medicine, 

Melbourne. 

 



 xii 

2010 

Rural trauma in WA (invited speaker) 

Annual Scientific Congress, Royal Australasian College of Surgeons, Perth. 

 

Rural vs Metropolitan Trauma - does location make a difference? (invited 

speaker) 

 A population based cohort study comparing metropolitan and rural major 

trauma patients in Western Australia 

13th International Conference on Emergency Medicine, Singapore. 

 

Major trauma deaths at Perth secondary hospitals (invited speaker) 

WA State Trauma Symposium, Perth. 

 

2011 

Using rural and remote data  (invited speaker) 

Trauma Research Summit, Injury and Trauma Health Network, Perth. 

 

The relationship between remoteness and trauma deaths in Western Australia 

(invited speaker)  

 St John Ambulance Country Conference, Perth. 

 

A comparison of metropolitan vs rural major trauma in Western Australia 

(invited speaker) 

Aeromedical Society of Australasia, Perth. 

 



 xiii 

Major trauma patients transferred from rural and remote Western Australia by 

the Royal Flying Doctor Service (invited speaker) 

WA State Trauma Symposium, Perth. 

28th Annual Scientific Meeting, Australasian College for Emergency Medicine, 

Sydney. 

 
 
 



 xiv 

SUMMARY 

 

Rural and remote major trauma is a serious problem in Western Australia (WA), 

where the issues of distance, time and remoteness are crucial. However, 

quantifying their effect on mortality has not been previously addressed. This 

thesis examined 9 years of linked major trauma data from the Royal Flying 

Doctor Service (RFDS), Trauma Registry, Death Registry and the Australian 

Bureau of Statistics. The standardised age-specific death rate per 100000 person-

years demonstrates an increased risk of death in Very Remote WA (RR 4.28, 

95%CI 3.93-4.68). Rural major trauma patients transferred to Perth by the RFDS 

are more severely injured than their metropolitan counterparts (median ISS 25 vs 

24, p = 0.001). There is an increased risk of death in rural major trauma patients 

(OR 2.60, 95%CI 1.05-6.53), but if a major trauma patient survives to be 

retrieved to Perth, the mortality outcomes are equivalent to the metropolitan area 

(OR 1.10, 95%CI 0.66-1.84). Risk increases by 87% for each 1000 km (OR 1.87, 

95%CI 1.007-3.48, p = 0.05) flown by the RFDS; whereas total pre-tertiary 

hospital time decreases the risk of death (OR 0.92, 95%CI 0.86-0.99, p =0.03) 

reflecting the ‘self-selection’ that occurs. There was no mortality benefit 

associated with time to definitive care in Perth. Potentially preventable deaths in 

Perth’s secondary hospitals were low. The most noteworthy were the elderly 

after falls, and trauma system efforts should be focused on this group. These 

results underscore the importance of injury prevention to improve survival from 

trauma. For rural trauma the best measure of rurality is not distance or time, but 

remoteness. 
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CHAPTER 1 

 

INTRODUCTION 

 

I have worked as an emergency physician in one of the busiest emergency 

departments in Australasia for many years. I have been struck by the burden of 

injury, especially major trauma, which is transferred from rural and remote 

Western Australia (WA). WA is a vast state, but the only hospitals that can 

provide the definitive care for major trauma are located in the capital city of 

Perth. Perth is remarkable for its isolation from other cities, and has been 

described as the most remote city on Earth.1 Hence, the management of major 

trauma in WA is heavily ‘Perth-centric.’ 

 

My experience, and that of my colleagues, is that we usually receive early 

notification of the pending arrival of major trauma patients from rural and remote 

WA. These patients are transferred by the Royal Flying Doctor Service (RFDS). 

However, transport times are long. The combination of these long transfer times 

with the uniquely remote geography of WA, led me to consider these issues in 

more detail. In addition to this, some major trauma patients require transfer from 

the outer metropolitan area of Perth to the inner city tertiary hospitals. This 

system has inherent delays potentially leading to worse outcomes. While these 

delays are not as lengthy as those being transferred from rural and remote WA, 

they are nevertheless an important system issue that requires examination. 
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This research aims to study these systems of major trauma care in WA, with a 

focus on those patients transferred from rural and remote WA by the RFDS. The 

majority of the paradigms of major trauma care are based on metropolitan major 

city direct transport to a trauma centre. However, there is limited applicability of 

that system in the environment of WA, where time and distance are the key 

issues. The distances and time intervals involved are the antithesis of the 

traditional urban trauma paradigm. 

 

Aims of this research 

 

The specific aims and questions to be addressed by this research are: 

 

1. To describe the epidemiology from trauma in rural and remote WA, including 

deaths prior to transfer. This allows for a population based estimate of the 

mortality due to trauma, using standardised age-specific death rates. In addition, 

the effect of remoteness on trauma mortality needs to be quantified. 

 

2. To directly compare the outcomes of major trauma in metropolitan Perth 

(transported directly to a tertiary hospital) with those who were transported from 

rural and remote WA by the RFDS. Are there differences in injury severity and 

the patterns of injury, and does this impact on mortality? What is the impact of 

time on mortality? 

 

3. To report the characteristics of major trauma patients transferred by the RFDS, 

and the effect of distance, time and remoteness on mortality. 
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4. To directly compare the outcomes of major trauma in metropolitan Perth 

(transported directly to a tertiary hospital) with those who were transported 

initially to a secondary hospital (non-trauma centre) and subsequently transferred 

to a tertiary hospital for definitive care.  

 

5. To describe those major trauma patients who were initially transported to a 

secondary hospital and did not survive long enough to be transferred to a tertiary 

hospital. This includes an assessment of the potential preventability of death. 
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CONTEXTUAL OVERVIEW 

 

Trauma is a major medical and social problem that has a huge impact on 

individuals and society. The one word that summarises the major issues of this 

project is ‘time’. The other key words, distance and remoteness, represent 

different perspectives of time. These impact on the distance from definitive care 

and the transport of the patient.  

 

The conventional paradigm of trauma system care is that trauma is a time critical 

illness. It is generally accepted that morbidity and mortality are adversely 

affected if definitive care is delayed. This time critical nature of trauma 

represents the cornerstone of urban trauma care. However, major trauma patients 

in rural and remote Western Australia take many hours, even greater than 24 

hours, to reach definitive care. The above paradigm has little relevance for such 

trauma patients, where time, distance and access to those with the necessary 

skills and knowledge (ie specialised care) are the key factors. There is little 

Australian data on this subject. Also, as WA is so vast and sparsely populated, 

the distances involved are not experienced elsewhere in the world.  

 

The total cost of injury in Western Australia in 2003 was estimated to be $2.9 

billion.2 Two thirds of this cost were for injuries to people in the Perth 

metropolitan area and the rest from injuries to people living elsewhere.2 That is, 

the total cost of rural and remote trauma in WA was approximately $1 billion for 

the 27% of people who live outside Perth.2 
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Many patients in this study are on the extreme end beyond the ‘golden hour’ of 

trauma care because of the transfer distances and hence time intervals involved. 

The data from this study may contribute to a better system of trauma care in 

Western Australia. It will contribute greater knowledge on trauma outcomes for 

patients with prolonged times to definitive care, which has direct relevance to 

disasters in other geographic regions.  
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CHAPTER 2 

 

INTRODUCTION 

 

The word injury comes from Latin words that mean “not right.”3 This is a 

particularly apt derivation because trauma is the leading cause of death in the 

first four decades of life (ages 1-44 years), surpassed only by cancer and 

atherosclerosis as the major cause of death in all age groups.4 5 There are about 

150000 deaths from trauma annually in the United States of America (USA) and 

8000 in Australia.4 6 More than 38 million people are evaluated in emergency 

departments (EDs) for trauma each year in the USA.7 Permanent disability from 

injury dwarfs the mortality rate by three to one.4 5  

 

Trauma-related dollar costs exceed $400 billion dollars annually in the United 

States of America.4 This includes lost wages, medical expenses, insurance 

administration costs, property damage, fire loss, employer costs, and indirect loss 

from work-related injuries.4 However, the true cost to society can be measured 

by the fact that trauma impacts mostly on the youngest and potentially most 

productive members by causing a range of physical, cognitive and psychological 

disabilities that seriously affect the quality of life of injured people and their 

families.4 8 Thus, the cost to society is staggering as is the amount of human 

suffering. 4 5 It is a major medical and social problem.4 9 

 

Deaths due to trauma have a distinct trimodal distribution.4 9 Approximately 50 

per cent of all such deaths occur at the scene of the accident.4 9 During this early 
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period, deaths generally result from lacerations of the brain, brain stem, high 

spinal cord, heart, aorta, and other large blood vessels.4 9 Very few of these 

patients can be salvaged due to the severity of their injuries.4 9 Salvage is only 

possible in certain large urban areas where rapid prehospital care and transport 

are available.4 9  

 

Another 30 per cent of deaths occur within a few hours of injury.4 9 Deaths 

occurring during this period are usually due to subdural and extradural 

haematomas, haemopneumothorax, ruptured spleen, lacerations of the liver, 

pelvic fractures, and/or other injuries associated with significant blood loss.9 The 

‘first hour’ of care after injury is characterised by the need for rapid assessment 

and resuscitation, which are the fundamental principles of advanced trauma life 

support.4 5 Whilst rapid transport to a trauma centre is possible in the urban 

environment, patients from remote and rural Western Australia have to wait 

many hours before this peak of trauma deaths can be addressed.10  

 

The remaining 20 per cent of deaths occur within days or weeks of the injury as a 

result of sepsis and multi-organ failure.4 Care provided during each of the 

preceding periods impacts on patient outcome during this stage. Thus, the first 

and every subsequent person to care for the injured patient has a direct effect on 

long term outcome. 4 

 

Trauma then, is a time-critical illness. Hence, the ideal system for managing 

trauma patients is one in which the time from injury to definitive care is 

minimised.11 The patient must receive optimal care and resuscitation at the scene, 
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during transport, and in the emergency department.11 Having a smooth 

coordination of these processes contributes to optimising the outcomes from 

trauma. 

 

This project focuses on these process issues as they apply to trauma patients from 

rural and remote Western Australia. The distances and time periods involved are 

the extreme antithesis of the traditional urban trauma paradigm. However, there 

are limited studies on the impact of time on trauma outcomes.  

 

SEARCH METHOD 

 

The following databases were examined to undertake this literature review: 

Medline (1966 to present), Embase (1980 to present) and AUSThealth (1966 to 

present). The search strategy used the following MeSH terms: trauma, wounds 

and injuries, patient transfer, emergency medical services, transportation of 

patients, aircraft, ambulances, rural health, rural health services. All MeSH terms 

were exploded. Papers were retrieved and examined for relevance to the subject. 

In addition, relevant state and national publications, such as Health Department 

reports, were obtained from the Royal Perth Hospital Trauma Registry.  
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HISTORICAL PERSPECTIVES, TIME, AND THE ‘GOLDEN HOUR’ OF 

TRAUMA CARE 

 

The above description of the trimodal distribution of trauma deaths was first 

described in 1983 by Trunkey, who highlighted the burden of trauma on society.9 

He reported the first peak was responsible for 50% of deaths, the second peak 

30%, and the third peak 20%.9 These data were based on the experience of the 

San Francisco General Hospital. They represent a time before the 

implementation of any educational program (eg Advanced Trauma Life Support 

course of the American College of Surgeons) and before trauma systems were 

widespread. 

 

These developments led to the current paradigm of trauma management. This 

states that patient outcome is directly related to time from injury to properly 

delivered definitive care.5 Research in this area concentrates on rapid transfer of 

trauma patients in the urban environment and clinical practice in the ‘golden 

hour’ of resuscitation.12 In the first hour after the trauma, aggressive resuscitation 

and management of life-threatening problems is critical to survival.4 This has 

been termed the “golden hour” which aims to minimise the second peak of 

trauma deaths. 

 

However, these San Francisco data described by Trunkey are very old and Wyatt 

et al have challenged this concept in 1995.13 They examined 331 trauma deaths 

over two years in Scotland and reported a different distribution of deaths. They 

found 76% of deaths occurred in the first hour (vs 50% in San Francisco), only 
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7% at 1-4 hours (vs 30%) and 17% at greater than 4 hours (vs 20%).13 The 

importance of this is that much significance has been placed on the second peak, 

with trauma systems concentrating on this group as the greatest potential for 

preventing unnecessary deaths.  

 

The authors concluded that the accepted concept of a trimodal distribution of 

death after trauma did not apply in their area.13 However, this may be due to 

improvements in trauma care, which is exactly what Trunkey advocated. These 

improvements include an emphasis in the prehospital phase of immediate 

transport to the closest, appropriate facility, preferably a verified trauma centre.4 

Obviously, this is not feasible for trauma patients in rural and remote Western 

Australia, where some patients are not ‘discovered’ for many hours after the 

accident. Hence, the ‘golden hour’ has little relevance for this group of patients. 

However, it is appropriate to provide an overview of this term, as it pervades the 

trauma literature. 

 

The term “golden hour” is ubiquitous in the trauma literature and was espoused 

by Cowley.14 This term implies that morbidity and mortality are affected if care 

is not commenced within the first hour after injury.14 This concept justifies much 

of our current trauma system. Lerner and Moscati have examined the origins of 

this term in some detail.14 

 

In summary, they traced the origins of the term to a number of references and 

personal statements, but no scientific evidence was presented. In a 1976 article 

by Cowley, it is stated that: “all [trauma] patients [treated by the Maryland 
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trauma system] are assumed to be dying and much of the golden hour for total 

stabilisation has passed.”15 This article describes the Maryland trauma system 

and states that the first 60 minutes after an injury determines a patient’s resulting 

mortality. It references a paper of his own, written in 1975, in which he states 

that “the first hour after injury will largely determine a critically-injured person’s 

chances for survival,” but no data or reference is provided.14 16 A number of 

papers written by Cowley refers to the golden hour, but no supportive data are 

provided.14 

 

After Cowley’s death in 1991, Lerner and Moscati obtained access to his 

personal papers.14 In a speech to the American Academy of Orthopedic Surgeons 

in 1974, he describes time and the number of body systems and organs injured as 

the two most important factors influencing trauma outcomes.14 Cowley states 

that 90% of Maryland trauma patients transported from the scene of injury, arrive 

at the trauma centre in less than one hour from the time of injury, while 90% of 

trauma patients transported from an outlying hospital arrive at the trauma centre 

in over six hours.14 The mortality of patients transported from outlying hospitals 

is twice that of patients transported from the scene directly to the trauma centre.14 

There is no mention of matching for severity or the possibility of selection bias. 

He goes on to say that the care given in the first hour determines the extent of 

organ damage that the patient might sustain.14 Interestingly, Cowley’s next 

statement is that “it may even be that we should be talking about the first golden 

fifteen minutes as a vital period.”14 
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There are no large, well controlled studies in the civilian population that 

addresses whether quicker definitive care is universally better in trauma care.14 

The numerous smaller studies are not sufficiently similar to use meta-analysis to 

resolve the question.14 The term ‘golden hour’ did not originate from explicit 

research findings. It was based on the experience and opinion of one of the 

fathers of trauma surgery and trauma system design.14 The intuitive nature of the 

concept and the prestige of those who originally expressed it resulted in its 

widespread acceptance.14 Despite the lack of definitive evidence, numerous 

research studies and requests for research funding are based on achieving the 

golden hour for trauma patients and take for granted that time always matters.14 

 

Further to this, Dr Joseph Epstein, formerly President of the Australasian College 

for Emergency Medicine, discussed this very issue with Dr Cowley prior to his 

death. The term arose out of a coffee table conversation that was looking for a 

catchphrase to help attract trauma patients (especially insured trauma patients) to 

their trauma centre in Baltimore in the 1970s. Cowley openly acknowledged that 

the term ‘golden hour’ was a useful “rhetorical flourish”, which had no basis in 

science. It became part of the language of trauma, and was used by Cowley and 

his team at Baltimore to highlight what they regarded as delays in resuscitation 

and definitive interventions for trauma patients. [personal communication] 

 

The American College of Surgeons states that the concept of the ‘golden hour’ 

emphasises the urgency necessary for successful management to optimise 

outcome of the injured patient.4 It is not intended to imply a fixed time period of 
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60 minutes after the trauma, beyond which it is not possible to improve patient 

outcomes.4 

 

This is especially pertinent as the risk of death is significantly lower when care is 

provided in a trauma centre.17 In 2006, MacKenzie et al reported the mortality 

outcomes among patients treated in 18 hospitals with a level 1 trauma centre and 

51 hospital non-trauma centres in 14 states of the USA. After adjusting for 

differences in casemix, the in-hospital mortality rate was 7.6% in the trauma 

centres vs 9.5% at non-trauma centres (RR 0.80, 95%CI 0.66-0.98), with a lower 

one year mortality (10.4% vs 13.8%; RR 0.75, 95%CI 0.60-0.95).17 The 

prolonged transfer times to tertiary trauma care in Perth inevitably results in 

delays to definitive care. The impact of this is unknown. 

 

Nevertheless, some more recent papers have explored this paradigm of time to 

treatment in trauma. Sampalis et al  reported a prospective cohort study of all 

patients treated for injuries at acute care hospitals in Montreal and Quebec City 

between April 1, 1992 and March 31, 1998.18 Their hypothesis was that trauma 

care regionalisation is associated with a reduction in trauma-related mortality. 

One of the components of this process of regionalisation that was assessed 

included a reduced prehospital time or delay to definitive in-hospital care. 

 

In the Sampalis study, 12208 patients were enrolled during the four distinct 

phases of trauma care regionalisation. There was a clinically important and 

statistically significant reduction in mortality from 52% in phase 0 (pre-

regionalisation) to 18% in phase III, the final phase of advanced regionalisation 
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(p<0.0001). Logistic regression analysis demonstrated that improved outcome in 

major trauma was related to several factors, including reduced time between 

injury and definitive care at a trauma centre. The authors demonstrated that for 

every additional minute of out of hospital time, the risk of dying in major trauma 

patients increased by 5%, and that the adjusted risk of dying increased by 57% 

for every 10 minute increase in out of hospital time.18  

 

The results of the logistic regression models also showed that patients who were 

transferred to a trauma centre (from another hospital) had a 30% increase in 

mortality risk compared to patients who were transported directly from the scene 

to a trauma centre.18 In the modelling, time to definitive care was not 

significantly associated with the risk of mortality. This observation suggests that 

the quality of care at the treating hospital and reduced prehospital times are more 

important than delays after arrival at the treating hospital. 

 

Sampalis et al concluded that trauma care regionalisation produces significant 

reductions in the mortality of patients with major trauma.18 Also essential to 

realise these benefits are both the designation of tertiary trauma centres where 

patients with severe injuries should be treated and reduced prehospital times.18 

 

This gives credence to the concept of expeditious, advanced, timely trauma 

care.19 However, Lerner and Moscati highlighted that the patient population in 

the Sampalis study consisted of patients who died after transport as a result of 

their injuries, or patients with an Injury Severity Score greater than 12, a 

Prehospital Index greater than 3, two or more injuries with an Abbreviated Injury 
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Scale Score greater than or equal to 3, or hospital stay longer than 3 days. These 

patients cannot be identified in the out of hospital setting, with the exception of 

the Prehospital Index.14 It is more likely that this patient population or a 

subgroup of it, are the patients for whom total out of hospital time matters, but 

there is no clear method for out of hospital providers to identify those patients in 

the field.14 

 

Lerner and Moscati also note a number of potential biases. Prehospital treatment 

in the United States is different to that in Canada, thus impacting on the external 

validity of the Sampalis study. The analysis did not control for the different 

levels of care. No information was provided on how missing data was handled. 

They conclude by stating that work is needed to identify the patients for whom 

total out of hospital time will affect outcome, using variables that are available in 

the out of hospital setting.14 However, it might simply be better to state that the 

time frame for delivering definitive care varies from patient to patient and is 

more appropriately termed a “golden period.”20 

 

Recently, Newgard et al studied the effect of time on trauma mortality in 3656 

trauma patients, of whom 22.0% died.21 They found no significant association 

between any emergency medical service (EMS) time interval and mortality. This 

study suggests that in our current out-of-hospital and emergency care system, 

time may be less crucial than once thought.21 Routine lights-and-sirens transport 

for trauma patients, with its inherent risks, may not be warranted.21 In a critical 

letter, Fleet et al ask if the time intervals in the Newgard study are the correct 

ones to measure, and that there may be other more relevant time intervals to 
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study, such as trauma to 911 call, and the interval from arrival to definitive 

care.22 In reply, Newgard et al highlight the fact that trauma patients are a 

heterogeneous group, which creates challenges in demonstrating the effect of 

time on outcome when a portion of patients have no time-dependent outcome.23 

There is also the issue of self-selection: those trauma patients who survive long 

enough to reach definitive care are less likely to be affected by the time taken to 

reach definitive care.24 25 

 

Importantly, there is a strong effect of confounding: out-of-hospital providers 

tend to move faster when caring for sicker, higher-acuity patients with an 

inherently worse prognosis (ie, those most likely to benefit from rapid care) and 

tend to take relatively more time among patients with less serious injuries.23 

They highlight that rigorous investigation and exploration of the multitude of 

factors involved in trauma care offers an opportunity to evaluate which aspects of 

trauma systems have the greatest effect on patient outcomes and therefore 

represent the best targets for system enhancement.23 This is consistent with the 

paucity of research directed at evaluating strategies to reduce time delays to 

definitive care in trauma, despite being of considerable importance.20 

 

However, we don’t know the effect of time on trauma in Australia. In particular, 

rural and remote time intervals for trauma are extremely different to the urban 

environment and require specific study. This is highlighted by the fact that in 

urban areas, ambulance services are offered a choice of hospitals to transport 

their trauma patients to.20 Conversely, in rural areas, there is usually no choice of 

hospital and the only hospital is unable to provide definitive care.20 The 
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necessary subsequent transfers can be associated with a poorer outcome due to 

the increased time to definitive care.20 

 

TRAUMA SYSTEMS 

 

A trauma system consists of hospitals, ambulance personnel and other service 

agencies that have a pre-planned response to caring for the injured patient.26 The 

goal of a trauma system is to match a facility’s resources with a patient’s medical 

needs so that optimal and cost-effective care is achieved.26 

 

Internationally, the development of modern trauma care systems has its origins in 

the techniques used for caring for injured soldiers on the battlefields of Korea 

and Vietnam.27 Rapid access to definitive surgical care and refinement of 

prehospital care techniques significantly reduced USA military casualties. This 

experience led to the development of similar systems across the USA for the 

treatment of persons injured as a result of trauma.26 28 

 

In the USA, there are generally two levels of trauma services in urban areas. 

Level I trauma centres provide comprehensive trauma services and frequently 

provide training, research, prevention, coordination of field providers, and 

leadership in implementing and evaluating the system. Level II trauma centres 

typically provide a full range of trauma care, but do not usually have teaching, 

research and leadership functions.26 
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Formal trauma systems typically designate only a small number of hospitals as 

trauma centres. Hospitals without trauma centres still treat large numbers of 

trauma patients, since most injuries are minor in nature and require only the 

routine care provided in most emergency departments. Only a small proportion 

of trauma patients have injuries severe enough to require the specialised 

resuscitation, diagnostic and treatment services of a trauma centre.29  

 

The benefits of implementing a trauma care system have been supported by 

several studies that have suggested associations between the implementation of 

trauma care systems and a decline in trauma-related mortality. The majority of 

these studies compare the mortality rates in trauma patients before and after the 

implementation of trauma care systems. Others draw their conclusions from 

comparisons of regions with and without trauma care regionalisation.28 30-42 

 

One of the first studies examining this was the Orange County experience. 

Orange County is a suburban community in southern California. Prior to the 

development of a trauma system, critically injured patients were transported to 

the closest hospital without regard for the availability of surgical intervention. In 

1980, the county implemented a regional trauma system that provided for 

transport of trauma patients to designated facilities.43 44  

 

A retrospective review of 118 deaths from motor vehicle accidents was 

conducted; 58 deaths prior to and 60 deaths after the implementation of the 

trauma system.44 Following implementation, the proportion of potentially 

salvageable deaths dropped from (20/58) 34% to (9/60) 15% (p<0.02).44 Seven 
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of the nine potentially salvageable deaths occurred in 13 patients treated in non-

trauma facilities (54%), while only two potentially salvageable deaths occurred 

in 47 patients treated in trauma facilities (4%) (p<0.002).44 The implementation 

of a regional trauma system resulted in significant improvements in trauma care 

and a reduction in the death rate from vehicular trauma.44 

 

The general consensus is that regionalisation reduces mortality because patients 

are treated at appropriate hospitals and because the time between injury and 

definitive in- hospital care is minimised, and should be initiated within 60 

minutes.18 

 

The regionalisation of trauma care in Australia has lagged behind the USA 

experience. Trauma system development in Australia has included guidelines for 

the development of trauma systems by the National Road Trauma Advisory 

Council (NRTAC) Working Party on Trauma Systems in 1993.26 45 This report 

describes standards defining the organisational arrangements and resources 

required for optimal care of the injured patient from time of injury through all 

phases of care, in urban and rural Australia.26 45 They emphasised regional 

trauma systems based on networks, rather than stand-alone trauma centres. In 

addition, the NRTAC Working Party developed guidelines for assessing hospital 

facilities, and assessment of the outcome of trauma systems.26 45  

 

Critical to the development of a trauma system is the process of designation of 

trauma hospitals.26 This designation of trauma services is simply a way of 
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coordinating the care of trauma patients within a geographical region, with all 

levels of hospitals playing a role.26 

 

The NRTAC Report of the Working Party on Trauma Systems also promulgated 

the concept of Major Trauma Services.45 Major Trauma Services form the hub of 

regional networks and carry a major responsibility in regard to the coordination 

of other trauma services.45 These services provide total care for every aspect of 

injury, from prevention through to rehabilitation. They provide 24 hour 

availability of the expertise of all major surgical disciplines.45 They are a core 

function in an integrated trauma system.26 45 

 

Trauma care within hospitals requires the dedicated skills of staff across 

departments and ongoing expertise beyond the emergency reception phase.26 The 

concept of the trauma centre as being the location of all trauma care fails to 

recognise the importance of other phases of management, specifically the 

prehospital and rehabilitation phases.26 Additionally, hospitals providing trauma 

services are not independent units; they have a role within the system that 

extends beyond clinical management. Education, research, quality management 

and injury prevention are important roles that must be fulfilled by a trauma 

system and trauma care providers.26 

 

For rural and remote areas, the NRTAC report recognised that “trauma care for 

people in rural environments poses great difficulties that result from long 

distances, difficult access and limited financial and professional resources…. 

Trauma systems should provide mechanisms that ensure the rapid mobilisation of 
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appropriate clinical support to rural and remote hospitals when the severity of 

injury exceeds the capacity for treatment locally.”45 Hence, the prime task of a 

remote trauma service will be early transfer of all patients with major trauma to 

the regional trauma service or the major trauma service, whichever is most 

appropriate.45  

 

One of the main issues in remote Western Australia is whether to transfer a 

patient directly to a tertiary centre or initially transfer the patient to a regional 

trauma service. Young et al examined the difference in outcome between those 

patients sent directly to the trauma centre (n=165) versus those seen at other 

hospitals and subsequently transferred to a trauma centre (n=151).46 Patients who 

survived 24 hours experienced significantly shorter intensive care unit (14 vs 10 

days; p<0.05) and hospital (21 vs 16 days; p<0.05) lengths of stay when taken 

directly to a trauma centre. The authors concluded that the paradigm should be, 

when possible, that major trauma patients should be sent to trauma centres 

directly from the injury scene.46 

 

Similarly, Harrington et al analysed 3507 patients and found that transferred 

patients had a higher mortality with 8% of transferred patients requiring a critical 

intervention within 15 min of arrival.47 The average time spent at the local 

hospital was 162 min. They conclude that trauma system planning efforts should 

focus on prehospital destination protocols that allow direct transport to the 

trauma centre.47 Sampalis et al came to the same conclusion, although their study 

was city based only.48 Trauma patients in rural areas had a RR = 2.3 (95%CI 2.0-
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2.6) for death compared to urban areas.49 A larger proportion of fatalities in rural 

areas died out of hospital and within the first hour after injury. 

 

RURAL TRAUMA 

 

Rural areas are far removed from large portions of the population and as a result, 

trauma systems have had to be developed for these locations. The basic concept 

is that local hospitals will provide initial stabilisation and then patients will be 

transported to trauma centres. The most frequent reason for these transfers is the 

lack of personnel or resources at the local hospital (eg surgeon, intensive care 

unit, transfusion service, or specialty care).  

 

Danne has listed the following issues facing a patient injured some distance from 

definitive care:50 

 

1. Local resources at the nearest medical facility 

2. Local resources in the prehospital care system 

3. Communication systems between hospital and ambulance and between 

hospitals 

4. Existence of any local or statewide retrieval system 

5. Resources available at the tertiary referral centre, enabling transfer of the 

patient 

6. Provision of experienced surgical trauma services regionally or in the state 
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However, discovery of the victim needs to occur first, and this is one of the most 

important issues in rural trauma. Yet the majority of the literature analyses 

outcomes of patients admitted to hospitals. To date, only three papers examine 

outcomes from population based statistics, and one of these is a generalisation of 

data to the most rural areas of the population.49 51 52 From these studies, it was 

determined that between 77 and 87% of deaths occurring in children living in 

rural areas occur before the arrival of any prehospital providers.51 52 These data 

contrast dramatically with those from urban environments.49 It is probable that 

delay in discovery is a major factor contributing to traumatic death in a rural 

environment. There are no Australian studies of this issue. 

 

Prehospital services are usually provided by volunteers, and not the professional 

services found in urban areas. Direct transfer of patients from the scene to a 

regional trauma centre is impossible for many trauma patients. For severely 

injured victims, however, stabilisation at a local facility with transfer to a trauma 

centre is necessary.53 Optimally, regionalised transport systems for rural areas 

develop to bring appropriately trained and equipped facilities to small rural 

hospitals, and to supplement their resources and provide safe and effective 

transportation for the patient to the trauma centre.53-55 

 

There are several noteworthy observations regarding the rural trauma transfer 

patient. First, patients seem to be transferred appropriately, because of lack of 

specific resources in community hospitals.53 Second, transferred patients in rural 

trauma systems have similar outcomes to patients transported directly from the 

scene to the rural trauma centre or patients in urban systems.10 56 Overall, it 
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appears that the increased mortality in rural areas is delay in discovery or 

accessing the system.51 52 

 

Several studies have shown specific problems relating to the interhospital 

transfer of patients.55 57 58 These have highlighted the inadequate resuscitation of 

a patient before leaving the initial hospital, which is related to inadequate 

resuscitation by doctors inexperienced in trauma care. In addition, problems have 

been identified with time delays in the dispatch of air ambulances and a lack of 

appropriate accompanying physicians during the interhospital transfer. Lack of 

designated major trauma hospitals to receive the patients has led to instances of 

some patients being received at hospitals inexperienced in trauma management, 

with attendant suboptimal ongoing definitive care. Hence, rural trauma has 

unique issues that separate it from urban trauma. 

 

There has been one report of trauma patients being transferred a long distance. 

Valenzuela et al described a retrospective cohort of 118 patients who were 

transferred an average of 575 km (range 160 – 1290 km) with fixed wing aircraft 

in the Pacific Northwest and southeast Alaska.59 The in-hospital mortality for this 

group was 19% compared with 18% for a comparable group of trauma patients 

who were ground transported from city trauma. The authors suggested that some 

part of the clinical benefit of a regional trauma centre may extend up to 1290 km 

with no increase in trauma related mortality. The main predictors of mortality 

were ISS, age and type of trauma.59 These transfer distances are again, not 

comparable to those for Western Australia, which may be up to 2500 km.60 
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Unfortunately and not surprisingly, time to definitive care remains high for rural 

trauma patients. While average prehospital times in urban systems are of the 

order of 30 min or less, this contrasts with rural prehospital times of 105 min in 

Vermont, 96 min in upstate New York, 55 min in rural Northern California, 48 

min in rural Washington state, and 40 min in rural Georgia.53 These rural North 

American times are a dramatic contrast to remote and rural Western Australian 

times, reported as a median transfer time of 9 hrs 12 min10 (552 min ie about 5-

14 times longer than the American times). Such delays will advance the degree 

of pathophysiologic derangement in unstable trauma patients and may lead to 

deterioration of initially stable patients.53 

 

Hence, there are a number of difficulties in comparing rural system outcomes 

with those of an urban environment. First, because of delays in discovery of the 

trauma victim, the rural trauma patient enters the system with more advanced 

pathophysiologic abnormality. Second, delays in transport that occur because of 

rural roads and remote scenes allow for the development of secondary injury and 

continued derangements in physiologic status, which may not occur in urban 

systems with short scene times and rapid transport. Finally, the skills of rural 

prehospital providers in rural environments are more rudimentary than those in 

urban systems.53 

 

Rogers et al compared outcomes and provider-related complications at two 

university Level 1 trauma centres, one in a rural environment and the other in an 

urban environment.61 The analysis focused on the influence of in house board-

certified surgeons on outcome: the urban centre had in-house board-certified 
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surgeons, the rural centre had surgical residents with board-certified surgeons 

immediately available.61 Despite a less severely injured cohort (and a 

significantly higher predicted survival in terms of Injury Severity Score and 

Revised Trauma Score treated at the rural centre) there was no significant 

difference in mortality rate (37% rural, 39% urban).61The observed survival in 

the urban centre was significantly better than the survival predicted by using the 

Trauma and Injury Severity Score (TRISS) methodology. Notable differences 

between the centres were significantly prolonged prehospital and resuscitation 

times in the rural environment and significantly lower numbers of severely 

injured patients seen at the rural centre.53 

 

It is clear then that delay in treatment makes a substantial contribution to the 

outcome of rural trauma patients. Mock et al compared trauma outcomes 

between a rural hospital in a developing third world country to outcomes derived 

in an urban Level 1 trauma centre.62 The most notable differences were in the 

length of delay after injury before arrival at the hospital and the percentage of 

patients receiving prehospital care. For example, in the rural developing country 

59% arrived at the hospital greater than 24 hours after the injury compared with 

4% at the Level 1 trauma centre (p<0.001). Only 25% of rural patients had 

received prehospital care compared with 82% of the urban Level 1 trauma centre 

patients (p<0.001). There were no differences in mortality between rural and 

urban in those patients with an ISS of less than or equal to 8, but there were 

significant differences in mortality in those patients with an ISS of more than or 

equal to 9 (ISS 9-24: rural 10%, urban 3%: ISS > 24: rural 73%, urban 41%). 

These data led Mock et al to conclude that improved prehospital care and 
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prehospital delays are less costly interventions that might decrease mortality 

from trauma in rural areas.62 Other reports have also found significantly longer 

prehospital times in non-survivors, and a significant association between 

mortality and long response time in the rural environment.63-65 

 

Rogers et al compared deaths over a one year period in an urban (n=612) versus 

rural (n=143) trauma systems.66 In the urban system, only 248 patients (40.5%) 

died at the scene compared with 103 patients (72%) in the rural system.66 The 

authors of this study hypothesised that the higher proportion of scene deaths in 

the rural environment may reflect the longer discovery and transport times that 

occur in a rural setting.66 Mueller et al found that a larger proportion of fatalities 

died out of hospital within the first hour after injury in rural areas than in urban 

areas.49 

 

Other studies examined survival of severely injured patients in a rural 

environment and compared the observed survival with that predicted by using the 

TRISS methodology. Karsteadt et al evaluated the outcomes before and after 

institution of a rural trauma program adhering to the guidelines established by the 

American College of Surgeons Committee on Trauma.63 They showed a 

significant improvement in survival after implementation of the trauma program 

with survival exceeding that predicted by TRISS.63 Zulick et al examined 

outcomes at their rural Level 2 trauma centre and found that the survival was not 

significantly different than that predicted by TRISS.67 
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More recently, some individual trauma systems have been studied.53 Grossman et 

al studied motor vehicle crashes as a population based retrospective cohort study 

in a single remote rural county in Washington state.68 They found that although 

prehospital response, scene, and transport times were short, prolonged discovery 

times were problematic. Most deaths (12 of 13 cases) occurred at the crash scene. 

They concluded that most deaths (92%; 95%CI 68%-99%) were a “function of 

the severity of injuries, prolonged discovery time, or both.” Grossman further 

observed that 90% of all care was provided by local providers and in local 

hospitals.68 Similar findings have been reported from New South Wales.69 

 

Overall, rural residents are almost 50% more likely to die from trauma than their 

urban peers.70 71 Motor vehicle crashes are the most common cause of mortality 

for both urban and rural trauma victims, but the rural rate is almost twice the 

urban rate. The simple observation that every cause of trauma has a higher 

mortality in the rural context suggests that it is also the care provided to victims 

of rural trauma that is different.53 Rural areas have far fewer doctors while 

trauma systems and specialists are largely concentrated in urban areas. 

 

Some of these issues are particularly prominent in Australia, a highly urbanised 

country, with approximately 90% of the population living in cities, mostly 

focused in the coastal areas. Long distances exist between centres in rural 

Australia, with no or limited facilities in many areas. An accident in a remote 

area may mean that the injured person may not be found for several hours. The 

roads themselves are of poor quality in outback Australia, with a subsequently 

higher risk of injury. Dispersed medical facilities mean sporadic exposure to 
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trauma by the doctors and nurses working in the district hospitals and even the 

regional hospitals. Therefore, interhospital transfer of trauma patients is the 

routine.50 

 

Conversely, in the single population-based study of trauma, which controlled for 

injury severity, Goldberg et al found that hospital volume (and by extension 

rurality) did not affect survival after injury.53 72 Goldberg used an ICD-9 based 

measure of injury severity to examine outcome after trauma as a function of 

hospital size. Surprisingly, Goldberg found that small hospitals performed as 

well as large hospitals. Because rural hospitals are typically smaller than urban 

hospitals, Goldberg concluded that rural care for trauma victims was no worse 

than urban care.72 

 

The sparse population of the Northern Territory has similarities with rural and 

remote Western Australia. Treacy et al studied the incidence and factors 

associated with single vehicle rollover accidents in the Northern Territory over 

two years in 1996-7.73 Major injury occurred significantly more frequently if the 

person was under the influence of alcohol, was not wearing seatbelt and was 

ejected, and if the vehicle was speeding.73 They reported a fatality rate of 36.5 

per 100 000 Northern Territory population per year, compared to 10.8 fatalities 

per 100 000 population in Australia per year.73 However, this paper included no 

information on the issues of time intervals or transfers. 

 

Fundamental to all this is what constitutes rural trauma ie what is the definition 

of rural? Rural can be defined from an operational or sociocultural perspective.53 
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The Committee on Trauma of the American College of Surgeons defines rural as 

“an area where geography, population density, weather, distance or availability 

of professional or institutional resources combine to isolate the trauma victim in 

an environment where access to definitive care is limited.”74 Operationally, in 

Australia, the Accessibility/Remoteness Index of Australia is used to quantify the 

degrees of remoteness.75 This is the system used for this project.  

 

In summary, rural trauma is different to urban trauma. Its causes are different, 

victims are different, injuries are different, and outcomes are different. Because 

most research on trauma systems has come from urban trauma centres, it is likely 

that some of the dogma surrounding trauma systems is inappropriate for rural 

trauma systems.53 This certainly includes the myth of the golden hour. 

 

AUSTRALIAN DATA ON TRAUMA  

 

Injury represents the leading cause of death in those under 45 years of age in 

Australia.76 Injuries result in an estimated 8,000 or 6% of deaths each year in 

Australia and are responsible for an estimated 400,000 hospital admissions 

annually.8  Significant health costs are also attributable to injury, accounting for 

approximately 8% ($2.6 billion) of the total direct costs of all diseases annually. 

This compares to the total direct cost for cancer of $1.4 billion for the same 

period. 
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Data from all the trauma registries operating in Australia and New Zealand have 

been reported by the National Trauma Registry Consortium.76 The following 

summary describes the salient features of injury (ISS > 15) characteristics 

obtained from regional data collected in 2003:76 

 

• A total of 5837 injury patients with an ISS>15 were identified 

• These injuries resulted in a mortality rate of 15% prior to hospital discharge 

• Males comprised 72% of the cohort 

• Survival rates to hospital discharge for females and males were 

approximately equal (82% and 85% respectively) 

• Persons between the ages of 15 and 24 years were more frequently injured 

(n=1303) than any other age group 

• The highest death rate was recorded in the 85+ age group (41%) 

• Road traffic crashes accounted for 54% of all major injuries for which a 

specific external cause of injury was recorded 

• Pedestrians were more likely to die following admission for treatment of their 

injuries than any other road traffic crash sub-category (21% of cases of 

pedestrian injury did not survive to hospital discharge) 

• The average length of stay in hospital following admission for the treatment 

of an injury was 16 days 

• 49% of patients required admission to an intensive care unit 

 

The arrival mode for these patients included only 7% (n=401) that arrived by 

fixed wing aircraft, of which 10% died.76 
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The patterns of injury reported in the NTRC “are comparable with national data 

reported in Canada by the National Trauma Registry over the same time 

period.”76 Comparisons with 2003 data from the National Trauma Data Bank in 

the United States of America (USA) reveal slightly different trends particularly 

with regard to external cause of injury. Some highlighted differences were that 

falls in the Australasian region accounted for 24% of all injuries compared to 

17% in the USA, and firearm injuries featured more commonly in the USA 

(19%) than in Australasia (<1%).76 The proportion of motor vehicle crashes and 

fatalities were however consistent across the two countries.76 

 

OUTCOME OF TRAUMA PATIENTS - SCORING SYSTEMS 

 

Systems for classifying injury severity are widely used for comparing patient 

samples and evaluating trauma service performance as a part of quality 

assurance.77  

 

Revised Trauma Score (RTS) 

 

Prehospital personnel arriving on the scene immediately assess the extent of the 

trauma victim’s injuries and initiate the necessary medical interventions. The 

first steps in this process are to evaluate the airway, breathing and circulation (the 

ABCs) and to check the patient’s vital signs.77 The results of this initial 

evaluation of the patient are quantified by the use of the RTS.77 This is a 

physiological measure of injury severity that assigns numerical values to the 
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patient’s respiratory rate (RR), systolic blood pressure (SBP) and responsiveness 

with regard to the Glasgow Coma Scale.78  

 

Specific ranges for each of the parameters are assigned coded values.  These 

values are then multiplied by an assigned weight and added to produce the RTS.  

The final score ranges from 0 - 7.8408. (The probability of survival ranges from 

2.7% for a RTS=1 to 98.8% for a RTS=7.8408). The RTS determines the level of 

care and immediacy of treatment required by the patient.77 

 

The reduction in the number of parameters and a higher weighting for the GCS 

has resulted in the RTS providing a better scoring method for head injuries.  A 

patient with any below-normal value (ie GCS<13, SBP <90, or RR<10 or >29) 

should be immediately taken to a trauma centre because such values indicate a 

survival rate of less than 90%.77 

 

The following table outlines the coding of the RTS values:77 

 

  CODED VALUE 

 PARAMETER   4               3              2             1            0 

A. GCS 13-15       9-12          6-8          4-5          0 

B. Systolic BP (SBP) >89         76-89       50-75       1-49         0 

C. Resp. rate (RR) 10-29       >29         6-9           1-5           0 

 

These coded values are multiplied by weights determined by logistic regression 

of a baseline data set, as follows: 
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RTS = 0.9368(GCS) + 0.7326(SBP) + 0.2908(RR) 

 

Abbreviated Injury Scale (AIS) 

 

The AIS was first developed by The Association for the Advancement of 

Automotive Medicine in conjunction with the American Medical Association in 

the mid-1960s as a standardised system for categorising injury type and severity 

in motor vehicle accidents.77 Several revisions have led to major improvements 

and clarifications to enable definitive injury coding, including the expansion of 

the scope to include injuries other than those that occur as a result of motor 

vehicle accidents.  

 

The AIS is a consensus derived, anatomically based system that classifies (using 

a list of hundreds of injuries) individual injuries by body region on a 6-point 

ordinal severity scale ranging from AIS 1 (minor) to AIS 6 (fatal, currently 

untreatable). The increase in severity from AIS 1 to 2 is much less than the 

increase from AIS 3 to 4 or 4 to 5.79 In addition, each injury description carries a 

unique, five digit code.77 
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For example: 

Injury Description Region AIS Code Score 
BILATERAL # ZYGOMA 2 251800.2 2 

SMALL LACERATION L) KNEE 5 810602.1 1 

R) CRANIUM VAULT # - EXTENSIVE 1 150404.3 3 

 

Injury Severity Score (ISS) 

 

Because the AIS does not account for multiple injuries, the ISS was developed in 

1974 as a summary measure of anatomical injury severity.80 The ISS is best 

described as: the sum of the squares of the highest AIS code in each of the three 

most severely injured ISS regions, resulting in a score from 1-75.77  These 

regions are as follows: 

 

1. Head or neck (includes C-spine) 

2. Face (includes eyes, mouth, nose and facial bones) 

3. Chest (includes T-spine, diaphragm) 

4. Abdominal or pelvic contents (includes L-spine) 

5. Extremities or pelvic girdle (includes sprains, #, etc) 

6. External (includes lacerations, abrasions, burns, etc) 

 

To calculate the ISS, the highest AIS score in each body region is identified 

and the three largest of these values are squared and summed to obtain the 
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ISS.77 If a patient has an AIS of 6, an ISS of 75 is assigned.77 Patients with an 

ISS in the 1-25 range are considered to have an excellent chance of survival if 

they are treated at a regional trauma centre.77 

 

For example: 

ISS Body 

Region 

Injury AIS Code Highest AIS AIS2 

Head/Neck Cerebral contusion  

Internal carotid artery, 

complete transection 

140602.3 

 

320212.4 

 

 

4 

 

 

16 

Face Ear laceration 210600.1 1  

Chest Rib fractures left side, 

ribs 3-4 

450420.2 2  

Abdomen Retroperitoneal 

haematoma 

543800.3 3 9 

Extremities Fractured femur 851800.3 3 9 

External  Overall abrasions 910200.1 1  

 

In the above example ISS = 34. Major trauma is defined as an ISS > 15. 

 

Widely used in trauma research, the ISS is an important tool in assessing, 

comparing and categorising injury severity among patient populations.77 More 

recently, the New Injury Severity Score (NISS) has been proposed. Although 

38



similar to the ISS, the NISS is the sum of the squares of the three most severe 

injuries (AIS-90) regardless of body region.81 

 

 The Major Trauma Outcome Study (MTOS) 

 

In the early 1980s, trauma surgeons across the USA initiated a systematic data 

collection effort for trauma.77 The goal of this effort was to develop and test Ps 

(Probability of survival) norms based on then-current injury severity indices.82 

Coordinated by the American College of Surgeons’ Committee on Trauma, this 

effort was known as the Major Trauma Outcome Study (MTOS).77  

 

During the 1982-1989 study period, demographic, cause of injury, injury severity 

and outcome data on more than 170000 patients were submitted to the MTOS 

from 160 hospitals in the USA, Canada, the United Kingdom and Australia.82 A 

central objective of the MTOS was the identification of patients whose 

unexpected outcomes suggested that their cases would be good candidates for 

peer review.82 MTOS outcome norms were derived using the TRISS index 

(described below), which combines both physiological and anatomical indices 

and is used to characterise the severity of injury and estimate the Ps.77 
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Trauma Revised Injury Severity Score (TRISS) 

 

The TRISS methodology was developed by Champion et al in the early 1980s as 

an objective tool to measure outcomes and compare results between different 

trauma institutions, and has since become a standard component of the quality 

improvement process for most trauma centres.77 78  

 

TRISS attempts to predict the probability of survival as a function of injury 

severity, for patients with blunt and penetrating injuries.77 This is calculated 

using a logistic regression model combining three factors: age, physiological 

parameters to calculate a revised trauma score (RTS), and anatomical lesions to 

calculate an injury severity score (ISS): 

 

• Age is divided into two categories (<55 years, >55 years); 

• RTS is a weighted average of coded values (from 0 to 4) of initial Glasgow 

Coma Score (GCS), systolic blood pressure and respiratory rate;  

• ISS is the sum of squares of the highest abbreviated injury scale (AIS) for the 

three highest scoring body regions.  

 

Separate blunt and penetrating trauma coefficients have been derived from the 

1987 logistic regression analysis of patient data in the MTOS database.  
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TRISS employs the following logistic model to estimate patient survival 

probability: 

Ps = 1/(1+e-b) 

where Ps = Probability of survival 

e = 2.718282 (base of the natural Naperian logarithms) 

b = b0 + b1(RTS) + b2(ISS) + b3(AGE) 

 

  b0  b1  b2  b3 

Blunt   -1.2470 0.9544  -0.0768 -1.9052 

Penetrating -0.6029 1.1430  -0.1516 -2.6676 

  

For example: 

 

• Motor Vehicle Accident (Blunt Trauma)   

 

• Initial physiological observations:  

GCS 3; Systolic blood pressure 90; respiratory rate 0 

 

• ISS: 45 

 

• Age: 16 

 

This patient’s TRISS score would be 0.1294, which represents a 13% probability 

of survival. 
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While TRISS is the most commonly used tool for judging hospital performance 

and monitoring trauma death rates, it has significant limitations.83 These include 

the effects of variable levels of prehospital care and the fact that poorly managed 

less severe injuries can result in the same ISS as well managed severe injuries.84 

85  (For example, if an injury has been misdiagnosed or managed poorly, the 

severity of the injury, such as haematoma size, is likely to increase, and this will 

be reflected in the final ISS). As the quality of trauma care evolves, comparing 

current performance with earlier data from the MTOS database may not be 

relevant.85 

 

Other limitations identified include: inability of TRISS to account for multiple 

severe injuries to a single body part, inability to predict survivall in low falls, and 

the lack of distinction between gunshot wounds and knife (stab) injuries.86 

Demetriades et al, in a study of 5445 trauma registry patients, found that the 

TRISS methodology has major limitations in many subgroups of patients, 

including those with an ISS > 20, multiple region involvement, prehospital 

respiratory assistance, head AIS 4 or higher, abdomen AIS 4 or higher, GCS 12 

or lower, maximum AIS 4 or higher, hospital complications, severe distress 

before reaching hospital, admission to ICU, shock, chest AIS 4 or higher, and 

age 55 years or older.87 They recommended that its use should be seriously 

reconsidered.87 

 

Perhaps the main limitation of using TRISS analysis is that it is unable to control 

for comorbidity. Thus, comparisons of outcomes using TRISS are unable to 

adjust for comorbid illness, which obviously can have a significant impact on 
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outcome.88 Dividing subjects into two age categories (< 55 and >55) is not 

enough to account for the significant role of age and comorbidity in the 

prediction of outcome.88  

 

Even Champion, who developed the TRISS methodology, laments the need for 

evolution of this statistical tool.88 In an editorial comment, Champion discusses 

the widespread use of the MTOS generated coefficients as the standard 

benchmark in trauma outcome studies. This is relevant because of the  substantial 

differences that exist in the epidemiology of injury, in population density, in 

prehospital and emergency inhospital healthcare systems, and the distribution 

and nature of severe and moderate injuries as one moves from country to country 

and continent to continent.89 

 

Champion cites problems with the injury severity score and the trauma score, and 

suggests using age as a continuous variable and including comorbidity.89 

However, it remains the ‘gold standard’ as there is no widely accepted 

substitute.88 89 It is still recommended by the American College of Surgeons.90 

 

While the most commonly measured trauma outcome reported from trauma 

registries is mortality, this represents only a small proportion of the total trauma 

population, ie the majority of trauma patients survive. There is a need to assess 

patient outcomes other than mortality. There is no validated instrument used for 

this purpose, largely because this is an outcome measure that has not been 

studied.91 Also, there are a number of difficulties associated with measuring 
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these outcomes, including resource limitations, the broad spectrum of injury 

regions and severities, and the retrospective assessment of pre-injury status.  

 

The American College of Surgeons recommends using the modified Functional 

Independence Measure.91 However, it is reported that there is no consensus for 

the selection of any one instrument. In one report, the most common problem 

with attempting to follow up trauma patients was that in 40%, the contact details 

were incorrect.92 In this report, the majority of patients were living at home, with 

less than 2% of patients dependent at 6 months post injury. 

 

New Injury Severity Score (NISS) 

 

To calculate the ISS, the highest AIS score in each body region is identified and 

the three largest of these values are squared and summed to obtain the ISS.77 

However, the ISS has often been criticised as it excludes the impact of multiple 

injuries within one body region in its assessment, some of which may be more 

severe than injuries in other body regions. 

 

In the following example of the ISS scoring process, the patient has significant 

injuries in three regions; the head, the abdominal region, and an extremity (lower 

leg). The three most severe scores (subdural haematoma in the head region) in 

each body region are applied, by rule. The ISS score adds to 41. 
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 AIS AIS2 

Small subdural haematoma 4 16 

Parietal lobe swelling 3 9 

Major liver laceration 4 16 

Upper tibial fracture 

(displaced) 

3 9 

 

The NISS is very similar to the ISS. However, it scores the three most severe 

AIS scores regardless of their body region location.3 Thus, multiple injuries 

within one body region can be considered in the NISS.  

 

Region Injury AIS AIS2 

External Multiple abrasions 1 1 

Face Deep laceration tongue 2 4 

Head/neck Subarachnoid 

haemorrhage 

3 9 

Abdomen Major kidney laceration 4 16 

Abdomen Major liver laceration 4 16 

 

In this example, the patient has 5 significant injuries. The ISS = 42 + 32 + 22 = 29. 

The NISS = 42 + 42 + 32 = 41. The NISS differs from the ISS in that it includes 

both injuries in the abdomen (liver and kidney lacerations) because their levels of 

severity exceed those of the injuries in the other regions. 
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Surprisingly, NISS not only makes the calculation a lot simpler, but it also 

predicts survival better than the ISS.3 The Trauma Registry at RPH began to use 

NISS in September 2006. 

 

TRAUMA REGISTRIES 

 

In order to provide an evidence base for many of the treatments and interventions 

in acute medicine and surgery, administrators and clinicians have supported the 

introduction of extensive registries covering many conditions.93 Trauma 

registries provide an important analysis tool to assess the management of patient 

care. They were initially developed to describe the pattern of trauma and trauma 

workload, provide data for research and to demonstrate changes in patient 

outcomes.94 Further, they can be used to assess the quality of trauma care 

system-wide by taking into account the complex interaction between individual 

components of the system of care of patients.93 

 

Trauma registries are well established and relatively common in the USA and 

have been used to change legislation, promote trauma prevention and to evaluate 

trauma system effectiveness.93 In Australia, all states now have at least one 

trauma registry.93 The first truly statewide trauma registry was established in 

Victoria in 2001, with an estimated capture of 1700 major trauma cases 

annually.93 

 

The benefits of a trauma registry are far reaching.93 Evidence obtained through 

trauma registries have consistently shown that a systematic approach to trauma 
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systems can improve patient outcome.93 However, the cost effectiveness of 

organised trauma care and trauma registries has not been established.93 Trauma 

registries arguably provide the best source of data required to determine the 

financial costs of injury.76 Other quality improvement programs such as audits of 

preventable deaths and intermittent reviews targeting specific conditions are 

necessary as an adjunct to the trauma registry to provide a more comprehensive 

picture.93 A registry can provide a powerful argument for greater standardisation 

of treatment and a best practice approach to management.93 

 

In 2003, the National Trauma Registry Consortium (NTRC) (Australia and New 

Zealand) was launched. It focussed on linking together all the relevant 

stakeholders within Australia and New Zealand with the aim of establishing a 

national trauma registry in the region.76 The sample population is 24.5 million 

with the participating trauma registries representing 82% of the total injury case 

load with an Injury Severity Score greater than 15 in the region. 

 

Trauma Registry history in WA 

 

The Trauma Registry at Royal Perth Hospital (RPH) was established in 1994. 

Similar registries were established at Fremantle Hospital in 1995, Sir Charles 

Gairdner Hospital in 1996, and Princess Margaret Hospital for Children in 1998. 

The inclusion criteria for all the registries are: all trauma patients who present 

within 7 days of injury who are admitted for at least 24 hours, as well as patients 

who die in the Emergency Department and within 24 hours of admission. For the 

purposes of the registry, trauma is defined as an injury or wound resulting from 
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an external force. The exclusions are patients who have drowned, and patients 

suffering from the effects of poisoning, inhalation, drug overdose and hypoxia 

(including due to hanging). Over 50% of major trauma victims are treated at 

RPH. 

 

The registries use identical databases and data definitions. It is noteworthy that 

SCGH ceased collection of data on minor trauma (ISS <16) in 2003, and 

Fremantle Hospital in 2006. These variable approaches will have minimal impact 

on this project as it is the major traumas that are of most interest for this project. 

 

GEOGRAPHY AND DEMOGRAPHY OF WESTERN AUSTRALIA 

 

Australia is an island continent and the fifth largest country in the world. It has 

an area of 7 682 300 km2, compared to the United Kingdom’s 244 754 km2 (31 

times the size). The area of Australia is almost as great as that of the United 

States of America (excluding Alaska), and about 50% greater than Europe 

(excluding the former USSR). It is 4005 km from east to west and 3153 km from 

north to south. While its population is 20 million, the bulk of the population 

resides in the major cities of the eastern and southern coasts. 

 

 Western Australia (WA) is one of the six states of Australia and forms the 

western third of Australia with an area of 2.5 million km2 and a coastline of 

20,781 kilometres. Approximately 37% of Western Australia is considered 

tropical, the remainder temperate. Most of its area is sparsely populated 

(population density is 0.8 people per square kilometre95) with the exceptions of 
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the southwest corner and coastal settlements to the north. Its population is 2 

million, with 73% (approximately 1.4 million) residing in the capital city of Perth 

in the state’s south west. Perth has been described as the most remote city on the 

earth.1 It is home to the only tertiary hospitals in the state and transfer distances 

of 2500 km are not uncommon (Fig 1).  
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Fig 1. Map of Western Australia highlighting that over two thirds of the population 

lives in Perth, the distances from Perth and the location of the RFDS bases. 
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PREHOSPITAL CARE – ST JOHN AMBULANCE 

 

St John Ambulance WA Ambulance Service covers the largest area (2 525 500 

square kilometres or 32.9% of the total landmass of Australia) of any single 

ambulance service anywhere in the world.96 However, most of the Kimberley in 

the north of WA has hospital-based ambulances and only Broome and Kununurra 

are managed by the St John WA Ambulance Service.  Some roadhouses and 

mine sites operate their own private ambulances that can deal with trauma.  

Nevertheless, the St John WA Ambulance Service is responsible for the majority 

of the state's road transport and there is reasonable standardisation of vehicles 

and equipment. Furthermore, all calls for ambulance services are received and 

dispatched by the St John Ambulance Operations Centre in Perth. 

 

St John Ambulance are responsible for the delivery of ambulance services 

outside of the Perth metropolitan area; serving a population of approximately 600 

000 persons. These Sub Centres are staffed by 2500 dedicated Volunteer 

Ambulance Officers, and 64 full time Ambulance Officers and Ambulance 

Paramedics. It is important to note that there are 104 country Sub Centres which 

are staffed entirely by volunteer ambulance officers and 12 country Sub Centres 

with a mix of volunteer and career ambulance officers.96 This is quite different 

compared to the eastern states of Australia. 
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ROYAL FLYING DOCTOR SERVICE (RFDS)  

 

The RFDS was the first comprehensive aerial medical organisation in the 

world.97 To this day it remains unique for the range of primary health care and 

emergency services it provides and for the huge area of sparse population and 

climatic extremes over which it operates - 24 hours a day, 365 days a year.97 

 

The WA division of RFDS (called Western Operations) has 5 regional bases. 

These are situated in Derby, Port Hedland, Meekatharra, Kalgoorlie and Jandakot 

(Perth, see map).98 With limited trauma capability in rural and remote WA, the 

RFDS transfers trauma patients to tertiary centres in Perth. Trauma represents 

their largest transfer group, comprising 27% of all patients carried.98 In WA, the 

most commonly transferred injuries by the RFDS are major head injury and 

thoracic trauma.10  

 

For the calendar years 1998-2004, the number of flying hours used by RFDS for 

emergency services has increased 47% from 10173 hours to over 14956 hours, 

with no change in the number of aircraft in the fleet and no effective change in 

operational staff numbers [personal communication, Dr Stephen Langford]. Over 

the same period, the numbers of individual patients transferred has risen by 16% 

from approximately 4900 to almost 5800 per year [personal communication, Dr 

Stephen Langford]. Over 40% of transfers now have a retrieval doctor and flight 

nurse on board, due to the severity or complexity of the patient’s illness [personal 

communication, Dr Stephen Langford]. 
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The RFDS collects clinical and administrative data for every transfer. For the 

purposes of this study, the RFDS database provided data on all transfers from the 

Injury and Poisoning chapter of ICD 9. As poisonings are not relevant to this 

study, all cases with a code of 960.0 and above (poisoning by drugs, medicinal 

and biological substances) were excluded, thus leaving trauma patients only. The 

RFDS has a database of all their transfers, and it is this database that will 

contribute substantially to this study. 

 

Transfer to Perth 

 

Transfer to Perth is required as there is very limited specialist expertise in rural 

and remote WA eg there are only 14 surgeons who work in the 74 non-

metropolitan hospitals in rural WA (data from the RPH trauma registry). These 

hospitals are mainly in towns of only several thousand people. Of these 14 

surgeons, 6 work in Bunbury, which is 185 km south of Perth. Hence, surgical 

expertise is almost non-existent outside of Perth; not to mention other relevant 

resources for major trauma such as intensive care. With the scarce staff and 

resources in rural and remote WA, it has been stated that “the patient has 

undergone a trial of survival before reaching any medical facility.”60 

 

Trauma that occurs in rural WA tends to be retrieved initially by road. Beyond 

about 200 km from a country town, the situation changes. Retrieval distances 

from the first medical facility may be in excess of 1000 km and a further 1000 

km from there to a major centre. All patients with major trauma will eventually 
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be directed to Perth which has the only hospitals with the staff and facilities to 

manage such patients.60 A few patients injured in the very north of WA (eg 

Kununurra, which is 3,300 kilometres from Perth by road) are transferred to 

Darwin, 825 km away by road. Bureaucratic issues such as different state 

administrative boundaries mean that very few such transfers occur. These 

transfers to Darwin are not part of this project. 

 

Along the way there is a cascade of care from the first aid room (often run by 

employers in remote work sites) to local hospitals (often with very limited 

facilities and no surgical capability). Sometimes the first medical care will be 

provided by an untrained person, relying upon the instructions delivered by the 

Royal Flying Doctor Service via satellite telephone or radio.60 The injured may 

then be transported by road or air to a regional hospital where there are limited 

surgical facilities but no capacity for long term intensive care management. 

Regional hospitals do not have the capability for thoracic surgery or 

neurosurgery and patients requiring these services are transferred to a tertiary 

hospital in Perth.60 

 

With the vast distances to be travelled to receive tertiary trauma care in Perth, the 

required interhospital transfers are provided by the Royal Flying Doctor Service 

(RFDS). These enormous transfer distances are at odds with the conventional 

approach to trauma that the ‘golden hour’ is critical to patient outcome. Rather 

than reaching definitive care within one hour, patients from rural and remote WA 

may take many hours to arrive at the hospital of definitive care in Perth.  
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In the only study examining this, the median transfer time was 9 hours 12 min, 

with 93% of patients arriving within 24 hours.10 The median injury severity score 

in the rural group of patients was 25, which was identical to a comparative 

metropolitan group of patients. The rural group had a mortality rate of 11% 

compared to 17% in the metropolitan group. However, these data were criticised 

as not being a population-based study, with the sicker patients perhaps dying 

prior to transfer.25  

 

RECORD LINKAGE AND WESTERN AUSTRALIA 

 

In 1946, Dr Halbert Dunn proposed: 

 

“Each person in the world creates a Book of Life. This book starts with birth and 

ends with death. Its pages are made up of the records of the principal events in 

life. Record linkage is the name given to the process of assembling the pages of 

this book into a volume.”99  

 

Record linkage involves bringing together records derived from different 

sources, but relating to the same individual. The Data Linkage System consists of 

chains of links where each link is associated with a record in one of the core data 

sets. All links in a particular chain have been associated with the same individual 

through the process of probabilistic record linkage.100 

 

Thus Dunn developed the concept of collating the records into a personal file and 

named the process record linkage.101 He predicted that statistical analysis of 
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linked records would be useful to health and welfare agencies in evaluating the 

accuracy of the source records.101 

 

An international review in 2004 found that only a handful of information-rich 

environments worldwide have been constructed from the linkage of multiple, 

large, population-based, administrative datasets.101 They include the Manitoba 

Population Health Information System, Oxford Record Linkage Study, Scottish 

Record Linkage System, Rochester Epidemiology Project, the Centre for Health 

Services and Policy Research in British Columbia, and the WA Data Linkage 

System (WADLS).101 

 

Currently, the WADLS is a complex, multi-set system for the creation, storage, 

update and retrieval of links between health and welfare-related data (see Fig).101 

It uses computerised probabilistic matching and clerical review to create a 

dynamic master linkage key between over 30 population-based administrative 

and research health data collections in WA (population 2 million). The linkages 

mean that the total historical population (3.7 million individuals going back as 

far as 1966) can be researched for all major diseases, their risk and protective 

factors and the utilisation and outcomes of health services.101   

 

The information retained in the system consists of pointers to the source data 

elements. Examples of such data elements are a single record in the hospital 

morbidity data system; a set of records for a single patient in the cancer register; 

or a single record in the death register.101 The elements for a deceased individual 
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might therefore include a cancer registry entry, three hospital separation records 

and a death registration.101 

 

The Data Linkage System consists of chains of links where each link is 

associated with a record in one of the core data sets.102 All links in a particular 

chain have been associated with the same individual through the process of 

probabilistic record linkage. This method of linkage relies on the availability of 

similar demographic information (e.g. name, gender, date of birth, address) in 

each data source.102  

 

Whilst linkage is performed using the personal identifying information derived 

from each of the contributing data sources, the health details are stored and 

managed separately.102 Monthly updates of morbidity, mortality, cancer, 

midwives’, births and mental health linkages, and annual updates for ambulance 

and emergency linkages, ensure that the linked information in the core data sets 

remains current.102  

 

WA electoral roll records were incorporated in April 2000, which helped to 

resolve some doubtful links as well as providing a sampling frame for research 

projects.102 A complete set of electoral roll records was received in March 2001 

and updates are now added quarterly.102  

 

The Health Data Collections Branch of Information Collection and Management 

manages and develops statewide centralised statistical data collections and 
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registers for the Department of Health WA where major data collections are 

housed and maintained.102  

 

Accessibility/Remoteness index of Australia (ARIA) 

 

ARIA measures remoteness in terms of road access from populated localities to 

different categories of service centres.103 Localities that are more remote have 

less access to service centres; those that are less remote have greater access.103 

Service centres are categorised on the basis of their population size. Unlike the 

Socio-Economic Indexes for Areas (SEIFA), ARIA scores are not generally 

grouped by researchers into equal sized percentile intervals.103 This is because a 

large proportion of the population of a typical Australian state resides in areas of 

very low remoteness; the capital and other major cities.103 Rather, the scores are 

grouped as follows on the basis of the size of the score as a measure of 

remoteness:103 

 

• Highly accessibility (ARIA score 0 - 1.84) – relatively unrestricted 

accessibility to a wide range of goods and services and opportunities for 

social interaction. 

• Accessible (ARIA score >1.84 – 3.51) – some restrictions to accessibility of 

some goods, services and opportunities for social interaction. 

• Moderately accessible (ARIA score >3.51 – 5.80) – significantly restricted 

accessibility of goods, services and opportunities for social interaction. 

• Remote (ARIA score >5.80 – 9.08) – very restricted accessibility of goods, 

services and opportunities for social interaction. 
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• Very Remote (ARIA score > 9.08 – 12) – locationally disadvantaged – very 

little accessibility of goods, services and opportunities for social interaction. 

 

ARIA+ (Accessibility/Remoteness Index of Australia Plus) version 1.1 has been 

developed by GISCA, The National Centre for Social Applications of GIS at the 

University of Adelaide.75 ARIA+ represents an update and refinement of the 

ARIA (Accessibility/Remoteness Index of Australia), developed by GISCA and 

the Department of Health and Aged Care in 1999 (Fig 2).75 Like ARIA, ARIA+ 

is an unambiguously geographical approach to defining remoteness.75 
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Fig 2. Map of Western Australia, displaying the ARIA+ Remoteness Categories. 
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SUMMATION 

 

The conventional teaching on trauma care revolves around the ‘golden hour.’ 

This approach is based on overseas urban studies and trauma systems have 

evolved on the tenet that trauma is a time critical illness. More recently, some 

studies have indicated that time may be less crucial than previously thought. 

Regardless, time is a major issue in rural WA, simply reflecting the distances 

involved from injury location to definitive care. In addition, there is no adequate 

definition of rural. The term rural can represent a spectrum of possibilities, 

ranging from a large city in the country relatively close to the capital city, to a 

remote unpopulated highway over 2000 km from definitive care. This is why the 

ARIA is a more useful approach that quantifies the level of remoteness, rather 

than a generic term ‘rural.’ Even in metropolitan Perth, distance and time are 

issues, as the metropolitan area has an area of 5000 km2 and the tertiary hospitals 

are located in the middle of the metropolitan area. 

 

It is unknown how well the overseas system of trauma care delivery applies to 

our setting. The vastness of WA highlights the unique requirements for our 

trauma system, but a population-based study of major trauma in WA has not 

been conducted. These issues of distance, time and remoteness, and their impact 

on mortality are the subject of this thesis. These issues can be studied by 

determining the epidemiology and characteristics of major trauma patients in 

WA. 
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Fatovich DM, Jacobs IG. The relationship between remoteness and 

trauma deaths in Western Australia. J Trauma 2009;67:910-914 
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ORIGINAL ARTICLE

The Relationship Between Remoteness and Trauma Deaths in
Western Australia

Daniel M. Fatovich, MBBS, FACEM, and Ian G. Jacobs, RN, PhD

Background: Mortality from trauma in rural areas is increased compared
with the urban environment. We aimed to describe the relationship
between trauma deaths and various categories of remoteness in rural
areas, in Western Australia (WA).
Methods: We used Death Registry data from July 1, 1997 to June 30, 2006.
Deaths were allocated to one of the five Remoteness Areas classified by the
Accessibility/ Remoteness Index of Australia: Major Cities, Inner Regional,
Outer Regional, Remote, and Very Remote. Population data were obtained
from the Australian Bureau of Statistics 2001 census.
Results: There were 4,937 deaths (3,543, 71.8% men; mean age 43.4 years �
24.3 years). The least number of deaths occurred in Remote WA, and the age at
which death occurred decreased as remoteness increased. Falls occur predomi-
nantly in the elderly in the major city. Transport injuries are the leading cause of
death (43.3%) outside the major city, where self harm is the leading cause of
death (31.2%). The relative risk for death in very remote WA compared with the
major city is 4.28 (95% CI 3.93–4.68). The standardized age-specific death rates
ranged from 24.09 per 100,000 person-years in the major city, to 103.30 per
100,000 person-years in very remote WA.
Conclusions: We have quantified the direct relationship between remoteness
and trauma deaths. In particular, the death rate in very remote areas is over four
times the rate in major cities. Such data should be useful for the planning of
trauma systems in these areas.
Key Words: Remoteness, Trauma mortality, Accessibility/remoteness index of
Australia.

(J Trauma. 2009;67: 910–914)

Trauma is the leading cause of death in the first four decades
of life and the majority of the literature on the subject is

based on urban trauma centers.1,2 Mortality from trauma in rural
areas is increased because of delay in discovery of the victim or
delay in accessing the trauma system.3,4 As a result, time to
definitive care for rural trauma patients is prolonged. As such,
the “golden hour” of trauma care5 has little relevance for this
population, especially in Western Australia (WA), which is
predominantly rural. In the only published WA study examining
this, the median transfer time to Perth was 9 hours 12 minutes,
with 93% of patients arriving within 24 hours.6

However, rural locations may be markedly different.
Hence, a definition of rural is important. The Committee on
Trauma of the American College of Surgeons defines rural as
“an area where geography, population density, weather, dis-
tance or availability of professional or institutional resources
combine to isolate the trauma victim in an environment where
access to definitive care is limited.”7 Baker defines rural
trauma as “an area not adjacent to a metropolitan area and has
no settlement larger than 2,500 persons.”8

Although we could not find an Australian definition of
rural, the Accessibility/Remoteness Index of Australia (ARIA) is
used.9 ARIA is a geographic measure of remoteness that aims to
reflect the ease or difficulty people face in accessing services in
rural Australia.9 This spectrum of accessibility and remoteness
lends itself well to adjusting for the different types of rural
environments e.g., a rural town with a population of 30,000
persons located in close proximity to a major city is quite
different to a rural town of 2,000 persons, and is different again
to a rural mine site of several hundred or less, or a remote
unpopulated highway. Therefore, the use of an index such as
ARIA is a better descriptor than a generic term such as rural.

The aim of this project is to describe the relationship
between varying levels of remoteness and trauma deaths,
using the ARIA in WA. WA is highly urbanized and has a
vast expanse of remoteness. We describe the epidemiology of
trauma deaths using this approach.

PATIENTS AND METHODS

Western Australia
WA is one of the six states of Australia and forms the

western third of Australia with an area of 2.5 million km2 and
a coastline of 20,781 km. Approximately 37% of WA is
considered tropical, the remainder temperate. Most of its area
is sparsely populated (population density is 0.8 people per
square kilometre10) with the exceptions of the southwest
corner and coastal settlements to the north. Its population is 2
million, with 73% (approximately 1.4 million) residing in the
capital city of Perth in the state’s south west. Perth is the most
isolated capital city in the world (personal communication,
Alan May, Geographical Association of WA). It is home to the
only tertiary hospitals in the state. Transferring trauma victims
for definitive care over distances of up to 2,500 km is common.

Transfer to Perth is required as there is very limited
specialist expertise in rural and remote WA. This is highlighted
by the fact that there are only 14 surgeons who work in the 74
nonmetropolitan hospitals in rural WA (data from the Royal
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Perth Hospital Trauma Registry). These hospitals are mainly in
towns of only several thousand people. Of these 14 surgeons, 6
work in Bunbury, which is 185 km south of Perth. Hence,
surgical expertise is almost nonexistent outside of Perth; not to
mention other relevant resources for major trauma such as
intensive care. With the scarce staff and resources in rural and
remote WA, it has been stated that “the patient has undergone a
trial of survival before reaching any medical facility.”11

Trauma that occurs in rural WA tends to be retrieved
initially by road. Beyond about 200 km from a country town,
the situation changes. Retrieval distances from the first med-
ical facility may be in excess of 1,000 km and a further 1,000
km from there to a major center. All patients with major
trauma will eventually be directed to Perth which has the only
hospitals with the staff and facilities to manage such pa-
tients.11 A few patients injured in the very north of WA (e.g.,
Kununurra, which is 3,300 km from Perth by road) are
transferred to Darwin, 825 km away by road. Because of
different state administrative boundaries, very few such trans-
fers to Darwin occur.

Along the way there is a range of care from the first aid
room (often run by employers in remote work sites) to local
hospitals (often with very limited facilities and no surgical
capability). Sometimes the first medical care will be provided
by an untrained person, relying upon the instructions deliv-
ered by the Royal Flying Doctor Service via satellite tele-
phone or radio.11 The injured may then be transported by road
or air to a regional hospital where there are limited surgical
facilities but no capacity for intensive care. Regional hospi-
tals do not have the capability for thoracic surgery or neuro-
surgery and patients requiring these services are transferred to
a tertiary hospital in Perth.11

With the vast distances to be traveled to receive tertiary
trauma care in Perth, the required inter-hospital transfers are
provided by the Royal Flying Doctor Service. These enor-
mous transfer distances are at odds with the conventional
approach to trauma that the “golden hour” is critical to patient
outcome.12 Rather than reaching definitive care within 1 hour,

patients from rural and remote WA may take many hours to
arrive at the hospital of definitive care in Perth.6

Study Details
We obtained all the deaths in WA for the time period

from July 1, 1997 to June 30, 2006 (n � 101,425), from the
Registry of births, deaths, and marriages. The cases were
deidentified. Approval for the study was by the ethics com-
mittee of the University of WA. The variables provided in the
dataset included: age at death, sex, date of death, place of
death, place of death postcode, cause of death code (ICD 9
and ICD 10), and textual description of the cause of death.

Selection of Trauma Deaths
To select only trauma cases, we initially used the

relevant ICD 9 (E800-E999) and ICD 10 (V01-Y98) codes
for external causes of morbidity and mortality.13,14

Because of missing data in the cause of death code
variable, an additional search within the textual description of
the cause of death was undertaken, using the following key
words: trauma, ligature, injury, injuries, multiple injuries,
homicide, motor vehicle crash, stabbed. Cases selected on
this search were then aligned against the process used in step
1, and the discordant cases had their textual descriptions
manually checked (e.g., using the term injury was often
because of hypoxic brain injury because of nontrauma). After
this, the textual description was sorted into ascending order to
alphabetically group cases by their full text description. A
manual review revealed a number of nontrauma cases that
were deleted. Any missing cause of death codes were then
coded by an independent clinical coder.

This final dataset of trauma deaths then had the ARIA
value and category assigned from an ARIA database that uses
postcodes. Further, all the ICD 9 codes were recoded using
the ICD-CM10 external causes of mortality.13 To group the
causes of death into an understandable fashion, we organized
the blocks from ICD-CM10 into five groups as outlined in
Table 1.

TABLE 1. Diagnostic Categories Used to Describe the External Causes of Mortality

Category ICD-10 CM Block Code Description

Miscellaneous X85-Y09 Assault

Y10-Y34 event of undetermined intent

Y35-Y36 legal intervention and operations of war

Y40-Y84 complications of medical and surgical care

Y85-Y89 sequelae of external causes of morbidity and mortality

Y90-Y98 supplementary factors related to causes of morbidity and
mortality classified elsewhere

Transport accidents V01-V99

Falls W00-W19

Other external causes of accidental injury W20-W99 (X20-X29 contact with venomous plants and animals,

X00-X19 X40-X49 accidental poisoning by and exposure to

X30-X39 noxious substances, X50-X57 overexertion, travel and
privation, X58–X59 accidental exposure to other and
unspecified factors, were excluded)

Intentional self harm X60-X84
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It is worth noting that some of the metropolitan trauma
deaths were initially transferred from rural areas. Hence, to
quantify the proportion of metropolitan deaths that arose from
rural WA, the Trauma Registries at each of the tertiary
hospitals in Perth were interrogated for the same period. All
trauma transfers from rural WA will be to these hospitals,
thus giving indicative data on the number of trauma deaths
that occurred in the metropolitan area but resulted from a
rural transfer.

Accessibility/Remoteness Index of Australia
We used the ARIA to quantify the level of remoteness.

Accessibility and remoteness can be seen as two ends of a
continuum which describes the ease or difficulty with
which one can access a range of services. Some services
which are available in larger centers are not available in
smaller centers.9

ARIA� has been developed by the National Centre for
Social Applications of Geographic Information Systems, as a
standard national measure of remoteness.9 It is a geographic
accessibility index that aims to reflect the ease or difficulty
people face accessing services in nonmetropolitan Australia.9
It measures remoteness in terms of access along the road
network from over 10,000 localities to five categories of
service centers.9

Areas that are more remote have less access to service
centers; areas that are less remote have greater access to
service centers.9 ARIA� is based on the road distances
people have to travel to obtain services.9 Localities are where
people are coming from, and service centers are where they
are going to.9 Service centers are localities where the popu-
lation is greater than 999 persons.9 ARIA� is used by the
Australian Bureau of Statistics which conducts a national
population census every 5 years.15 The 2001 census is con-
veniently timed to be in the middle of the study period.

ARIA� is a continuous variable with values ranging
from 0 (high accessibility) to 15 (high remoteness).9 It is a
purely geographic measure of remoteness, which excludes
any consideration of socio-economic status, rurality, and
population size factors.9 The principal focus of the index has
been to quantify accessibility in nonmetropolitan Australia.9
As there is no road access to islands, specific methods are
used to assign distance values to island localities, using a
graduated weighted distance rule.9

Although the ARIA� values are quantified as a con-
tinuous variable from 0 to 15, users prefer to classify the
ARIA� into a discrete number of remoteness classes, termed
Remoteness Areas.9 Figure 1 describes and displays these
areas in WA. This study uses these Remoteness Area cate-
gories to describe rural trauma deaths.

Statistical Approach
Data were analyzed using SPSS (version 15; SPSS Inc,

Chicago, IL). Frequency counts with percentages and de-
scriptives were used to describe the cohort. Standardized
age-specific death rates were calculated using the direct
method with the reference population of WA.15 Relative risks
were calculated to quantify the risks according to remoteness,
and 95% CIs derived.

RESULTS
There were 4,937 trauma deaths identified in the 9

years of the study. This consists of 3,543 (71.8%) men, and
the mean age was 43.4 years � 24.3 years (range, 0–103).
There were on average 549 deaths per year, with the peak
occurrence being 673 during 1998, with a steady decline each
year to 501 in 2005. (Tallies for 1997 and 2006 were for 6
months only).

The Trauma Registry data identified 211 (2.2%) met-
ropolitan deaths in the 9,777 rural transfers i.e., 211 of the
metropolitan deaths resulted from rural trauma. These were
147 (69.7%) men with a mean age of 47.7 years (range,
0–102). These 211 deaths from rural events represent 6.6% of
the metropolitan deaths, or 12.2% of the rural deaths.

All remaining results are based on the ARIA� Remote-
ness Area Categories. Table 2 reports the number of trauma
deaths in each ARIA� category by age and sex. Note that the
least number of deaths occur in remote WA, and that the
mean age at death decreases as remoteness increases.

Table 3 describes the five main diagnostic categories
for ICD-10CM external causes of mortality, according to
gender. This highlights the preponderance of men for all
deaths, except in falls. The greatest disparity is for self harm.

The cause of death in each ARIA� category is reported
in Table 4. This highlights that falls occur predominantly in
the elderly, in the major city. Transport injuries are the

Figure 1. Map of Western Australia, displaying the ARIA�
remoteness categories.
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leading cause of death outside the major city (992 of 2,061,
48.1%), whereas self harm is the leading cause of trauma
deaths in the major city (897 of 2,876, 31.2%), most com-
monly hanging (668 of 897, 74.5%).

Table 5 reports the crude death rate per 100,000
person-years. There is a greater than fourfold increase in
very remote areas compared with major cities. Note that
the “true” rate will be slightly lower in the major cities
category and slightly higher in the other categories than
reported. This is because of the 211 trauma deaths in the
major cities that arose from events that occurred outside of
the major cities category.

DISCUSSION
Our study highlights the disproportionate trauma deaths

that occur in rural areas, with transport injuries the leading
cause of death. In particular, it highlights the value of using
a system such as ARIA, to describe the relationship between
remoteness and trauma deaths. This is most apparent for
those deaths in very remote areas: the rate of death is over
four times that which occurs in major cities. To our knowl-
edge, this relationship between remoteness and trauma deaths
has not been previously quantified. There is no obvious
reason to think that this relationship does not exist elsewhere
in Australia.

The reasons for such an increased incidence of
trauma deaths in very remote areas is likely to be related to
the distance from specialized medical care and hence the
time required to reach definitive care. In addition, discov-
ery of the victim can be delayed, simply because of the
remoteness. This is particularly important for transport
injuries, which is the leading cause of death outside the
major cities.

This study also provides an indirect description of what is
happening in the social landscape of the community. Mining and
farming activities predominate outside the major cities.16 With
the exception of the indigenous population, most adults living in
very remote areas are likely to be there for work, with much of
this employment focused on male-dominated industries (such as
mining, agriculture, forestry, and fishing).16 Men account for

TABLE 2. The Number of Trauma Deaths in Each ARIA� Category by Age and Sex

Major City Inner Regional Outer Regional Remote Very Remote

N Male (%) 1995 (56.3) 471 (13.3) 402 (11.4) 206 (5.8) 469 (13.2)

Mean age (yrs) (range) 43.2 � 23.6 (0–102) 41.0 � 21.7 (0–99) 38.9 � 20.6 (0–99) 33.6 �17.5 (0–90) 35.0 � 16.2 (0–92)

N Female (%) 881 (63.2) 175 (12.5) 142 (10.2) 61 (4.4) 135 (9.7)

Mean age (yrs) (range) 55.8 � 28.3 (0–101) 45.8 � 26.3 (0–99) 41.7 � 27.4 (1–103) 40.3 �23.4 (0–94) 31.5 � 18.4 (0–97)

Overall mean age (yrs) 47.1 42.3 39.6 35.2 34.2

N total (%) 2,876 (58.3) 646 (13.1) 544 (11.0) 267 (5.4) 604 (12.2)

TABLE 3. The Five Main Diagnostic Categories for External Causes of Mortality, According to Gender

Miscellaneous Transport Falls Other External Self Harm Total

N male (%) 280 (63.6) 1,310 (73.0) 276 (50.5) 526 (70.0) 1,151 (81.9) 3,543

N female (%) 160 (36.4) 484 (27.0) 271 (49.5) 225 (30.0) 254 (18.1) 1,394

Mean age yrs � SD 44.7 � 22.7 36.3 � 20.7 75.6 � 18.8 44.2 � 28.5 39.1 � 17.5 43.4 � 24.3

Total 440 1,794 547 751 1,405 4,937

TABLE 4. Cause of Death (N and �%�) by ARIA� Category

ARIA Miscellaneous Transport Falls Other External
Self

Harm Total

Major city 276 (62.7) 802 (44.7) 454 (83.0) 447 (59.5) 897 (63.9) 2,876 (58.3)

Inner regional 51 (11.6) 301 (16.8) 43 (7.9) 82 (10.9) 169 (12.0) 646 (13.1)

Outer regional 22 (5.0) 284 (15.8) 25 (4.6) 85 (11.3) 128 (9.1) 544 (11.0)

Remote 21 (4.8) 140 (7.8) 9 (1.6) 39 (5.2) 58 (4.1) 267 (5.4)

Very remote 70 (15.9) 267 (14.9) 16 (2.9) 98 (13.1) 153 (10.9) 604 (12.2)

Total 440 1,794 547 751 1,405 4,937

TABLE 5. Death Rate per 100,000 Person-years for Each
ARIA� Category

Remoteness
Area

Crude Death
Rate/100,000
Person-years

Standardized
Age-specific
Death Rates
per 100000

Person-years RR (95% CI)

Major cities 25.02 24.09 1.00

Inner regional 33.20 31.94 1.33 (1.22–1.44)

Outer regional 34.36 33.08 1.37 (1.25–1.50)

Remote 30.55 29.50 1.22 (1.08–1.39)

Very remote 107.74 103.30 4.28 (3.93–4.68)
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67% of lone person households in very remote areas, compared
with 45% in Australia overall.16

Conversely, older people tend to require more health
services, and hence are more likely to reside in either the major
cities or inner regional areas. Major cities provide opportunities
for education, employment and social interaction, which are
general requirements for young adults.16 However, the promi-
nence of self harm deaths in the major cities, at a relatively
young age, is sad and contrasts with previous reports that motor
vehicle crashes are the most common cause of mortality for both
urban and rural trauma victims.17,18

It has been stated that every cause of trauma has a
higher mortality in the rural context.19 This suggests that it is
also the care provided to victims of rural trauma that is
different.19 Rural areas have far fewer doctors whereas
trauma systems and specialists are largely concentrated in
urban areas. Some of these issues are particularly prominent in
Australia, a highly urbanized country, with approximately 90%
of the population living in cities, mostly focused in the coastal areas.

Long distances exist between centers in rural Australia,
with no or limited facilities in many areas. A crash in a
remote area may mean that the injured person may not be
found for several hours.11 Some roads in outback Australia
are of poor quality, with a subsequently higher risk of
injury.11 Dispersed medical facilities mean sporadic exposure
to trauma by the doctors and nurses working in the district
hospitals and even the regional hospitals.11 Therefore, inter-
hospital transfer of trauma patients is the routine.20

Conversely, in the single population-based study of
trauma, which controlled for injury severity, Goldberg et al.19,21

found that hospital volume (and by extension rurality) did not
affect survival after injury. Goldberg used an ICD-9 based
measure of injury severity to examine outcome after trauma as a
function of hospital size. Surprisingly, Goldberg found that
small hospitals performed as well as large hospitals. Because
rural hospitals are typically smaller than urban hospitals, Gold-
berg concluded that rural care for trauma victims was no worse
than urban care.21 Our data suggest that this is not the situation
for trauma victims, especially those in very remote areas.

There were limitations to this study. Although the use of
large administrative datasets can be very useful, changes to the
ways the data are collected or recorded may occur over time. It
is not always possible to be aware of such changes. In this
study, the Death Registry data were deidentified. Hence, the
rural trauma deaths that occurred in the major city after their
transfer to Perth, could not be appropriately allocated to their
correct ARIA� category. As such, there is some inherent error in
the “true” death rates we reported. Another limitation is that Death
Registry data does not provide information on deaths before or after
definitive care, time to care or injury severity.

In summary, we have quantified the direct relationship
between remoteness and trauma deaths in WA. In particular,
the death rate in very remote areas is over four times the rate
in major cities. This is likely to be related to the effects of
time and distance for these events. Such data should be useful
for the planning of trauma systems in these areas.
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a b s t r a c t

Background: Metropolitan and rural Western Australia (WA) major trauma transport times are extremely
different. We compared outcomes from these different systems of care.
Methods: Major trauma (Injury Severity Score, ISS > 15) data from the Royal Flying Doctor Service (RFDS)
and Trauma Registries, 1 July 1997–30 June 2006. Two groups were studied: Metro (metropolitan major
trauma transported directly to a tertiary hospital), and Rural (rural major trauma transferred by the RFDS
to a tertiary hospital in Perth). The primary endpoint was death. We used logistic regression and multiple
imputation.
Results: 3333 major trauma patients were identified (mean age 40.1 ± 22.6 yrs; Metro = 2005,
Rural = 1328). The rural patients were younger, had a larger proportion of motor vehicle crashes, and
higher median ISS (25 vs 24, p < 0.001). Mean times to definitive care were 59 min versus 11.6 h, respec-
tively (p < 0.0001). After adjusting for age, injury severity and the effect of time with the initial rural
deaths, there was a significantly increased risk of death (OR 2.60, 95% CI 1.05–6.53, p = 0.039) in the Rural
group. For those rural patients who reached Perth, the adjusted OR for death was 1.10 (95% CI 0.66–1.84,
p = 0.708).
Conclusion: There is more than double the risk of major trauma death in rural and remote WA. However,
if a major trauma patient survives to be retrieved to Perth by the RFDS, then mortality outcomes are
equivalent to the metropolitan area.

© 2011 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

The conventional paradigm of trauma care is that it is a time
critical condition.1 Hence, the ideal system for managing trauma
patients is one in which the time from injury to definitive care is
minimised.2 However, time from injury to definitive care for rural
trauma patients is prolonged.3 As such, the ‘golden hour’ of trauma
care has little relevance for this population, especially in rural and
remote Western Australia (WA).

Mortality from rural trauma increases with delays until discov-
ery of the victim or delays in accessing the trauma system.3 We have
previously quantified the direct relationship between remoteness
and trauma deaths in WA.4 We found that the death rate in very
remote areas is over four times the rate in major cities.

� A Spanish translated version of the summary of this article appears as Appendix
in the final online version at doi:10.1016/j.resuscitation.2011.02.040.

∗ Corresponding author. Tel.: +61 8 9224 2244; fax: +61 8 9224 7045.
E-mail address: daniel.fatovich@health.wa.gov.au (D.M. Fatovich).

This study describes the epidemiology and outcomes of major
trauma patients transferred from rural and remote WA by the
Royal Flying Doctor Service (RFDS). These data are compared to
metropolitan major trauma patients in a population based study.
The transport times for these two groups of patients are extremely
different and we compared the mortality of these two groups of
patients, for those who survive long enough to reach a hospital of
definitive care in Perth.

2. Methods

2.1. Study design

We obtained data from the RFDS database, on all their major
trauma (Injury Severity Score, ISS > 15) transfers to Perth from 1 July
1997 to 30 June 2006. Additional data from the state’s Trauma Reg-
istries was also obtained, including metropolitan major traumas.
The two databases were linked by the WA Data Linkage Branch.
Additional data was obtained from the Death Registry and the Aus-
tralian Bureau of Statistics.
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The cohort was divided into two groups. Metro patients were
metropolitan Perth major trauma patients who were transported
directly to a tertiary hospital. Rural patients were rural and remote
major trauma patients who were transferred by the RFDS to a ter-
tiary hospital in Perth.

2.2. Setting

WA has an area of 2.5 million km2 with a population density of
0.8 people per square kilometre. The population at the 2001 census
was 1.9 million, with 69.7% in Perth. Severely injured rural patients
require transfer to Perth, as there is very limited specialist expertise
in rural and remote WA, such as surgery and intensive care.5 It is
noteworthy that there are only 14 surgeons working in rural WA,
of whom 6 are in Bunbury, 185 km south of Perth.4

The initial care of rural trauma patients may include first aid
at a remote mine site, nursing post or small rural hospital.5 Occa-
sionally, initial care will be given by a member of the lay public
being advised by the RFDS using a radio or satellite telephone. The
injured patient is then transported by road or air to a regional hos-
pital. These hospitals do not have the capacity for thoracic surgery,
neurosurgery or intensive care, so patients are then flown to Perth,
with another road ambulance transport to a tertiary hospital.5

With the scarce staff and resources in rural and remote WA, it
has been stated that “the patient has undergone a trial of survival
before reaching any medical facility”.5 Transport distances can be
over 2000 km, thus adding to the burden of time. Trauma repre-
sents the largest transfer group for the RFDS, comprising 27% of all
patients carried.

The RFDS maintains an extensive retrieval database. Data
extracted for this study comprised all patients with a diagnosis
coded within the Injury and Poisoning chapter of ICD 9. As poi-
sonings were not relevant to this study, all cases with a code of
960.0 and above (poisoning by drugs, medicinal and biological sub-
stances) were excluded, thus leaving trauma patients only.

Perth is remarkable for its isolation from other major cities. Its
population in the 2001 census was 1.4 million and the metropolitan
area is about 5000 km2. There is a single emergency ambulance
service for the metropolitan area. There are trauma registries which
cover each tertiary hospital and use identical databases and data
definitions.

It is important to highlight that deaths that occurred at the rural
hospital prior to transfer are excluded in the rural group. Further,
major trauma patients who exclusively attend a rural hospital are
not captured by the Trauma Registries. Using Death Registry data
from our previous work4, we identified 185 deaths that occurred at
rural hospitals prior to transfer to Perth. These were independently
assessed by the Royal Perth Hospital Trauma Registry to determine
if they would have been eligible for inclusion into the Trauma Reg-
istry as a major trauma. However, these patients are not the focus
of this study and are reported simply to describe the method of
obtaining the correct numbers.

Approval for the study was by the ethics committee of the
University of Western Australia, and the Western Australian
Department of Health, Human Research Ethics Committee.

2.3. Statistical analysis

Data were analysed using SPSS (version 16; SPSS Inc, Chicago, IL,
USA) and Stata (Release 11: StataCorp LP, College Station, TX, USA).
Descriptive statistics were used to describe the cohort, including
the arithmetic mean, Student’s t-test and ANOVA (for normal data)
and median, inter-quartile range (IQR), geometric mean and Chi
square, Kruskal–Wallis and Mann–Whitney tests for non-normal
data. Where appropriate, corrections for multiple comparisons

Table 1
Demographic and injury data.

Metro n = 2005 Rural n = 1328 p-Value

Mean age (yrs ± SD) 43.9 ± 24.3 34.2 ± 18.3 <0.001*

Sex (male) 1425 (71%) 979 (74%) 0.09
Cause

MVC 918 (45.8%) 676 (62.5%)
<0.001*Falls 593 (29.6%) 73 (6.8%)

Othera 494 (24.6%) 332 (30.7%)
Mean initial RTS 6.85 7.04 0.05
95% CI 6.76–6.94 6.87–7.20
Mean RTS on arrival at
tertiary hospital

6.85 7.63 <0.001*

95% CI 6.76–6.94 7.57–7.68
Median ISS (IQR) 24 (17–29) 25 (18–29) 0.001*

Range 16–75 16–75

MVC: motor vehicle crash; RTS: revised trauma score; ISS: injury severity score;
IQR: interquartile range.

* Remains significant after correction for multiple comparisons.
a Other includes: struck by object, stabbing, fire, gunshot, recreational, crushing,

electrical, explosion.

were applied for univariate tests using the sequential rejection
method of Holm.6

The primary outcome for this study is death in hospital, so the
analysis was conducted using univariate and multivariate linear
logistic regression analysis to describe the association of variables
with the risk of death and to create a multivariable model of risk of
death. We used the Hosmer and Lemeshow goodness-of-fit test7 to
check that the models were valid, and the area under the ROC curve
to describe concordance between model prediction and observed
data. We validated the models using bootstrap estimation of the
standard errors to provide robust estimates of 95% confidence
intervals and p-values. We regarded a p-value < 0.05 as statistically
significant.

A major statistical and interpretational challenge for this dataset
is the presence of selection bias as a consequence of missing obser-
vations. These fall into two categories and different approaches
were adopted to deal with them. The first category concerns miss-
ing observations of variables. This is particularly obvious for the
time variables but also applies to some other variables which
relate to the episode before attendance at the tertiary hospital, e.g.
Revised Trauma Score (RTS). We used Heckman selection models8

to assess the nature of the missing data and multiple imputation
using the Stata statistical analysis package with 40 imputed data
sets. We also used the user-written ICE package9 to examine the
sensitivity of the imputation. Analysis of the multiple imputation
dataset used methods that applied ‘Rubin’s Rules’10 to adjust the
degrees of freedom for the estimation of p-values. We used the
user-written MIM package11 for analysis of multiply imputed data.
Interaction terms for time and injury severity were used in the
modelling.

The second category of missing data concerns cases missing
because they died prior to arrival of the RFDS. Imputation is not suit-
able in this case because all we know about the missing cases is that
they are dead and they belong to the Rural group. We used weighted
logistic regression analysis of the imputed data set to address this
selection bias. The weights were based upon the inverse of the
probability of dying before Emergency Department attendance as
shown in Table 3: metro deaths: 1.0; rural deaths: 2.04.

3. Results

There were 3333 major trauma patients identified in the nine
years of the study. Table 1 describes the demographic and injury
data which are significantly different for age, cause and sever-
ity. Note that while the rural patients had a higher median ISS,
the improved RTS reflects the longer time interval from trauma
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Table 2
Injury severity score (ISS) severity categories.

ISS Metro Rural Total

16–24 1046 610 1656
Moderate (52.2%) (45.9%) (49.7%)
95% CI 50.0–54.4 43.2–48.7

25–49 827 663 1490
Severe (41.2%) (49.9%) (44.7%)
95% CI 39.1–43.4 47.2–52.6

50+ 132 55 187
Critical (6.6%) (4.1%) (5.6%)
95% CI 5.6–7.8 3.2–5.4

Chi square = 29.6 p-value < 0.0001.

event to arrival in Perth with the associated period of resuscita-
tion. There were no differences between the groups for anatomic
region injured. There was a larger proportion of chest injuries in the
Rural group (721, 54.3% vs 1001, 49.9%; p = 0.015) but this was not
significant after correction for multiple comparisons. Importantly,
the total number with greater than 4 anatomic regions injured in
the Rural group was significantly greater (168, 12.6% vs 197, 9.8%;
p < 0.0001). Table 2 highlights the different patterns of injury sever-
ity.

Table 3 reports the outcome data and highlights further differ-
ences between the groups, especially for the proportion admitted to
ICU, the length of stay in hospital and the deaths in each group. The
longer length of stay in the Rural group is influenced by the longer
time it takes to repatriate rural patients. Review of the Death Reg-
istry data resulted in an additional 115 deaths in the Rural group
that were assessed as major trauma deaths.

The time intervals are significantly different for each group,
consistent with the different processes of care and the distances
involved (Table 4). Time data is the most frequently missing, due to
the unpredictable nature of trauma. There were 1928 (57.8%) miss-
ing values for time 1, 1016 (30.5%) missing for time 2, and 1381
(41.4%) missing for time 3. The Heckman selection models indi-
cated that missing time data were, at worst, missing at random9

(p-values for the inverse Mill’s ratio were: time 1, p = 0.880; time
2, p = 0.212; time 3, p = 0.495), and this did not alter the results
of the primary analysis. The imputed time interval data were not
significantly different to the observed data.

Table 5 reports the logistic regression model for death in the
Rural group compared to the Metro group, after using imputed
data and weighting the analysis for the rural hospital deaths. This

Table 3
Outcome data.

Metro n = 2005 Rural n = 1328 p-Value

Admitted (ICU) 744 (37.1%) 703 (52.9%) <0.001*

Median 4 5
ICU LOS (days) (IQR) (2–10) (2–11) 0.001*

Range 1–51 1–56
Median hospital 9 12 <0.001*

LOS (IQR) (3–19) (6–24)
Range 0–742 0–282
Initial TRISS 0.811 0.882
95% CI 0.795–0.827 0.865–0.898
Death in tertiary
hospital

395 (19.7%) 111 (8.4%) <0.001*

Deaths at referring
hospital included

395 (19.7%) 226(15.7%) 0.002*

95% CI 18.0–21.5% 13.8–17.7%

ICU: intensive care unit; LOS: length of stay; IQR: interquartile range; TRISS: trauma
revised injury severity score; initial TRISS: the first calculated TRISS in the pre-
tertiary hospital phase.

* Remains significant after correction for multiple comparisons.

Table 4
The key time variables for each group. Observed time data, reported as geometric
mean (95% Cls).

Metro Rural p-Value

Time 1 18 min (17–19) 55 min (48–63) <0.001

Time 2 43 min (41–45) 10.1 h (9.6–10.7) <0.001

Time 3 59 min (57–61) 11.6 h (11.2–12.1) <0.001

Time 1: time of trauma to time of first provider input (usually ambulance). Time 2:
time of first provider input (usually ambulance) to time of arrival at tertiary hospital.
In the Rural group, this time includes prehospital care, rural hospital care and RFDS
retrieval care. Time 3: time of trauma to time of arrival at tertiary hospital Emergency
Department. Note that time 3 does not equal the sum of times 1 and 2 because of
different numbers of missing values.

demonstrates that the predictor variables for death are age, ISS,
ISS2, RTS and total number of regions injured. However, pre-tertiary
hospital time was not included in this model.

3.1. Effect of time

We used logistic regression to examine the effects of time on risk
of death for the entire cohort, weighted to correct for the deaths
that occurred prior to the arrival of the RFDS. The model included
times 1 and 2, age, ISS, ISS2 and interaction terms between ISS and
times 1 and 2. This demonstrated a 19% increased risk of death per
hour of time 1 (OR 1.19, 95% CI 1.03–1.39, p = 0.02) and the interac-
tion between ISS and time 1 (OR 0.99, 95% CI 0.99–1.00, p = 0.056)
approached significance. So the longer it takes for the ambulance
to arrive, the risk of death increases, and this is likely to be influ-
enced by injury severity. Time 2 is associated with a decreased risk
of death of 17% per hour, which is equivalent to 60% of the risk for
time 1 (OR 0.83, 95% CI 0.71–0.97, p = 0.02), but there was no signifi-
cant interaction with ISS (p = 0.138). So once the ambulance arrives,
the risk of death decreases, and injury severity is not relevant. These
results are after adjusting for age and injury severity.

We then compared the Metro and Rural groups in the model, and
also weighted it for the deaths that occurred prior to the arrival of
the RFDS. After adjustment for age, ISS and the interaction terms,
there was a significantly increased risk of death (OR 2.62, 95% CI
1.05–6.53, p = 0.039) in the Rural group. When times 1 and 2 were
replaced by time 3 (i.e. total pre-tertiary hospital time), total time
was not a significant predictor (p = 0.302). So if the patient survives
to be transported to Perth by the RFDS, time does not matter, and
this is not influenced by injury severity (interaction term p = 0.836);
(OR for death in Rural group = 0.99, 95% CI 0.57–1.72, p = 0.972).

In summary, time prior to ambulance arrival is a significant pre-
dictor of the risk of death, after adjusting for age and injury severity.
There is a significant negative interaction between the time prior to
ambulance arrival and injury severity. This suggests that the influ-

Table 5
Multivariable logistic regression for death by group (Metro group is reference) using
imputed data, weighted by selection fraction. This table corrects for the selection
bias that results from the deaths that occurred prior to transfer to the tertiary hos-
pital of definitive care as well as bias from missing values, but does not include time
in the model.

Variable OR 95% CI p-Value

Rural group 1.10 0.66–1.84 0.71
Age 1.06 1.05–1.07 <0.001
ISS 1.17 1.08–1.27 <0.001
ISS2 1.00a 1.00–1.00 0.04
RTS 0.44 0.38–0.50 <0.001
Total number of anatomic regions injured 0.73 0.65–0.92 0.001

Hosmer–Lemeshow p = 0.953. Area under receiver operator curve = 0.92. ISS: injury
severity score; RTS: revised trauma score.

a OR = 0.9990 (95% CI 0.9979–0.9999).
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ence of higher injury severity occurs at earlier rather than later
times. This indicates that when critical injuries are influenced by
the time to first prehospital care, they cause death quickly.

4. Discussion

This population based study reports a comparison between the
conventional urban trauma paradigm of the ‘golden hour’ and the
unique geographic isolation of rural and remote WA that requires
prolonged transport times for definitive care. In general terms, the
mortality outcomes reflect age, injury severity and location. How-
ever, if a major trauma patient survives to be transferred to Perth
by the RFDS, their mortality is equivalent, partly reflecting the ‘self-
selection’ that occurs.12,13

There have been few population based studies of major
trauma.14–17 They are often limited by failures to account for
interhospital transfers, prehospital deaths, or referrals from out-
side the base population.17 Comparisons can be difficult because
of variability of definitions of severe trauma and methodologic
inconsistencies.17 A strength of this study is the use of multiple data
sources that were linked using a data linkage system. This enabled
the cohort to truly reflect population based data over a substantial
period of time. The major weakness is the limited data available
from the Death Registry. This could be addressed by routine data
sharing between the Death Registry and the Trauma Registry, which
would allow for collection of improved descriptive data such as
time intervals and injury severity. This would better inform the
rural trauma system.

While the organisation of the process of trauma care delivery
is crucial to optimise outcomes, there is much regional and inter-
national variation in trauma care delivery.18 The ideal system for
management of major trauma remains controversial, especially in
relation to pre-hospital care and regionalisation of trauma care
delivery.18 For patients who survive long enough to receive RFDS
care, the benefits of the resuscitation care provided, together with
the role of the rural hospitals, appear to be significant in our study.
This is consistent with the report by Gomes et al., that pre-trauma
centre interventions may significantly decrease mortality.19 These
processes represent local solutions to a complex organisational
problem.18

Nathens et al. argue that the importance of time in the con-
text of an organised trauma system is overstated.18 Our findings
are in keeping with this statement and recent work that time may
be less crucial than once thought.19–21 Our more detailed data indi-
cates, however, that time from the trauma to initial prehospital care
is very important and influenced by injury severity. The ‘golden
hour’ phrase might be better stated as ‘time is traumatic.’ This
highlights the importance of quickly getting into a system of care
for those who are critically injured, which is obviously more diffi-
cult in a rural environment. Our results also show that more time
after ambulance arrival is approximately 60% less hazardous than
time from trauma to ambulance arrival. So prevention remains the
biggest opportunity for large improvements in trauma outcomes.

Missing data are a frequent complication of any real world
study.22 The unpredictable nature of trauma means that essential
data such as times and some of the physiologic data will be miss-
ing. Multiple imputation procedures that handle missing data now
exist and were employed for this study. These procedures make
outcomes stronger by not excluding important observations.23 Our
results demonstrate the use of this approach and found that impu-
tation decreased the bias from missing values. The selection bias
produced by missing patients because of early mortality (i.e. the
deaths that occurred prior to arrival at the hospital of definitive
care) was corrected by using weighted analysis. There are limi-
tations to the use of multiple imputation.24 Missing data creates

problems because of selection bias and loss of efficiency. No other
method has been developed to address these issues with a valid
underlying statistical theory.

5. Conclusion

In conclusion, we found that there is more than double the risk
of major trauma death in rural and remote WA. However, if a major
trauma patient survives to be retrieved to Perth by the RFDS, then
mortality outcomes are equivalent to the metropolitan area.
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ORIGINAL ARTICLE

Major Trauma Patients Transferred From Rural and Remote
Western Australia by the Royal Flying Doctor Service

Daniel M. Fatovich, MBBS, FACEM, Michael Phillips, BSc (Hons), MMedSci,
Ian G. Jacobs, BAppSc, RN, PhD, and

Stephen A. Langford, MBBS, FAFPHM, FRACGP, MRACMA, DipRACOG

Background: The “golden hour” of trauma care is irrelevant in rural areas.
We studied the effect of distance and remoteness on major trauma patients
transferred by the Royal Flying Doctor Service from rural and remote
Western Australia.
Methods: The Royal Flying Doctor Service retrieval and Trauma Registry
databases were linked for the period of July 1, 1997, to June 30, 2006. Major
trauma was defined as Injury Severity Score (ISS) �15. Remoteness was
quantified using the Accessibility/Remoteness Index of Australia (ARIA)
classes: inner regional, outer regional, remote, and very remote. The primary
outcome was death.
Results: Among 1328 major trauma transfers to Perth, mean age was 34.2
years � 18.3 years (range, 0–87 years) and 979 (73.7%) were male. Over
half were motor vehicle crashes. Mean transfer time was 11.6 hours (95%
confidence interval [CI], 11.2–12.1). The median ISS was 25 (interquartile
range [IQR], 18–29), and there were no differences within the ARIA classes
for cause and injury patterns. After adjusting for ISS, age, and time, the risk
of death increases as remoteness increases: outer regional odds ratio (OR),
2.25 (95% CI, 0.58–8.79); remote, 4.03 (95% CI 1.04–15.62); and very
remote, 4.69 (95% CI, 1.23–17.84). Risk increases by 87% for each 1,000
km (OR, 1.87; 95% CI, 1.007–3.48; p � 0.05) flown. Despite long retrieval
times, there were no deaths in flight.
Conclusion: There is an excess of a fourfold increase in the risk of major
trauma death in patients transferred to Perth from remote and very remote
Western Australia. Remoteness, as measured by the ARIA, is more important
than distance, in the risk of death.
Key Words: Major trauma, Remoteness, Rural, Royal Flying Doctor Ser-
vice, Retrieval.

(J Trauma. 2011;71: 1816–1820)

The Royal Flying Doctor Service (RFDS) was the first
comprehensive aerial medical organization in the world,

commencing in 1928.1 Its work is woven into the fabric of
life in outback Australia, providing a range of primary health
care and emergency services across extensive areas of rural
and remote Australia.1 Trauma represents their largest trans-
fer group, comprising 27% of all patients carried.2 In Western
Australia (WA), the most commonly transferred injuries are
major head injury and thoracic trauma.3

The conventional urban trauma paradigm is that the
time from injury to definitive care should be minimized.
However, time to definitive care for rural trauma patients is
prolonged.4 As such, the “golden hour” of trauma care5

is irrelevant for this population, especially in WA, which is
predominantly rural and has a vast expanse of remoteness.

We have previously quantified the direct relationship
between remoteness and all trauma deaths in WA regardless
of severity using Death Registry and population data.6 In a
separate study using linked Trauma Registry and RFDS data,
we found that if a major trauma patient survives to be
retrieved to Perth by the RFDS, their mortality is equivalent
to a major trauma in the Perth metropolitan area, partly
reflecting the “self-selection” that occurs.7 However, the issue
of remoteness and major trauma was not specifically studied.
This article provides a detailed description and examination
of the effects of distance and remoteness on major trauma
patients transferred by the RFDS from rural and remote WA.

MATERIALS AND METHODS
An extensive retrieval database is maintained by the

RFDS. Data were extracted for the period of July 1, 1997, to
June 30, 2006. This consisted of all patients with a diagnosis
coded within the Injury and Poisoning chapter of Interna-
tional Classification of Diseases 9. All cases with a code of
960.0 and above (poisoning by drugs, medicinal, and biolog-
ical substances) were excluded, leaving trauma patients only.

Major trauma is defined as an Injury Severity Score
(ISS) �15.The trauma registries at the tertiary hospitals use
identical databases and data definitions. Additional data, such
as the distance flown by the RFDS, was obtained from the
RFDS database. The two databases were linked by the WA
Data Linkage Branch.8 The variables of interest included
demographic data, cause, remoteness location of the trauma,
distance flown, ISS, outcome data, and time data. ISS was
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categorized using the classification by Sampalis et al.9: ISS,
15–24 (moderate); ISS, 25–49 (severe); and ISS �50 (criti-
cal). Approval for the study was provided by the ethics
committee of the University of Western Australia and the
Western Australian Department of Health, Human Research
Ethics Committee.

Setting—Western Australia
WA is a state with an area of 2.5 million km2, and at the

time of the study had a population of 2 million people with
one major metropolitan area (Perth) of 1.4 million. Perth has
been described as the most remote city on earth.10 The only
tertiary hospitals in the state are in Perth. Transferring trauma
patients for definitive care over distances of up to 2,500 km
is required.

We have previously described the rural trauma system
in WA.6 In summary, there is limited specialist expertise in
rural and remote WA, and the rural hospitals do not have the
appropriate resources to provide definitive care of major
trauma patients. Hence, major trauma patients require transfer
to one of the four tertiary hospitals in Perth. About two thirds
of these are treated at Royal Perth Hospital. This study is
focused on those rural and remote major trauma patients who
survive long enough to reach the hospital of definitive care in
Perth. Major trauma patients who die before transfer are not
the subject of this article. With the scarce staff and resources
in rural and remote WA, it has been stated that “the patient
has undergone a trial of survival before reaching any medical
facility.”11

The vast distances to be traveled to receive tertiary
trauma care in Perth are unique, and the RFDS provides the
required interhospital transfers. Such transfer distances are at
odds with the conventional approach to trauma that the
“golden hour” is critical to patient outcome.12 Rather than
reaching definitive care within 1 hour, patients from rural and
remote WA take a mean of 11.6 hours (95% CI, 11.2–12.1)
to arrive at the hospital of definitive care in Perth.7

Accessibility/Remoteness Index of Australia
To quantify remoteness, we used the Accessibility/

Remoteness Index of Australia (ARIA). ARIA was devel-
oped by the National Centre for Social Applications of
Geographic Information Systems, as a standard national mea-
sure of remoteness.13 Accessibility and remoteness are two
ends of a continuum, which describes the ease or difficulty
that one can access a range of services.13 Some services
available in larger centers are not available in smaller centers.
As a geographic accessibility index, it reflects the ease or
difficulty people face in accessing services in nonmetropoli-
tan Australia.13 ARIA excludes any consideration of socio-
economic status, rurality, and population size factors; it is
purely a geographic measure of remoteness.13 ARIA is used
by the Australian Bureau of Statistics.

The ARIA is classified into five discrete remoteness
classes, termed remoteness areas.13 These are major cities,
inner regional, outer regional, remote, and very remote. The
proportions of WA’s geographical area in each of these
remoteness classes are as follows: 0.07%, 0.71%, 3.42%,
9.99%, and 85.81%, respectively.14 Hence, WA is predomi-

nantly very remote. The proportions of the WA population at
the time of the study, in each of these remoteness classes was
69.77%, 11.86%, 9.64%, 5.28%, and 3.45%, respectively.15

This study uses these remoteness area categories to describe
the location of the trauma event. (It is not the location of the
airstrip that the RFDS collected the patient from.) For ease of
writing, whenever we use the term ARIA, we are referring to
the ARIA�, which is the updated version. Our previous
article displays the ARIA map of WA.6

Statistical Analysis
Data were analyzed using Stata (Version 11.1; Stata-

Corp LP, College Station, TX) and SPSS (Version 17; SPSS,
Chicago, IL). The primary outcome was death in hospital.
The primary methods of univariate analysis were the �2 test
for dichotomous independent variables such as gender and
the Wilcoxon independent samples rank-sum test (Mann-
Whitney U test) for continuous or ordinal variables. The time
intervals and distance flown by patients transported by the
RFDS follows a skewed lognormal distribution and conse-
quently the geometric mean was used as an unbiased estimate
of the average. Estimates of the risk of death were based on
the OR, and multivariable logistic regression analysis was
used to adjust the estimates for age and gender and to
examine the role of other variables as effect modifiers or
confounding factors; 95% CIs were calculated. The adequacy
of the models was assessed using the Hosmer and Leme-
show16 goodness-of-fit test, and predictive power was as-
sessed by the area under the receiver operator characteristics
curve. Significance was set at 0.05.

Age was standardized by subtraction of the mean for all
subjects so that the constant in the multivariable regression
models shows the risk of dying for an average aged person
rather than the risk for a person aged zero. Similarly, the ORs
and coefficients for age relate to the difference in risk for each
year over the mean age.

RESULTS
There were 1,328 major trauma patients in the 9 years

of the study. Their mean age was 34.2 years � 18.3 years
(range, 0–87 years) and 979 (73.7%) were male. There were
no deaths during RFDS transfer. A detailed description of the
mechanism of injury is reported in Table 1. Over half resulted
from a motor vehicle crash. Only 22 cases (2.2%) resulted from
penetrating trauma. Table 2 provides a more detailed description
according to the ARIA category. This highlights that age de-
creases as remoteness increases. The overall median ISS was
25 (IQR, 18–29). We found no differences within the ARIA
categories for cause, body region injured, or total number of
body regions injured. Moreover, there was no confounding by
age, ISS, ARIA category or distance, and the ISS was the
same in each ARIA category (p � 0.52). There were no
significant differences with those who had missing ARIA
data, except that the missing data had an increased proportion
of deaths (40 of 340, 11.8%, p � 0.04).

Table 3 reports the important time intervals and mean
distance flown according to ARIA category, reported as
geometric mean. The overall median distance flown was 383
km (IQR, 217-1037 km). Table 4 reports the logistic regres-
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sion model for death. This model correctly identifies the
outcome for 94% of cases with an area under the receiver
operator characteristics curve of 0.82 (95% CI, 0.79–0.84).

There was no significant interaction between distance
and time, ARIA and time, and distance and ARIA. After
adjusting for ISS, age, and time, the risk of death increases as
remoteness increases. As expected, the critically injured
(ISS �50) had the greatest risk of death. Age is also impor-
tant, with each year above the mean age increasing the risk of
death by 2.4%. Distance and ARIA are colinear and therefore
cannot be included in the same model. The pattern of risk
increasing with increasing remoteness shown with the ARIA
model is confirmed by a model with distance, where risk
increases by 87% for each 1,000 km (OR, 1.87; 95% CI,
1.007–3.48; p � 0.05) flown.

However, this is an underestimate when compared with
the effect of remoteness. The decreased risk of death with
longer pretertiary hospital time is a reflection of the self-
selection that occurs in this cohort.

Clinical Scenario
The following case is illustrative of some of the issues

in relation to remoteness, distance, and time: A 24-year-old
male tourist motorbike rider in very remote WA swerved to

avoid an object on the road. He lost control, skidded on
gravel, and rolled several times before being thrown off. The
bike landed on top of him. He was not discovered for 15
hours, but was conscious when found. The ambulance trans-
ported him to the local district hospital, where his initial
observations were as follows: pulse 68 bpm, blood pressure
not recordable, and Glasgow Coma Scale score 12. He spent
4 hours there before the RFDS retrieved him 632 km to Perth,
arriving 22.8 hours after injury, in a periarrest state. Despite
resuscitative thoracotomy in the emergency department, he
died 23 minutes after arrival. His ISS was 21 and he had the
following injuries: bilateral hemothoraces, bilateral pulmo-
nary contusions, cardiac contusion, mediastinal hemorrhage,
fractured scapula, thermal burns to the arm, and multiple
abrasions and contusions.

DISCUSSION
This cohort of major trauma transfers by the RFDS is

remarkable and unique for the magnitude of times and dis-
tances involved. We have shown that remoteness, as mea-
sured by the ARIA, is more important than the distance
patients are flown by the RFDS, for the outcome of death.
Obviously, ARIA, distance, and time are all interrelated. This
study quantifies the relative importance of these, after con-
trolling for age and ISS.

These findings are consistent with our previous Death
Registry study on all trauma deaths in WA.6 However, this
study highlights the greater magnitude of this remoteness
effect on death from major trauma. This is to be expected
because of the reduced accessibility to “normal” emergency
and health services, mainly from the prolonged times but also
the reduced capacity of these services. Clinically, this results
in a greater physiologic derangement, such as acidosis, hy-
poxemia, and coagulopathy. Although not specifically stud-
ied, the role of the rural hospitals and the resuscitation and
transfer care provided by the RFDS seem to be clinically
significant. This is highlighted by the fact that there were no
deaths during retrieval.

It is important to note that major trauma patients who
die before RFDS transfer are not included in this analysis,
because these data are unavailable. However, they underscore
the importance of prevention and using systematic means to
decrease this remoteness effect. Prevention represents the

TABLE 1. Mechanism of Injury for Major Trauma Patients
Transferred by the Royal Flying Doctor Service to Perth

Cause n (%)

MVC driver 257 (26.4)

MVC front passenger 109 (11.2)

MBC rider 108 (11.1)

Struck by object 96 (9.9)

MVC—back passenger 89 (9.2)

Pedestrian 51 (5.2)

Fire 40 (4.1)

Fall from standing 38 (3.9)

Fall �3 m 31 (3.2)

Fall �3 m 24 (2.5)

Miscellaneous other* 129 (13.3)

Total 972 (100)

MVC, motor vehicle crash; MBC, motor bike crash.
* Includes stabbing, explosives, pedal cyclists, machinery, gunshot, burns, and sports.
Data are missing for 356 (26.8%) cases.

TABLE 2. Descriptive Data According to ARIA Remoteness Class

Inner Regional Outer Regional Remote Very Remote p

n* 118 (12.0%) 255 (25.8%) 196 (19.8%) 419 (42.4%)

Mean age (yr) 35.1 � 22.8 34.6 � 19.7 32.4 � 16.7 32.0 � 16.0 0.02

Sex (male) 87 (73.7%) 198 (77.6%) 150 (76.5%) 290 (69.2%) 0.07

Median ISS (IQR) 24 (18–33) 25 (19–29) 25 (19–34) 25 (18–29) 0.52

Admitted ICU 69 (58.5%) 128 (50.2%) 106 (54.1%) 219 (52.3%) 0.50

Median days ICU (IQR) 5 (2–10) 6 (2–12) 6 (2–15) 4 (2–10) 0.38

Median LOS (d IQR) 12 (8–24) 11 (5–21) 12 (7–29) 12 (6–24) 0.44

Death (95% CI) 7 (5.9%) (2.6–12.3) 17 (6.7%) (4.1–10.6) 20 (10.2%) (6.5–15.5) 27 (6.4%) (4.4–9.4) 0.33

RTS, Revised Trauma Score; ICU, intensive care unit; LOS, length of stay in hospital.
* Three hundred forty (25.6%) did not have an ARIA category determined because of missing data on the precise location of the trauma event.

Fatovich et al. The Journal of TRAUMA® Injury, Infection, and Critical Care • Volume 71, Number 6, December 2011

© 2011 Lippincott Williams & Wilkins1818

77



biggest opportunity for large improvements in survival from
major trauma. Specifically, this study highlights the very
large proportion of motor vehicle crashes that were the cause
of injury. Efforts to address this might include the use of
technology, such as automatic crash notification systems that
use car sensors and the global positioning system to signal
local rural emergency services that a crash has occurred,
together with the precise location.4,17,18

Mandatory training in first-aid and resuscitation (as part
of the driver licensing system) would increase the pool of
helpers at rural crash scenes and could ameliorate slower
rural response times.17 Indeed, our previous work highlights
that the time from trauma to first provider input is the most
important time interval in the rural trauma chain of survival,
there being a 19% increased risk of death per hour.7 Rural and
remote road major trauma is a serious problem across Aus-
tralia, and a national effort is required to address it.17 The
vastness of WA magnifies the major problems confronting
rural trauma care viz access to the system and lack of
resources. More specifically, they are as follows: victim discovery
to begin system access, manpower, communications, transport fa-
cilities, and education and maintenance of skills.19 However, we
share the frustrations of others in this field in identifying recom-
mendations that can make an impact. This reflects the complexity of
trauma as a disease of society.

There were limitations to this study. Missing data are a
frequent complication of major trauma studies because of the

unpredictable nature of trauma.20 However, our results show
that the characteristics of those patients without ARIA data
were similar to those with the ARIA data, except for a higher
proportion of deaths. There are also concerns about the
completeness, quality, and limitations in coverage of Trauma
Registry data.21 However, we used an established WA data
linkage technique. This is one of only a handful of information-rich
environments worldwide that have been constructed from the
linkage of multiple, large, population-based, administrative
datasets.22

CONCLUSION
There is in excess of a fourfold increase in the risk of

major trauma death in patients transferred to Perth from
remote and very remote WA. Remoteness, as measured by
the ARIA, is more important than distance in the risk of
death.
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geographical area that is Western Australia. 

80



CHAPTER 6 

 

 

Fatovich DM, Phillips M, Jacobs IG. A comparison of major 

trauma patients transported to trauma centres vs non-trauma 

centres in metropolitan Perth. Resuscitation 2011;82:560-563 

 

81



Resuscitation 82 (2011) 560–563

Contents lists available at ScienceDirect

Resuscitation

journa l homepage: www.e lsev ier .com/ locate / resusc i ta t ion

Clinical paper

A comparison of major trauma patients transported to trauma centres vs.
non-trauma centres in metropolitan Perth�

Daniel M. Fatovicha,∗, Michael Phillipsb, Ian G. Jacobsc

a Emergency Medicine, Royal Perth Hospital, University of Western Australia,
Centre for Clinical Research in Emergency Medicine, Western Australian Institute for Medical Research, Australia
b Western Australian Institute for Medical Research, University of Western Australia, Australia
c Resuscitation and Prehospital Care, Discipline of Emergency Medicine, University of Western Australia, Australia

a r t i c l e i n f o

Article history:
Received 1 December 2010
Accepted 18 January 2011

Keywords:
Major trauma
Trauma system
Mortality
Trauma centre
Non-trauma centre
Time

a b s t r a c t

Introduction: Some major trauma patients in metropolitan Perth (area 5000 km2) are initially transported
to a secondary hospital (non-trauma centre), rather than directly to a tertiary hospital (trauma centre).
They are subsequently transferred to a tertiary hospital. We compared outcomes from these different
systems of care.
Methods: Major trauma (Injury Severity Score, ISS > 15) data from the Trauma Registries, 1 July 1997–30
June 2006. Two groups were studied: group 1 (metropolitan major trauma transported directly to a
tertiary hospital) and group 2 (metropolitan major trauma transported initially to a secondary hospital
and then to a tertiary hospital). The primary endpoint was death.
Results: Group 1 (n = 2005) and group 2 (n = 1078) mean age (43.9 ± 24.3 yrs vs. 39.1 ± 24.3 yrs, p < 0.0001)
both with a median ISS = 24 (p = 0.084). Group 2 had significantly more head/neck injuries (p < 0.0001)
and significantly less thoracic, abdominal and pelvis/extremities injuries (p < 0.0001). There were also
a significantly greater total number of regions injured in group 1 vs. group 2 (p < 0.0001). Mean times
to definitive care were 59 min vs. 4.5 h, respectively (p < 0.0001). After adjusting for age, ISS, RTS, total
regions injured and time, the OR for death in group 2 was 0.99 (95% CI 0.58–1.68).
Conclusion: There is an equivalent risk of major trauma death in these two systems of care. In our
metropolitan area, we were unable to demonstrate a mortality benefit associated with time.

© 2011 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

The conventional paradigm of trauma care in urban areas is that
it is a time critical condition.1 Metropolitan Perth has an area of
over 5000 km2. As a result, some major trauma patients are initially
transported to a secondary hospital (non-trauma centre), rather
than directly to a tertiary hospital (trauma centre). The secondary
hospitals do not have the capacity for the in-patient management of
major trauma and subsequently transfer these patients to a tertiary
hospital after initial resuscitation.

The secondary hospitals in Perth are generally located within
about 30 min of a tertiary hospital. This is particularly noteworthy
because other jurisdictions have adopted a 30 min trauma bypass
protocol, whereby patients who fulfil the triage criteria for major

� A Spanish translated version of the abstract of this article appears as Appendix
in the final online version at doi:10.1016/j.resuscitation.2011.01.016.

∗ Corresponding author at: Emergency Medicine, University of Western Australia
& the Centre for Clinical Research in Emergency Medicine, Royal Perth Hospital,
Perth, WA 6847, Australia. Tel.: +61 8 9224 2244; fax: +61 8 9224 1494.

E-mail address: daniel.fatovich@health.wa.gov.au (D.M. Fatovich).

trauma and are within 30 min of a Major Trauma Service (MTS)
are transported directly to the MTS, with the ambulance bypass-
ing nearer non-MTS hospitals.2 This is because the risk of death is
significantly lower when care is provided in a trauma centre.3 How-
ever, recent studies on the impact of time on trauma deaths have
found that time may be less crucial than previously thought.4,5

This comparative study sought to describe the epidemiology and
outcomes of metropolitan Perth major trauma patients transported
directly to a tertiary hospital, with those who were initially trans-
ported to a secondary hospital. Such an analysis may be useful in
identifying areas that might benefit from more focused research,
education and allocation of resources, as well making recommen-
dations for the trauma system on the risk associated with increased
time to definitive care.

2. Methods

2.1. Study design

We obtained data from the Trauma Registry on all major trauma
(Injury Severity Score, ISS > 15) patients from metropolitan Perth

0300-9572/$ – see front matter © 2011 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.resuscitation.2011.01.016
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for the period 1 July 1997–30 June 2006. The cohort was divided
into two groups. Group 1 (direct) patients were metropolitan Perth
major trauma patients who were transported directly to a tertiary
hospital, usually by ambulance. Group 2 (indirect) patients were
metropolitan Perth major trauma patients who were initially trans-
ported to a secondary metropolitan hospital and then subsequently
transferred to a tertiary hospital by ambulance. Additional data was
obtained from the Death Registry. Approval for the study was by the
ethics committee of the University of Western Australia, and the
Western Australian Department of Health, Human Research Ethics
Committee.

2.2. Perth metropolitan area

Perth is the capital city of Western Australia and is remarkable
for its isolation from other major cities. Its population in the study
period (2001 census) was 1.4 million and the metropolitan area is
about 5000 km2. All of the state’s tertiary hospitals are located in
Perth. There are four tertiary hospitals located near the middle of
the metropolitan area, one exclusively paediatric, which provide an
extensive range of specialist services. An outer ring of six secondary
hospitals do not have the facilities for in-patient management of
major trauma.

There is a single ambulance service for the metropolitan
area. Their trauma protocols state that “trauma patients must be
assessed quickly and transported to an appropriate facility as soon
as possible. Allowing for access and extrication, a paramedic’s
objective for scene time should be a maximum of twenty minutes.”6

This judgement is based on the paramedic’s assessment of the
patient and transport times to the various hospitals. Major trauma
patients that are initially transported to a secondary hospital are
then transferred to a tertiary hospital for ongoing and definitive
care.

We used the following definitions for the relevant times in our
study: time 1 was time of trauma to time of ambulance arrival. Time
2 was time of ambulance arrival to time of arrival at the tertiary
hospital Emergency Department. Time 3 was time of trauma to time
of arrival at the tertiary hospital Emergency Department, i.e. total
pre-tertiary hospital time.

2.3. Trauma Registry in WA

All major trauma is transferred to the four tertiary hospitals in
Perth with about two thirds treated at Royal Perth Hospital. There
are trauma registries, which cover each hospital and use identi-
cal databases and data definitions. The inclusion criteria for all the
registries are trauma patients who present within 7 days of injury,
who are admitted for at least 24 h, as well as patients who die in
the Emergency Department and within 24 h of admission. For the
purposes of the registry, trauma is defined as an injury or wound
resulting from an external force.

Major trauma patients who exclusively attend a secondary or
rural hospital are not captured by the Trauma Registries. So it is
important to highlight that group 1 includes the patients who died
at the tertiary hospital, whereas deaths that occurred at the sec-
ondary hospital prior to transfer are not captured by the Trauma
Registry data for group 2. Using Death Registry data from our pre-
vious work,7 we identified 74 major trauma deaths that occurred
at the secondary hospitals that were not transferred to a tertiary
hospital during the time frame of this study.

2.4. Statistical analysis

Data were analysed using SPSS (version 16; SPSS Inc., Chicago, IL,
USA) and Stata (Release 11: StataCorp LP, College Station, TX, USA).
Descriptive statistics were used to describe the cohort, including

Table 1
Demographic data comparing major trauma patients transported directly to a ter-
tiary hospital (group 1) vs. those transported initially to a secondary hospital and
subsequently transferred to a tertiary hospital (group 2).

Group 1 Group 2 p value
n = 2005 n = 1078

Mean age (yrs ± SD) 43.9 ± 24.3 39.1 ± 24.3 <0.001*

Sex (male) 1425 (71%) 810 (75%) 0.016
Cause
MVC 918 (45.8%) 395 (41.1%) 0.006*

Falls 593 (29.6%) 267 (27.7%)
Othera 494 (24.6%) 300 (31.2%)

MVC: Motor Vehicle Crash.
a Other includes: struck by object, stabbing, fire, gunshot, recreational, crushing,

electrical, explosion.
* Remains significant after correction for multiple comparisons.

the arithmetic mean, Student’s t-test and ANOVA (for normal data)
and median, inter-quartile range (IQR), geometric mean and Chi
square, Kruskal–Wallis and Mann–Whitney tests for non-normal
data. Where appropriate, corrections for multiple comparisons
were applied for univariate tests using the sequential rejection
method of Holm.8 This method was chosen as an accepted compro-
mise between very conservative corrections (such as the Bonferroni
correction) and more liberal corrections such as Sidak.

The primary outcome for this study is death in hospital, so the
analysis was largely conducted using univariate and multivariate
linear logistic regression analysis to describe the association of vari-
ables with the risk of death and to create a multivariable model of
risk of death. We validated the models using bootstrap estimation
of the standard errors to provide robust estimates of 95% confidence
intervals and p-values. We regarded a p-value < 0.05 as statistically
significant.

A major statistical and interpretational challenge for this dataset
is the presence of selection bias as a consequence of missing obser-
vations. These fall into two categories and different approaches
were adopted to deal with them.

The first category concerns missing observations of variables.
This is particularly obvious for the time variables but also applies
to some other variables which relate to the episode before atten-
dance at the tertiary hospital e.g. Revised Trauma Score (RTS). We
used Heckman selection models9 to assess the nature of the miss-
ing data and multiple imputation using the Stata statistical analysis
package with 40 imputed data sets. We also used the user-written
ICE package10 to examine the sensitivity of the imputation. Anal-
ysis of the multiple imputation dataset used methods that applied
‘Rubin’s Rules’11 to adjust the degrees of freedom for the estima-
tion of p-values. We also used the user-written MIM package12 for
analysis of multiply imputed data.

The second category of missing data concerns cases missing
because they died prior to arrival at a tertiary hospital. This is a
major source of selection bias because the probability of its occur-
rence is associated with the time variables and the system of care
before attendance at a tertiary hospital. Imputation is not suitable
in this case because all we know about the missing cases is that
they are dead and they belong to group 2. We used weighted logistic
regression analysis of the imputed data set to address this selection
bias. The weights were based upon the inverse of the probability
of dying before ED attendance as shown in Table 3: group 1: 1.0;
group 2 deaths: 1.53.

3. Results

There were 3083 major trauma patients identified in the nine
years of the study, being 2005 in group 1 and 1078 for group
2. Table 1 describes the demographic data, Table 2 reports the
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Table 2
Injury data comparing major trauma patients transported directly to a tertiary hospi-
tal (group 1) vs. those transported initially to a secondary hospital and subsequently
transferred to a tertiary hospital (group 2).

Group 1 Group 2 p value
n = 2005 n = 1078

Mean initial RTS 6.85 6.98 0.08
95% CI 6.76–6.94 6.86–7.09
Mean RTS on arrival at tertiary

hospital
6.85 7.29 <0.001*

95% CI 6.76–6.94 7.20–7.39
Median ISS 24 24 0.08
(IQR) (17–29) (17–29)
Range 16–75 16–75
Region of injury
Region 1 head or neck 1483 (74.8%) 894 (82.9%) <0.001*

Region 2 face 671 (33.5%) 358 (33.2%) 0.89
Region 3 chest or thoracic spine 1001 (49.9%) 422 (39.1%) <0.001*

Region 4 abdomen or lumbar spine 618 (30.8%) 269 (25.0%) <0.001*

Region 5 extremities or pelvic girdle 1105 (55.1%) 487 (45.2%) <0.001*

Region 6 external 612 (30.5%) 318 (29.5%) 0.56

RTS: Revised Trauma Score.
ISS: Injury Severity Score.
IQR: interquartile range.

* Remains significant after correction for multiple comparisons.

injury data and Table 3 the outcome data of the two groups,
which are significantly different for age and cause. Note that
there is a significant difference in the pattern of injuries. Group
2 had more head/neck injuries and less thoracic, abdominal and
pelvis/extremities injuries. There were also a significantly greater
total number of regions injured in group 1 vs. group 2 (65.3% vs.
34.7% with four or more regions injured, p < 0.0001). However, there
were no significant differences between the two groups for ISS cat-
egories (moderate ISS 15–24, severe ISS 25–49, critical ISS 50+).
Table 3 highlights further differences between the groups, espe-
cially for the proportion admitted to ICU, the length of stay in
hospital and the deaths in each group. The Death Registry data
resulted in an additional 74 deaths included in group 2.

The time intervals are significantly different for each group, con-
sistent with the different processes of care involved (Table 4). Time
data is the most frequently missing, due to the unpredictable nature
of trauma. There were 1063 (34.5%) missing values for time 1, 266
(8.6%) missing for time 2, and 1063 (34.5%) missing for time 3. The
Heckman selection models indicated that missing time data were,
at worst, missing at random10 for times 1 and 3 (p-values for the

Table 3
Outcome data comparing major trauma patients transported directly to a tertiary
hospital (group 1) vs. those transported initially to a secondary hospital and subse-
quently transferred to a tertiary hospital (group 2).

Group 1 Group 2 p value
n = 2005 n = 1078

Admitted ICU 744 (37.1%) 488 (45.3%) <0.001*

Median hospital 9 10 <0.001*

LOS (IQR) (3–19) (5–20)
Range 0–742 0–382
Initial TRISS 0.811 0.859
95% CI 0.795–0.827 0.841–0.877
Death in tertiary hospital 395 (19.7%) 140 (13.0%) <0.001*

Deaths at referring hospital included 395 (19.7%) 214 (18.6%) 0.53
(95% CI) (18.0–21.5%) (16.4–21.0%)

ICU: intensive care unit.
LOS: length of stay.
IQR: interquartile range.
TRISS: Trauma Revised Injury Severity Score.
Initial TRISS: the first calculated TRISS in the pre-tertiary hospital phase.

* Remains significant after correction for multiple comparisons.

Table 4
The key time variables for each group. Observed time data, reported as geometric
mean (95% CIs).

Group 1 Group 2 p value

Time 1 18 min (17–19) 23 min (20–26) <0.001
Time 2 43 min (41–45) 4.8 h (4.5–5.2) <0.001
Time 3 59 min (57–61) 4.5 h (4.2–4.9) <0.001

Time 1: time of trauma to time of first provider input (ambulance).
Time 2: time of first provider input (ambulance) to time of arrival at tertiary hospi-
tal.
Time 3: time of trauma to time of arrival at tertiary hospital Emergency Depart-
ment. Note that time 3 does not equal the sum of times 1 and 2 because of different
numbers of missing values.

inverse Mill’s ratio were: time 1, p = 0.575; time 3, p = 0.575). The
inverse Mill’s ratio for time 2, p = 0.014 reflects a bias from miss-
ing data as these times are different and the missing time 2 data is
not random. However, this did not alter the results of the primary
analysis. The imputed time interval data were not significantly dif-
ferent to the observed data. RTS data were missing for 425 (21.2%)
and 477 (44.2%) cases in groups 1 and 2, respectively.

After using imputed data and weighting the analysis for the
secondary hospital deaths prior to transfer, logistic regression
demonstrates that the predictor variables for death are age, ISS,
RTS and total number of regions injured (Table 5). There was no
effect of time, and no difference in the risk of death for group 2.

4. Discussion

The conventional paradigm of trauma system care is to minimise
the time from the trauma to arrival at the hospital of definitive care.
McKenzie et al. conclude that the risk of death is significantly lower
when care is provided in a trauma centre.3 Our results indicate that
after adjusting for the important variables, there was no mortality
advantage in direct transport to a tertiary hospital. This challenges
conventional thinking but may be related to a selection bias. It is
also worth highlighting that these results relate only to mortal-
ity. There may be other important outcomes that differ, such as
disability.13

There were significant differences to the pattern of injury in
these two groups of patients that are of similar injury severity.
The group 1 patients were older, had more regions injured and
less region 1 (head/neck) injuries compared to group 2. Group
2 had less chest, abdominal and extremity injuries than group
1. These differences probably reflect the clinical decisions of the
paramedics at the scene on where to transport patients. For exam-
ple, the head injuries are more likely to require immediate airway

Table 5
Multivariable logistic regression for death by group (group 1 is reference) using
imputed data, weighted by selection fraction. This table corrects for the selection
bias that results from the deaths that occurred prior to transfer to the tertiary
hospital of definitive care as well as bias from missing values.

Variable OR 95% CI p value

Group 2 0.99 0.58–1.68 0.97
Age 1.06 1.05–1.07 <0.001
ISS 1.08 1.06–1.10 <0.001
RTS 0.42 0.38–0.47 <0.001
Total regions injured 0.74 0.62–0.88 <0.001
Time 1 1.02 0.94–1.11 0.64
Time 2 0.98 0.90–1.07 0.67

RTS: Revised Trauma Score.
ISS: Injury Severity Score.
Time 1: time of trauma to time of first provider input (ambulance).
Time 2: time of first provider input (ambulance) to time of arrival at tertiary hospital.
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interventions, thus making transport to the nearest (secondary)
hospital more likely. Patients with chest, abdominal and/or extrem-
ity injuries, but no head injury, are more likely to be considered
as suitable to transport a longer distance to the tertiary hospital
direct.

We also found that the risk of death decreased with a higher
total number of regions injured. This is explicable by the fact that
the majority of these traumas resulted from a blunt force. The
more regions that are injured, the greater the spread of force
applied to the body. It is noteworthy that this effect is much
greater than ISS, suggesting that the predictive value of ISS is lim-
ited.

Overall, our results are consistent with other reports that inter-
ventions to treat life-threatening events before arrival at a trauma
centre may significantly decrease mortality.14 Our results are
also consistent with recent reports that total prehospital time
does not contribute to mortality.5 However, this is only rele-
vant in the metropolitan area. Time is obviously more important
in rural and remote areas.15 Nevertheless, prevention represents
the biggest opportunity for large improvements in trauma out-
comes.

Our results are not consistent with previous reports that the
mortality of patients transported from outlying hospitals is higher
than that of patients transported from the scene directly to a trauma
centre.16 Such studies do not mention matching for severity or the
possibility of selection bias. It is possible that the initial resuscita-
tion care at our secondary hospitals is better than that of previous
studies, and this would be consistent with the report of Gomes
et al.14

Also, there are no large, well controlled studies in the civil-
ian population that addresses whether quicker definitive care is
universally better in trauma care.16 The numerous smaller stud-
ies are not sufficiently similar to use meta-analysis to resolve the
question.16 The term ‘golden hour’ did not originate from explicit
research findings. It was based on the experience and opinion of
one of the fathers of trauma surgery and trauma system design.16

The intuitive nature of the concept and the prestige of those who
originally expressed it resulted in its widespread acceptance.16

Despite the lack of definitive evidence, numerous research stud-
ies and requests for research funding are based on achieving the
golden hour for trauma patients and take for granted that time
always matters.16 Our results provide support for a prospective
evaluation of interventions at a trauma centre vs. non-trauma cen-
tre, to assess whether secondary hospitals provide equivalent initial
trauma care.

There are limitations to Trauma Registry data. These include
concerns about completeness, quality and limitations in
coverage.17 Missing data are a frequent complication of any
real world study.18 The unpredictable nature of trauma means
that essential data such as times and some of the physiologic
data will be missing. Multiple imputation procedures that han-
dle missing data now exist and were employed for this study.
These procedures make outcomes stronger by not excluding
important observations.19 Our results demonstrate the use of
this approach and found that imputation decreased the bias
from missing values. The selection bias produced by missing
patients because of early mortality (i.e. the deaths that occurred
prior to arrival at the hospital of definitive care) was cor-
rected with the use of Death Registry data, by using weighted
analysis.

5. Conclusions

There is an equivalent risk of major trauma death in these
two systems of care. In our metropolitan area, we were unable to
demonstrate a mortality benefit associated with time.
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Abstract

Objective: Some major trauma (Injury Severity Score [ISS] >15) patients transported to a
secondary hospital in Perth do not survive. We sought to describe this cohort and assess
preventability.

Methods: A cohort study from a previously developed cohort of trauma deaths in Western Australia
from 1 July 1997 to 30 June 2006. A preformatted data sheet was used to collect a range of
descriptive, time, physiological, and autopsy data. Trauma scores were calculated. Pre-
ventability was assessed using three approaches, based on ISS, Trauma Revised Injury
Severity Score (TRISS) and individual case review.

Results: There were 74 major trauma deaths, mean age 55.6 � 26.3 years (range 3–95). Thirty-seven
(50%) were motor vehicle crashes. The mean Revised Trauma Score was 3.84 � 3.09
(0–7.84), median ISS 31 (interquartile range [IQR] 25–51), median TRISS 0.127 (IQR 0.031–
0.772) and median time to death was 80 min (IQR 20 min–10 h 8 min). Severe head and chest
injuries were the most common. Almost half (36, 48.6%) were receiving CPR on arrival to
the hospital. The crude proportion of potentially preventable deaths, based on ISS, TRISS
and case review, were 16.2%, 32.4% and 6.7%, respectively. However, these were predomi-
nantly elderly patients and a decision against resuscitation was recorded in 54%.

Conclusions: The proportion of potentially preventable major trauma deaths at Perth secondary hospi-
tals is low. The most notable group were the elderly after falls, and trauma system efforts
should be focused on this group. Primary prevention of major trauma represents the
biggest opportunity for improvements in trauma survival.

Key words: injury severity score, mortality, non-trauma centre, prevention, trauma.

Introduction

Perth is the capital city of Western Australia (WA) and
had a population of 1.4 million at the time of the present
study. With an area of over 5000 km2, some major
trauma patients are initially transferred to a secondary
hospital, rather than directly to a tertiary hospital.

However, these secondary hospitals do not have the
capacity for the inpatient management of major trauma.
We have previously reported an equivalent death rate
between these two systems of care.1

Nevertheless, there remains a belief that some of
these secondary hospital deaths could be preventable. In
particular, some major trauma patients transported to a
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secondary hospital do not survive long enough to be
subsequently transferred to a tertiary hospital. It is pos-
sible that some of these deaths might not have occurred
if they had been transported directly to a tertiary hos-
pital. A number of studies have been published on pre-
ventable deaths in trauma, with reported rates between
2% and 48%.2 Physiological variables are not usually
available for studies of prehospital deaths, and many
studies concentrate on motor vehicle crashes.

The present study sought to describe a cohort of
major trauma patients, regardless of cause, who exclu-
sively attend a secondary hospital and die there. We
also aimed to assess the potential preventability of these
deaths.

Methods

Setting

Metropolitan Perth has a ring of six secondary hospitals
(Joondalup Health Campus, Swan District Hospital,
Armadale Kelmscott Memorial Hospital, Rockingham
General Hospital, St John of God Hospital Murdoch, Peel
Health Campus) that do not have the facilities for inpa-
tient management of major trauma. These patients are
transported by the single ambulance service for the
metropolitan area. Their trauma protocols during the
period of the study state ‘trauma patients must be
assessed quickly and transported to an appropriate
facility as soon as possible. Allowing for access and
extrication, a paramedic’s objective for scene time
should be a maximum of twenty minutes.’3 This judge-
ment is based on the paramedic’s assessment of the
patient and transport times to the various hospitals.3

Within this system, major trauma patients that are
initially transported to a secondary hospital are then
transferred to a tertiary hospital for ongoing and defini-
tive care. However, these patients are not the subject of
the present paper.

Case selection

We have previously reported a cohort of trauma deaths
occurring in WA, for the time period 1 July 1997 to 30
June 2006.4 In summary, this cohort was established by
identifying the relevant ICD 9 or ICD 10 external cause
of death code from the WA Death Registry. This created
a cohort of trauma deaths in WA (n = 4937), which
included the place of death.

Cases in which the place of death was one of the six
Perth metropolitan secondary hospitals were identified
(n = 163). The medical record for each of these cases
was reviewed to determine their eligibility as a major
trauma in the Trauma Registry, that is, Injury Sever-
ity Score (ISS) >15. It is important to note that major
trauma cases that exclusively attend a secondary hos-
pital are not captured by the Trauma Registry. The
final number that met the case definition of a major
trauma that died at a secondary hospital was 74. Data
on these cases were recorded onto a preformatted data
sheet.

Data pertaining to this cohort included descriptive,
time and physiological data. Autopsy reports were
obtained from the Office of the State Coroner to allow
collection of detailed information on injury severity.
Abbreviated Injury Scale scores were assigned, using
the Abbreviated Injury Scale 1990 Revision (Update 98),
and ISS was calculated.5 Revised Trauma Score and
Trauma Revised Injury Severity Score (TRISS) were
calculated using an online TRISS Calculator.6

Using Trauma Registry data, we also obtained key
descriptive variables of major trauma deaths of patients
transported directly to a tertiary hospital during the
same time period.7 This allowed us to report important
comparisons between the two groups.

The New South Wales Institute of Trauma and
Injury Management defines a preventable death as an
event or complication that is an expected or unex-
pected sequelae of a procedure, disease, illness or
injury that could have been prevented or substantially
ameliorated.8 We assessed preventability with three
approaches: first, by using the classification reported
by Sampalis et al.9 In summary, his classification is
based on the following ISS values: survivable (ISS
9–24), potentially survivable (ISS 25–49) and non-
survivable (ISS 50+). As an alternative, we also used
TRISS scores to assess preventability (TRISS � 0.5).
Finally, individual case review allowed us to form a
judgment on preventability.

Data were collected into an Excel spreadsheet and
imported into PASW Statistics 18 (SPSS, Chicago, IL,
USA). Normally distributed data were analysed using
independent samples t-test and ANOVA. Medians were
used to report non-parametric data and compared using
the Mann–Whitney or Kruskal–Wallis test. c2-test was
used to compare proportions. Binary logistic regression
was used to determine predictor variables that differen-
tiated the secondary and tertiary hospital cohorts. Odds
ratios (ORs) were calculated with 95% confidence inter-
vals (CIs).

Trauma deaths at secondary hospitals
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The present study was approved by the ethics com-
mittee of the University of WA, each individual second-
ary hospital and the Coroner’s ethics committee.

Results

There were 74 major trauma deaths at the six secondary
hospitals during the 9 year period of the study. This
equates to 1.4 deaths per hospital per year. Table 1
describes the cohort and compares these to the major
trauma deaths of patients transported directly to the
tertiary hospitals during the same period.

The first recorded vital signs of the secondary hospi-
tals cohort were: median heart rate 68 (interquartile
range [IQR] 0–84), median systolic blood pressure
30 mmHg (IQR 0–134), median Glasgow Coma Score 6
(IQR 3–14), and median respiratory rate was 16 (IQR
0–22). Only five (6.8%) cases at the secondary hospitals

resulted from penetrating trauma. Almost half (36,
48.6%) were receiving CPR on arrival to the ED. Of
these, 25 (69.4%) were motor vehicle crashes, 2 (5.6%)
were falls, and 9 (25%) were other. There was a signifi-
cant association between age and ISS (r = -0.45, P =
0.0001), as well as age and total number of regions
injured (r = -0.42, P = 0.0001).

Table 2 reports the anatomical distribution of inju-
ries. This highlights that head and chest injuries were
the most common and most severe injuries sustained.
The median total number of regions injured was 3 (IQR
2–4). Table 3 reports comparative data for the different
levels of injury severity, using the Sampalis classifica-
tion. This highlights that 12/74 (16.2%, 95% CI 9.0–
27.0%) are potentially survivable. However, this group
is significantly older, with falls being the predominant
cause.

Table 4 reports comparative data for those with a
TRISS � 0.5 (i.e. �50% probability of survival). There

Table 1. Descriptive data comparing major trauma deaths that occurred at a secondary hospital, with major trauma deaths for
patients transported directly to a tertiary hospital

Secondary hospital
n = 74

Tertiary hospital
n = 395

P-value

Mean age (years) � SD (range) 55.6 � 26.3 (3–95) 53.6 � 26.7 (1–102) 0.54
Proportion male 45 (60.8%) 251 (63.5%) 0.66
Cause 0.13

MVC 37 (50%) 151 (38.2%)
Fall 26 (35.1%) 155 (39.2%)
Other 11† (14.9%) 89 (22.5%)

Median prehospital time (IQR) 46 min (32–68) 45 min (35–68) 0.68
Mean RTS � SD (range) 3.84 � 3.09 (0–7.84) 4.61 � 2.94 (0–7.84) 0.05
Median ISS (IQR) 31 (25–51) 29 (25–45) 0.20
Median TRISS (IQR) 0.127 (0.031–0.772) 0.30 (0.019–0.811) 0.36
Median time to death (IQR) 80 min (20 min–10 h8 min) 1 day (0–6) <0.001

†Struck by object (4), stabbing (2), cutting/piercing (2), electrocution (1), gunshot (1) and hanging (1). IQR, interquartile range; ISS,
Injury Severity Score; MVC, motor vehicle crash; RTS, Revised Trauma Score; SD, standard deviation; TRISS, Trauma Revised Injury
Severity Score.

Table 2. Anatomical distribution of injuries

n (%) Number with AIS 5 (critical) or
6 (non-survivable), n (%)

Region 1: Head or neck 59 (79.7) 30 (40.6)
Region 2: Face 10 (13.5) 0 (0)
Region 3: Chest or thoracic spine 50 (67.6) 26 (35.1)
Region 4: Abdomen or lumbar spine 30 (40.5) 8 (10.8)
Region 5: Extremities or pelvic girdle 27 (36.5) 1 (1.4)
Region 6: External 49 (66.2) 1 (1.4)

AIS, Abbreviated Injury Scale.
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were 24/74 (32.4%, 95% CI 22.3–44.4%) that had a
probability of survival �50%. Again, this group was
significantly older, with falls being the predominant
cause. Only two patients were aged less than 65 years.
In 13 (54%) of these, the medical record indicated a
decision had been made against resuscitation, but the
basis for this decision was not recorded. Table 5
describes five (6.7%, 95% CI 2.5–15.7%) cases that were
considered possibly preventable if they had been taken
directly to a tertiary hospital.

Logistic regression was used to determine if there
were any significant variables to determine which
cohort the patient belonged to. The model contained the
following clinically meaningful variables: age, sex, pre-
hospital time, cause, ISS and TRISS. The only variables
to contribute to the model were age and TRISS. After

adjusting for age, TRISS and prehospital time, the odds
of being a secondary hospital death increased by 2%
per year of age (OR 1.02, 95% CI 1.005–1.036, P = 0.01),
and this cohort also had a significantly lower TRISS
(OR 0.32, 95% CI 0.113–0.929, P = 0.036).

Discussion

We have found a low proportion of potentially pre-
ventable major trauma deaths at Perth secondary
hospitals. Using the worst case scenario, about one-
third of these deaths might be potentially preventable,
which equates to approximately one potentially pre-
ventable major trauma death every 2 years per second-
ary hospital. If one then factors in that over half

Table 3. Comparative data according to the Sampalis classifications of injury severity

ISS 15–24, survivable ISS 25–49, potentially survivable ISS 50+, non-survivable P-value

n 12 (16.2%) 38 (51.4%) 24 (32.4%)
Median age (IQR) 82 (76–86) 64 (30–84) 43 (24–55) <0.001
Cause <0.001

MVC 1 (8.3%) 15 (39.5%) 21 (87.5%)
Fall 9 (75.0%) 16 (42.1%) 1 (4.2%)
Other 2 (16.7%) 7 (18.4%) 2 (8.3%)

Median prehospital time (IQR) 39 min (25–64) 47 min (32–70) 50 min (33–82) 0.52
Arrived to ED in cardiac arrest 2 (16.7%) 16 (42.1%) 18 (75.0%) 0.002
Mean RTS � SD (range) 6.28 � 2.85 (0–7.84) 4.0 � 3.21 (0–7.84) 2.32 � 2.05 (0–5.44) 0.001
Median TRISS (IQR) 0.93 (0.84–0.94) 0.3 (0.07–0.77) 0.01 (0.003–0.12) <0.001
Median total regions injured (IQR) 2 (1–2.75) 2.5 (1–3.25) 4 (4–5) <0.001
Median time to death (IQR) 9.2 h (1.6–22.7) 1.6 h (34 min–39.2 h) 28 min (17–83) 0.007

IQR, interquartile range; ISS, Injury Severity Score; MVC, motor vehicle crash; RTS, Revised Trauma Score; SD, standard deviation;
TRISS, Trauma Revised Injury Severity Score.

Table 4. Comparative data for those with a TRISS � 0.5 (i.e. �50% probability of survival) versus TRISS < 0.5

TRISS < 0.5 TRISS � 0.5 P-value

n (%) 47 (63.5%) 24 (32.4%)
Median age (years) (IQR) 39 (25–59) 85 (76–90) <0.001
Cause <0.001

MVC 33 (70.2%) 2 (8.3%)
Fall 5 (10.6%) 20 (83.3%)
Other 9 (19.1%) 2 (8.3%)

Median prehospital time (IQR) 47 min (33–75) 40 min (28–69) 0.18
Arrived at ED in cardiac arrest 36 (76.6%) 0 <0.001
Mean RTS � SD (range) 2.03 � 2.08 (0–6.90) 7.39 � 0.72 (5.03–7.84) <0.001
Median ISS (IQR) 45 (29–57) 25 (17–26) <0.001
Median total regions injured (IQR) 4 (3–5) 2 (1–2.75) <0.001
Median time to death (IQR) 35 min (17–95) 22.3 h (4.0–92.8) <0.001

IQR, interquartile range; ISS, Injury Severity Score; MVC, motor vehicle crash; RTS, Revised Trauma Score; SD, standard deviation;
TRISS, Trauma Revised Injury Severity Score.
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these had a decision made against resuscitation, then
the figure is one potentially preventable death per
hospital every 5 years. The fact that almost half the
deaths were in cardiac arrest by the time of arrival
at the secondary hospital highlights that primary pre-
vention of major trauma represents the biggest oppor-
tunity for large improvements in major trauma
survival.

Assessing the preventability of deaths can be prob-
lematic, and there is no consensus as to which is the
preferred methodology. The Sampalis et al. study dem-
onstrated no additional benefit for using a committee to
classify injury severity on the basis of anatomical
damage over applying ISS-based survival probabilities,
except for falls.9 Their cohort only had 14% falls and
40% penetrating injuries, with a mean age of 34 years,
which is very different to our cohort. Nevertheless, the

consistency, reliability and reproducibility of both
trauma scoring systems and clinical review have been
questioned.2 The variability in our results is consistent
with other reports.

Using a TRISS with a �50% chance of survival
again highlights the influence of age and mechanism
(i.e. falls) on our results. Our study highlights how
severe the impact of age is on major trauma outcomes,
especially in falls, which is more likely to occur
with age. Although TRISS already divides into
two categories at age 55 years, previous studies dem-
onstrate that age is an independent risk factor for
death in major trauma, and the risk increases as age
increases.1,7,10–12

It appears that the decisions made by the ambu-
lance paramedics in the Perth metropolitan area on
where to transport their major trauma patients are

Table 5. Cases considered possibly preventable after individual case review

Age Sex Mechanism Total regions
injured

Most severe injury ISS Time to
death (h:min)

Why possibly preventable

77 F Assault, struck
by object

6 Head and chest
AIS 3

22 23:09 Head CT incorrectly reported
as normal, so sent to ward.
Had traumatic subarachnoid
haemorrhage, small splenic
laceration and multiple
fractures.

72 M Fall in hospital 1 Head
AIS 5

25 73:47 Fall not handed over; no CT
for 2 days despite increasing
drowsiness; on warfarin.
Had intraventricular and
brainstem blood, generalized
cerebral swelling, subdural
haematoma and traumatic
subarachnoid haemorrhage.

86 F Fall at home 1 Head
AIS 5

25 27:45 CT not performed for 10 days;
gradual deterioration; for
palliation. Had subdural
haematoma, extensive
cerebral contusions,
traumatic subarachnoid
haemorrhage, fractured base
of skull, intracranial
haemorrhage and dural
sinus thrombosis.

85 M Fall 3 m onto head 4 Chest
AIS 5

33 02:17 Had lacerated atrium.

68 M MVC 2 Chest
AIS 5

29 01:32 Persistent hypotension,
lacerated aorta

AIS, Abbreviated Injury Scale; CT, computed tomography; F, female; ISS, Injury Severity Score; M, male; MVC, motor vehicle
crash.
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generally appropriate and that this system is working
well. This is particularly noteworthy because other
jurisdictions have adopted a 30 min trauma bypass
protocol, whereby patients who fulfil the triage criteria
for major trauma and are within 30 min of a Major
Trauma Service (MTS) are transported directly to the
MTS, with the ambulance bypassing nearer non-MTS
hospitals.13 The secondary hospitals in Perth are gen-
erally located within about 30 min of an MTS. Our
data suggest that such a trauma bypass protocol in
Perth would have a minimal effect on potentially pre-
ventable deaths.

However, focusing on the elderly, especially after
falls, that meet prehospital major trauma criteria,
might optimize their outcomes. It is possible that cur-
rently, paramedics do not take into account the effect
of age, especially in elderly patients after falls.
Trauma systems need to be aware that the elderly
after falls might not display the obvious physiological
derangement seen after motor vehicle crashes. This
makes them appear to be deceptively uninjured, but
they should be considered high risk. Indeed, Table 3
highlights the relatively good initial Revised Trauma
Score in elderly falls patients. The elderly patients in
Table 5 who died from their head injury underscore
the importance of early imaging in such patients. At
the time of the study, not all secondary hospitals had
an on-site CT scanner; but they do now. Also, our
results support the importance of falls prevention
strategies.

There were limitations to the present study. Retro-
spective studies are dependent on the data recorded at
the time of the incident. Assessing preventability on
individual medical record review is likely to underesti-
mate the level of preventability as all relevant factors
might not be recorded. Indeed, this approach had the
lowest level of preventability in the present study.
Although we were fortunate to have access to both
physiological and autopsy data, the ISS scoring system
only takes into account the highest single injury from
each body region, and thus might underrepresent the
severity of injury.2

Also, the variability in reported preventability rates
is probably a function of several factors. These include
differences in casemix, the variety of methodologies
employed, differing patterns of injury and trauma
systems globally and different times at which studies
were conducted.2 Differing definitions of preventability,
including ‘possibly’, probably and ‘definitely’ might also
cloud the issue.2 Comparisons between systems and
studies are therefore difficult.

Conclusion

The proportion of potentially preventable major trauma
deaths in Perth secondary hospitals is low, being about
one per hospital every 5 years. The most notable group
were the elderly after falls, and trauma system efforts
should be focused on this group. Our results also high-
light that primary prevention of major trauma repre-
sents the biggest opportunity for large improvements in
trauma survival.
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CHAPTER 8 

 

GENERAL DISCUSSION 

 

This thesis addresses the system of major trauma care in Western Australia 

(WA). The focus is on the unique geography of WA and the effect of distance, 

time and remoteness on mortality. These issues are connected to the overarching 

perspective of trauma and our society. The following clinical scenario 

demonstrates these issues: 

 

A 24 year male tourist motorbike rider in Very Remote WA swerved to avoid an 

object on the road. He lost control, skidded on gravel and rolled several times 

before being thrown off the bike, which landed on top of him. He was not 

discovered for 15 hours, but was conscious when found. The ambulance 

transported him to the local district hospital, where his initial observations were: 

P 68 bpm, BP not recordable, and GCS 12. He spent 4 hrs there before the 

RFDS retrieved him 632 km to Perth, arriving 22.8 hrs after injury, in a peri-

arrest state. Despite resuscitative thoracotomy in the ED, he died 23 min after 

arrival. His ISS was 21 and he had the following injuries: bilateral 

haemothoraces, bilateral pulmonary contusions, cardiac contusion, mediastinal 

haemorrhage, fractured scapula, thermal burns to the arm and multiple 

abrasions and contusions. 
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Statement of principal findings 

 

The table summarises the main findings of this study in relation to the original 

questions posed. These are all questions that have not been answered before and 

highlight that remoteness is the most important predictor of death. 

Table. Summary of main findings. 

 

What is the relationship between remoteness and all trauma deaths in Western 

Australia? 

 

There is an increased risk for death in Very Remote WA compared to Perth; RR 

= 4.28 (95%CI 3.93-4.68). 

 

Are there differences in injury severity, patterns of injury and mortality in 

rural major trauma patients versus metropolitan major trauma patients? 

 

Rural major trauma patients are more severely injured (ISS 25 vs 24) resulting 

from significantly more motor vehicle crashes. There is an increased risk of 

death in the rural major trauma patients (OR 2.60, 95%CI 1.05-6.53), but if a 

major trauma patient survives to be retrieved to Perth, the mortality outcomes are 

equivalent to the metropolitan area (OR 1.10, 95%CI 0.66-1.84). 

 

Also, time prior to ambulance arrival is a significant predictor of the risk of 

death: there is a 19% increased risk of death per hour of pre-ambulance arrival 

time. 
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What are the characteristics of major trauma patients transferred by the 

RFDS, and the effect of distance, time and remoteness on mortality? 

 

After adjusting for ISS, age and time, the risk of death increases as remoteness 

increases: Outer Regional OR 2.25 (95%CI 0.58 - 8.79), Remote 4.03 (95%CI 

1.04 – 15.62), Very Remote 4.69 (95%CI 1.23 – 17.84). Risk increases by 87% 

for each 1000 km (OR 1.87, 95%CI 1.007-3.48, p = 0.05) flown by the RFDS; 

whereas total pre-tertiary hospital time decreases the risk of death (OR 0.92, 

95%CI 0.86-0.99, p =0.03). This is a reflection of the ‘self-selection’ that occurs. 

Remoteness is more important than distance in the risk of death. 

 

Is there a mortality benefit associated with direct transport to a tertiary hospital 

in Perth, versus initial transport to a secondary hospital followed by 

subsequent transfer to a tertiary hospital? 

 

After adjusting for age, ISS, RTS, total regions injured and time, the OR for 

death in those initially transported to a secondary hospital was 0.99 (95%CI 0.58-

1.68). The mean times to definitive care were 59 min for direct transport versus 

4.5 hrs for initial transport to a secondary hospital. We were unable to 

demonstrate a mortality benefit associated with time. 
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What are the characteristics of those major trauma patients who were initially 

transported to a secondary hospital and did not survive long enough to be 

transferred to a tertiary hospital? 

 

Half were from motor vehicle crashes and almost half were receiving CPR on 

arrival to the secondary hospital. The number of potentially preventable deaths 

was low, being around one per hospital per 5 years. The most notable group were 

the elderly after falls, and trauma system efforts should be focused on this group. 

 

Findings in relation to other studies  

 

What is the relationship between remoteness and all trauma deaths in Western 

Australia? 

 

Rural trauma care is a significant challenge for trauma systems.104 This is 

because of delay in discovery of the victim or delay in accessing the trauma 

system.53 WA is highly urbanised and has a unique geography with a vast 

expanse of remoteness, and a sparse population with limited rural emergency 

services. Transferring trauma victims for definitive care in a tertiary hospital 

requires many hours of transport time over distances up to 2500 km.  

 

While the challenges of rural trauma care have been well described, there has 

been little quantification of the effect of remoteness. The first paper provided 

data on the epidemiology of trauma deaths in WA.105 Trauma is responsible for 

5% of deaths in WA. These are predominantly men and their mean age is 43 yrs. 
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The leading cause of death outside of Perth is transport injuries. However, self 

harm is the leading cause of death in Perth. This contrasts with previous reports 

that motor vehicle crashes are the most common cause of death for both urban 

and rural trauma victims.53 70 71  

 

Using the Accessibility Remoteness Index of Australia (ARIA), we found that 

the relative risk for death in very remote WA compared to Perth was 4.28 

(95%CI 3.93-4.68).105 The standardised age-specific death rates ranged from 

24.09 per 100000 person-years in Perth to 103.3 per 100000 person-years in very 

remote WA. The incidence of trauma is 50.9 per 100000 population, with a 

mortality of 28.8 per 100000. These figures are consistent with reports from 

other countries: Auckland city 33.6 per 100000 population and 14.4 per 100000, 

Los Angeles 151 per 100000 population and 31 per 100000, and Calgary 69.5 

per 100000 population and 20 per 100000 .106-109 These data reflect the society 

aspects of trauma; for example, the commonest cause of trauma death in Los 

Angeles is homicide (guns); 106000 were killed on India’s roads in 2006.109 

 

The age at death decreases as remoteness increases, consistent with ABS data on 

the population.105 This is also a reflection of the social landscape of the 

community. Mining and farming activities predominate outside of Perth, and 

these are male dominated industries. Conversely, the only cause of death in 

which the sex distribution is equal is for falls, which is predominant in Perth. 

Falls are more common in the elderly, and the elderly are more likely to reside in 

Perth.110 Also, women live longer than men. 
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The quantification of the direct relationship between remoteness and trauma 

deaths in WA underscores the planning of trauma systems in these areas. It 

highlights the important role of the RFDS in rural and remote WA for major 

trauma. 

 

Are there differences in injury severity, patterns of injury and mortality in 

rural major trauma patients versus metropolitan major trauma patients? 

 

In WA, the required retrieval and transport of trauma patients is provided by the 

Royal Flying Doctor Service (RFDS). Trauma represents 27% of their workload. 

Hence, the RFDS is an integral component of the system of trauma care for rural 

and remote WA. A major focus of this thesis is the work of the RFDS and it 

became obvious that a comparative assessment of these patients retrieved by the 

RFDS with metropolitan patients was essential. As the times to definitive care in 

these two systems are extremely different, useful lessons about the impact of 

time on trauma outcomes might be obtained. 

 

Our results quantify the extraordinary time difference for major trauma patients 

to reach the hospital of definitive care in Perth: 59 min vs 11.6 hrs.111 We also 

found that the rural patients had a significantly higher ISS (25 vs 24) and this is a 

new finding. This compares with an ISS of 22 in Victoria.112 This probably 

reflects the substantially higher proportion of motor vehicle crashes in rural and 

remote WA compared to the metropolitan area, with the associated greater forces 

that cause injury. This results in an increased risk of death in the rural major 

trauma patients (OR 2.60, 95%CI 1.05-6.53), but if a major trauma patient 
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survives to be retrieved to Perth, the mortality outcomes are equivalent to the 

metropolitan area (OR 1.10, 95%CI 0.66-1.84).  

 

The predictor variables for death in our study were: age, ISS, RTS and total 

number of regions injured.111 These have been previously described, except for 

total number of regions injured. It is noteworthy that this effect is much greater 

than ISS, our study reporting an OR 1.17 for ISS vs OR 0.73 for total number of 

regions injured. This new finding is explicable by the fact that the vast majority 

of these traumas resulted from a blunt force. This is a very different pattern of 

injury to the USA experience (firearm injuries 19% vs < 1%).76 The limitations 

of ISS in the TRISS methodology have been previously reported.84 85 87 113 Even 

though it is a widely accepted methodology, our study provides further 

information on the reliability of the ISS. 

 

Our detailed analysis on time intervals demonstrated a 19% increased risk of 

death per hour for the injury-ambulance arrival time interval.111 So the longer it 

takes for the ambulance to arrive, the risk of death increases, and this is likely to 

be influenced by injury severity. The time interval from ambulance arrival to 

arrival at the tertiary hospital is associated with a decreased risk of death of 17% 

per hour, but there was no significant interaction with ISS. So once the 

ambulance arrives, the risk of death decreases, and injury severity is not relevant. 

Clinically, this means that what really matters is if the injured patient has an 

immediate life threat such as imminent exsanguination or an acute airway 

problem, which can cause death quickly.  This concurs with the influence of 

higher injury severity causing death at earlier rather than later times.  
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So it is very important to get into a system of care quickly, especially if you are 

critically injured. This is obviously more difficult in a rural environment, with 

obvious limitations on reducing this time interval. 

 

What are the characteristics of major trauma patients transferred by the 

RFDS, and the effect of distance, time and remoteness on mortality? 

 

These patients are significantly younger than major trauma patients from 

metropolitan Perth, with a higher ISS resulting from a much higher proportion of 

motor vehicle crashes. There is a four fold increase in the risk of major trauma 

death in patients retrieved to Perth by the RFDS from Remote and Very Remote 

WA.114 This ‘remoteness effect’ is more important than the distance flown by the 

RFDS. The decreased risk of death with longer pre-tertiary hospital time is a 

reflection of the ‘self-selection’ that occurs.111 So while distance and time are the 

traditional measures of rurality, our use of the ARIA has found that remoteness is 

the best predictor of death in relation to this. Obviously, remoteness, distance and 

time are all inter-related. This study quantifies the relative importance of these, 

after controlling for age and ISS. 

 

These findings are consistent with our previous Death Registry study on all 

trauma deaths in WA.105 However, we have highlighted the greater magnitude of 

this ‘remoteness effect’ on death from major trauma.114 This is to be expected 

due to the reduced accessibility to ‘normal’ emergency and health services, 

mainly from the prolonged times but also the reduced capacity of these services. 
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Clinically, this results in a greater physiologic derangement, such as acidosis, 

hypoxaemia, and coagulopathy. Whilst not specifically studied, the role of the 

rural hospitals and the resuscitation and transfer care provided by the RFDS 

appear to be clinically significant. This is highlighted by the fact that there were 

no deaths during retrieval.114  

 

Is there a mortality benefit associated with direct transport to a tertiary hospital 

in Perth, versus initial transport to a secondary hospital followed by 

subsequent transfer to a tertiary hospital? 

 

Whilst we have addressed the importance of time in rural and remote WA, time 

and distance are also important issues in the metropolitan area.  With an area of 

over 5000 km2, there are some major trauma patients who are initially 

transported to a secondary hospital and then transferred to a tertiary hospital for 

definitive care. The conventional paradigm is that the risk of death is 

significantly lower when patients are transported directly to a trauma centre.17 

Obviously, indirect transfer increases the time to reaching the hospital of 

definitive care. However, more recently, studies have found that time may be less 

crucial than previously thought.21 In addition, as the transport times from the 

secondary hospitals are in-between the relatively short direct transfer times and 

the extremely long rural and remote transfer times, there may have been useful 

lessons in comparing these groups. 

 

Although the mean time differences were 59 min vs 4.5 hrs, we found no 

mortality advantage with direct transport to a tertiary hospital.115 This challenges 
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conventional thinking, but may be related to a selection bias manifest as a 

different pattern of injury in the two groups. This probably reflects the clinical 

decisions of the paramedics at the scene on where to transport patients. For 

example, patients with head injuries are more likely to require immediate airway 

interventions, thus making transport to the nearest (secondary) hospital more 

likely. Patients with chest, abdominal and/or extremity injuries, but no head 

injury, are more likely to be considered as suitable to transport a longer distance 

to the tertiary hospital direct. 

 

Nevertheless, our results are consistent with other reports that interventions to 

treat life-threatening events before arrival at a trauma centre may significantly 

decrease mortality.116 Our results are also consistent with recent reports that total 

prehospital time does not contribute to mortality.21 It is also possible that the 

initial resuscitation care provided at our secondary hospitals is better than that of 

other studies.  

 

However, in the state of Victoria, which has the most mature trauma system in 

Australia, a statewide trauma system was introduced in 2000, including 

guidelines to direct all patients with major trauma or potential major trauma to a 

Major Trauma Service if one was accessible within 30 min.112 This system was 

associated with a significant reduction in risk-adjusted mortality.112 It is 

noteworthy that Victoria has a completely different ARIA profile to WA, with no 

Very Remote area and only 0.1% of the population residing in Remote 

Victoria.117 
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Also, there are no large, well controlled studies in the civilian population that 

addresses whether quicker definitive care is universally better in trauma care.14 

The numerous smaller studies are not sufficiently similar to use meta-analysis to 

resolve the question.14 The term ‘golden hour’ did not originate from explicit 

research findings. It was based on the experience and opinion of one of the 

fathers of trauma surgery and trauma system design.14 The intuitive nature of the 

concept and the prestige of those who originally expressed it resulted in its 

widespread acceptance.14 Despite the lack of definitive evidence, numerous 

research studies and requests for research funding are based on achieving the 

golden hour for trauma patients and take for granted that time always matters.14 

Hence, it might simply be better to state that the time frame for delivering 

definitive care varies from patient to patient and is more appropriately termed a 

“golden period.”20 

 

What are the characteristics of those major trauma patients who were initially 

transported to a secondary hospital and did not survive long enough to be 

transferred to a tertiary hospital? 

 

Finally, it became important to assess those patients who died before being 

transferred to a tertiary hospital, as some of these deaths might be potentially 

preventable. We found that the proportion of potentially preventable major 

trauma deaths at Perth secondary hospitals is low, being around one per hospital 

per 5 years.118 Half were from motor vehicle crashes and almost half were 

receiving CPR on arrival to the secondary hospital. The most notable group were 

the elderly after falls, and trauma system efforts should be focused on this group. 

106



It appears that the decisions made by the ambulance paramedics in the Perth 

metropolitan area on where to transport their major trauma patients are generally 

appropriate and that this system is working well.  

 

Meaning of the study 

 

A major finding of this study is that there is a 19% increased risk of death for 

each hour of time prior to ambulance arrival. This is important in rural areas, 

where delays in discovery of the victim result in delays accessing the trauma 

system. This highlights the need for alternative approaches, such as automatic 

crash notification systems.114 This is similar to the Emergency Position 

Indicating Radio Beacon (EPIRB) that is mandatory for boating. These systems 

reduce the response time of emergency services, and Australian data highlights 

the potential for automatic crash notification systems to significantly influence 

the Australian road toll.119 Another alternative approach would be to make first 

aid training a mandatory part of driver licensing.120 This might help ameliorate 

the effects of the injury-ambulance arrival time interval, and would also have 

useful general benefits for the community. Rural and remote road major trauma 

is a serious problem across Australia, and a national effort is required to address 

it.120 The vastness of WA magnifies the problem. 

 

The conventional paradigm of trauma care has a heavy focus on the golden 

hour.4 5 Much of this paradigm is based upon work from the USA, including their 

military experience. Such a paradigm needs to be tested in other countries and 
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other trauma systems, to assess whether or not this paradigm is appropriate 

elsewhere. There is no clear evidence that one system is superior to any other.104  

 

This is particularly noteworthy because some jurisdictions in Australia have 

adopted a 30 min trauma bypass protocol, whereby patients who fulfill 

prehospital triage criteria for major trauma and are within 30 min of a Major 

Trauma Service (MTS) are transported directly to the MTS, with the ambulance 

bypassing nearer non-MTS hospitals.54 The 30 min transport time was selected 

so that most patients, on average, would reach hospital well within the ‘golden 

hour’ of trauma care.54 

 

Interestingly, the data in this thesis indicates that the golden hour is largely 

irrelevant and that the trauma system in Perth works well. This is important 

because the secondary hospitals in Perth are largely located within about 30 min 

of a tertiary hospital. Our data suggests that a trauma bypass system in Perth 

would have minimal impact on mortality; although examination of our data 

indicates that the ambulance service already practices a form of trauma bypass, 

manifest as the selection bias from paramedic judgement reported in our paper.115 

 

This is supported by an 8 year review of trauma bypass in Sydney, which found 

that the positive predictive value of a trauma bypass protocol was 18.6% (95% 

CI 16.9-20.4).121 The authors also highlight that ambulance officers should be 

encouraged to use their own judgement, as this has previously been demonstrated 

to be equivalent to any triage tool.121 This is also consistent with our findings of 

no mortality benefit with direct transport to a tertiary hospital.115 
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However, focusing on the elderly, especially after falls, that meet prehospital 

major trauma criteria, might optimize their outcomes.118 It is possible that 

currently, paramedics do not take into account the effect of age, especially in 

elderly patients after falls. Trauma systems need to be aware that the elderly after 

falls may not display the obvious physiologic derangement seen after motor 

vehicle crashes. This makes them appear to be deceptively uninjured, but they 

should  be considered high risk. Indeed, we found that the elderly falls patients 

have a relatively good initial RTS. So while falls prevention may not be 

considered to be at the cutting edge in relation to major trauma, our results 

support the importance of falls prevention strategies. 

 

Strengths and weaknesses of the study 

 

The strength of this study is the use of multiple data sources that were merged 

using a data linkage system. The WA Data Linkage system is one of only a 

handful of information-rich environments worldwide that have been constructed 

from the linkage of multiple, large, population-based, administrative datasets.101 

This enabled the cohort to truly reflect population based data over a substantial 

period of time. As such, it is noteworthy that there have been few population 

based studies of major trauma.106-108 112 They are often  limited by failures to 

account for interhospital transfers, prehospital deaths, or referrals from outside 

the base population.108 Comparisons can be difficult because of variability of 

definitions of severe trauma and methodologic inconsistencies.108  
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The main limitation is the issue of missing data, a frequent complication of any 

real world study.122 The unpredictable nature of trauma means that essential data 

such as times and some of the physiologic data will be missing. Multiple 

imputation procedures that handle missing data now exist and were employed for 

this study. These procedures make outcomes stronger by not excluding important 

observations, and this approach is now recommended.123 Our results demonstrate 

the use of this approach and found that imputation decreased the bias from 

missing values.  The selection bias produced by missing patients because of early 

mortality (ie the deaths that occurred prior to arrival at the hospital of definitive 

care) was corrected by using weighted analysis.  

 

Missing data creates problems because of selection bias and loss of efficiency 

and there are pitfalls in the use of multiple imputation.124 These include omitting 

the outcome variable from the imputation procedure, assuming the data are 

normally distributed, computational problems and the data may not be missing at 

random.124 No other method has been developed to address these issues with a 

valid underlying statistical theory. Nevertheless, there is increased enthusiasm 

and use of this technique to improve the validity of research results.123 124 

 

The use of Trauma Registry data is subject to limitations. These include concerns 

about completeness, quality and they are rarely population based.125 126 The other 

major weakness is the limited data available from the Death Registry. This could 

be addressed by routine data sharing between the Death Registry and the Trauma 

Registry, which would allow for collection of improved descriptive data such as 

time intervals and injury severity. This might be achieved by obtaining the 
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medical and ambulance records of the relevant patients who died at the rural 

hospitals and calculating the various trauma scores. This was the approach used 

to study the secondary hospital deaths in this thesis, and would allow for an 

assessment of potentially preventable deaths.118 This would better inform the 

rural trauma system. However, while the data are potentially retrievable, the time 

to delay to the present time together with the large number of rural hospitals and 

the lack of certainty of obtaining complete quality data would make this an 

arduous task. Not only would it be logistically difficult, but success is not certain.  

 

Unanswered questions and future research 

 

This study concentrated on the outcome of mortality. This is a very important 

outcome, but there are other important outcomes following major trauma, viz 

disability. Most trauma patients survive, but their functional status has not been 

reported and this may be adversely affected by remoteness, distance and time. 

Sihler et al found that rural site of injury was associated with a worse functional 

outcome at hospital discharge (OR 1.27) when compared with urban site of 

injury.127 Suburban injuries were also associated with an increased risk of poor 

functional outcome (OR 1.12). Unfortunately, disability outcomes are not 

collected by the Trauma Registry in WA, but there has been some work on this 

done from the Victorian State Trauma Registry.128 Using the abbreviated 

Functional Independence Measure at 6 month follow up, they found overall 

outcomes were good, but generally worse for head injured patients. 
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More recently, an increasingly formal system of trauma bypass has been 

instituted in Perth. Our data indicates that this is unlikely to reduce mortality, 

except perhaps in the elderly after falls. Subsequent studies are required to assess 

the impact of this. Also, since this study was completed, the RFDS has acquired 

a jet aircraft that halves the flying time from remote WA.129 Our results indicate 

that remoteness is more important than distance in the risk of death, so this 

should have no impact on major trauma mortality. However, this would need to 

be formally assessed. 

 

Final comments 

 

This is the first population based study of major trauma in WA. Rigorous, 

population-based epidemiologic studies have important health policy 

implications.108 Our study highlights geographic variations in the system of 

major trauma care in WA and the effects of distance, time and remoteness on 

mortality. These data can be used by the state trauma system to monitor the 

performance of health services.130 The variations in outcome demonstrate the 

value of population based data, provided that the inherent biases are controlled 

for by appropriate methodology. 

 

In summary, we found that major trauma is more severe in rural WA, resulting in 

a higher mortality than metropolitan Perth. This primarily relates to the time to 

receive initial ambulance care. Consequently, shortening this time, perhaps by 

augmenting access to ambulance services, or improving bystander first aid, or 

implementing systems for early notification of when a motor vehicle crash 
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occurs in a remote area, are initiatives that have the potential to improve 

outcomes. Reassuringly, in the Perth metropolitan area, major trauma patients 

initially transported to a secondary hospital are not disadvantaged.  

 

My experience of emergency medicine over the past two decades leads me to 

conclude that the trauma system is improving: the organisational systems are 

better, the education is better (eg Emergency Management of Severe Trauma 

courses in both urban and rural centres), plus resuscitation skills are better. The 

trauma system is generally more responsive to the needs of trauma patients. 

However, this thesis highlights that trauma is not a surgical disease. Trauma is a 

disease of society. This has public health implications, and underscores the 

importance of injury prevention programs to improve the survival and outcomes 

from trauma. This should be a priority for local, regional and state organisations. 

For rural trauma, our data highlights that the best measure of rurality is not 

distance or time, but remoteness. 
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