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Abstract
Introduction
Major trauma patients are often perceived as being young males injured by high energy transfer mechanisms. The aim of this study was 
to describe the demographics of major trauma patients who were transported to hospital by ambulance.

Methods
This is a retrospective cohort study of adult major trauma (injury severity score >15) patients transported to hospital by St John Western 
Australia emergency ambulance in metropolitan Perth, between 1 January 2013 and 31 December 2016. To describe the cohort, median 
and interquartile range (IQR) were used for continuous variables and counts and percentages for categorical variables. Differences 
between mechanism of injury groups were assessed using the Kruskal-Wallis test. Trauma deaths were defined as early (declared 
deceased within 24 hours) or late (declared deceased within 30 days). 

Results
A total of 1625 patients were included. The median age was 51 years (IQR 30-75) and 1158 (71%) were male. Falls from standing 
were the most common mechanism of injury (n=460, 28%) followed by motor vehicle crashes (n=259, 16%). Falls from standing were 
responsible for the majority of early (n=45/175, 26%) and late deaths (n=69/158, 44%). A large number of early deaths also resulted from 
motorbike crashes (n=32/175, 18%) with a median age of 34 years (IQR 21-46, p<0.001).

Conclusion
Major trauma is not only a disease of the young. More than half of the cohort was more than 51 years of age and the most common 
cause was a fall from standing. Pre-hospital care must evolve to address the needs of a changing trauma patient demographic. 
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Introduction
Injury is known to be a significant cause of preventable 
mortality and morbidity worldwide (1). Traditionally, major 
trauma has been viewed as a disease of the young (2), 
more specifically, a disease of young males caused by high 
energy transfer mechanisms of injury such as motor vehicle 
crashes and interpersonal violence (2). In keeping with this, 
emergency medical service (EMS) training and resources are 
often focussed on the management of this group. Similarly, 
community awareness of mortality from major trauma tends to 
also focus on this group (3).

Over recent years there has been an increase in the mean 
age of trauma patients together with major trauma as a result 
of falls from a low level (2). A better understanding of the true 
demographics of major trauma may help to inform clinical 
practice, enable better tailoring of paramedic education and 
improve patient outcomes.

Objective
 
The aim of this study was to describe the demographics, injury 
characteristics and outcomes of major trauma patients who 
were transported by ambulance to hospital in a metropolitan 
area. 

Methods
Study design
We conducted a retrospective cohort study of adult (≥16 years 
of age) patients who were transported by St John Western 
Australia (SJ-WA) emergency ambulance in metropolitan 
Perth (Western Australia) with an injury severity score (ISS) 
greater than 15 (resulting from a blunt, penetrating or thermal 
mechanism of injury) between 1 January 2013 and 31 
December 2016. Consistent with previous trauma studies, we 
excluded trauma resulting from drowning, hanging or poisoning 
(4,5). We also excluded patients who were not initially 
transported by SJ-WA from the incident scene and those not 
transported by road ambulance. Patients with late effects of 
injury (more than 24 hours post-trauma) and those who had 
no initial electronic ambulance transport record were also 
excluded. 

Study setting
The metropolitan area of Perth has a population of 
approximately 2 million (6) and SJ-WA is the sole provider of 
emergency ambulances. Each emergency ambulance is staffed 
with at least one paramedic (with the second crew member 
being another paramedic or ambulance officer) and all crews 
have the capacity to provide advanced life support (excluding 
rapid sequence intubation) (7). SJ-WA is contracted to provide 
critical care paramedics to the helicopter emergency medical 
service, owned by the Department of Fire and Emergency 
Services. However, this service does not routinely operate in 

the metropolitan area of Perth.

During the study period, patients were transported to one of 
nine hospital emergency departments. Of these, three were 
tertiary and six were secondary hospitals. One of the tertiary 
hospitals is a Level 1 trauma centre (8,9). The five secondary 
hospitals and one private hospital provide definitive care 
for non-major trauma (8). It has been recommended by the 
Western Australia Department of Health that major trauma 
patients (defined as those with an injury that has the potential 
to cause prolonged disability or death) should be transported 
directly to the Level 1 trauma centre unless there is an 
imminent threat to life (7,10). 

Data sources
There are four hospitals that contribute data to the Western 
Australian State Trauma Registry (WASTR): the three tertiary 
hospitals and one of the secondary hospitals. The registry also 
includes records for patients who are transferred after initial 
treatment at another hospital which did not provide data to the 
registry (11). 

Patients were identified in the WASTR if they had an ISS 
greater than 15, their mode of arrival was recorded as 
‘ambulance’ and the location of injury occurrence was 
described as ‘metropolitan’. Demographic details, injury 
mechanism, injury characteristics, length of hospital stay, date 
and location of death were then extracted from the registry. 
Patient data was then linked with the electronic patient 
care record (ePCR) from the SJ-WA database using either 
deterministic or probabilistic matching (FRIL ver.2.1.5, Emory 
University and Centers for Disease Control and Prevention, 
Atlanta, Georgia, US). Date of birth, first and last names and 
residential address were used as key identifiers to link between 
the databases. The SJ-WA database contains data from the 
ePCR, completed for each case by EMS providers, together 
with data from the computer-aided dispatch system. 

The WASTR includes 39 different mechanisms of injury codes. 
For the purpose of this study certain mechanisms of injury were 
excluded (as detailed above) and the remaining re-coded into 
eight specific codes: motor vehicle crash, motorbike crash, 
pedestrian, pedal cyclist, fall from height (height higher than 
standing level), fall from standing (including falls from the toilet 
or chair), violence and other (fire, sport related, other). The 
registry also provides a severity level for each injury according 
to the Abbreviated Injury Scale (AIS) ranging from 6 (fatal) to 
1 (minor). AIS codes were used to identify whether a patient 
sustained a major injury in the six ISS body regions (head/
neck, face, chest, abdomen, extremities and external). An AIS 
level of ≥3 was used to define major injury. We defined deaths 
as being either early (patients who were declared deceased in 
hospital within 24 hours of the emergency call being received) 
or late deaths (those who died within 30 days [excluding 
those declared deceased within 24 hours]). Patients who are 
recognised as life extinct pre-hospital are not included in the 
WASTR and thus not included in this study. 
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Figure 1. Included and excluded patients during the study period 

Statistical analysis
To describe the cohort, counts and percentages were used 
for categorical variables and median and inter-quartile 
ranges (IQR) for continuous variables. To describe trends in 
demographics, injury characteristics and outcomes across 
the calendar years 2013 to 2016 for dichotomous variables, 
the Cochran-Armitage test was used. For comparisons of 
continuous data, the Kruskal-Wallis test was used and the 
Pearson chi-square used for categorical variables. Patient 
demographics and mortality were compared between the 
mechanism of injury groups using counts and percentages 
and the Kruskal-Wallis test for continuous variables. A p-value 
of <0.05 was considered statistically significant. Data analysis 
was performed with IBM Statistical Package for Social 
Sciences (SPSS) Version 24.0 (IBM, Armonk, NY, US). 

Ethics approval
Ethical approval was obtained from the Curtin University 
Human Research Ethics Committee (HR 128/2013). Ethics 
approval for access to the WA State Trauma Registry data 
was obtained from the Royal Perth Hospital Human Research 
Ethics Committee (PRN 464). Approval to access the SJ-WA 
data was obtained from the St John Research Governance 
Committee.
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and JF assisted in writing and providing a critical review of 
the manuscript. All authors gave the final approval for the 
submission. 

Results
There were 1664 records in the WASTR pertaining to patients 
who were 16 years of age or more who had an ISS greater than 
15 from a blunt, penetrating or thermal mechanism of injury and 
were transported from the incident scene by SJ-WA emergency 
ambulances during the 4-year study period. We were unable 
to obtain the initial emergency ambulance transport record for 
34 patients, three records could not be linked and two records 
were duplicated in the registry (Figure 1).

Cohort characteristics 
This left a study cohort of 1625 patients (Figure 1). The median 
age of patients was 51 years (IQR 30-75) and 1158 (71%) were 
male. The median ISS was 22 (IQR 17-27) and 67% (n=1081) 
had a major head injury. Falls from standing were the most 
common mechanism of injury with 460 (28%) patients injured 
by this mechanism. Motor vehicle crashes were the second 
most common cause of injury (n=259, 16%). During the study 
period, there was a total of 339 (21%) deaths recorded in the 
WASTR that met the study’s inclusion criteria. Of these, 175 
(52%) were early deaths, 158 (46%) were late deaths, and six 
occurred after 30 days (2%). 

Changes during the study period 
Over the study period, median age, ISS, length of stay of 
those who survived 30 days and the occurrence of serious 
complications did not change significantly (Table 1). The 
number of patients injured by a penetrating mechanism 
increased over the study period (p=0.008). However, blunt 
trauma was responsible for over 90% of the injuries throughout 
the study period. 
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Table 1. Demographic and trauma characteristics of major trauma patients in the WASTR transported by SJ-WA during the study 
period 
 2013 2014 2015 2016 p-value
Total patients 381 370 450 424  
Age median (IQR) 54 (30-77) 49 (28-74) 52 (29-74) 51 (31-75) 0.437
Male (%) 270 (71) 276 (75) 324 (72) 288 (68)  0.248†
Trauma characteristics 
Blunt injury (%) 375 (98) 358 (97) 427 (95) 404 (95) 0.008†
Penetrating injury (%) 6 (2) 12 (3) 23 (5) 20 (5)
ISS median (IQR) 24 (17-27) 24 (17-29) 22 (18-27) 22 (17-27)  0.217
Injury characteristics 
Major head injury AIS ≥3 (%) 252 (66) 256 (69) 297 (66) 276 (65)  0.539†
Major chest injury (%) 144 (38) 134 (36) 177 (39) 150 (35)  0.699†
Major abdominal injury (%) 46 (12) 52 (14) 78 (17) 67 (16)  0.071†
Outcomes
Early death (%) 45 (12) 43 (12) 46 (10) 41 (10) 0.257 †
Late death (%) ¶ 42 (12) 34 (10) 42 (10) 40 (10)  0.410†
LOS in 30 day survivors median (IQR) 10 (5-18) 9 (5-17) 8 (4-15) 9 (5-18) 0.101
Serious complications (%) †† 105 (28) 87 (23) 106 (24) 109 (26)  0.583†
Mechanism of injury
MVC (%) 57 (15) 61 (16) 69 (15) 72 (17)  
MBC (%) 46 (12) 46 (12) 63 (14) 62 (15)
Pedestrian (%) 34 (9) 28 (8) 21 (5) 23 (5)
Pedal cyclist (%) 15 (4) 22 (6) 17 (4) 15 (4) 0.387
Fall from height (%) 54 (14) 44 (12) 67 (15) 57 (13)
Fall from standing (%) 113 (30) 95 (26) 133 (29) 119 (28)
Violence (%) 26 (7) 40 (11) 49 (11) 44 (10)
Other (%) ‡ 36 (9) 34 (9) 31 (7) 32 (8)
Transport destination 
Direct to trauma centre (%) 177 (47) 196 (53) 193 (43) 200 (47)
Indirect to trauma centre (%) 96 (25) 99 (27) 149 (33) 115 (27) 0.019
No trauma centre (%) 108 (28) 75 (20) 108 (24) 109 (26)

Notes: Data presented as count (percentage); data analysed with Cochran-Armitage test for trend, Kruskal-Wallis test, chi-square; 
† Cochran-Armitage test for trend; bold font indicates significance; LOS = length of stay; MVC = motor vehicle crash; MBC = 
motorbike crash; AIS = Abbreviated Injury Scale score; ¶ excluding deaths <24 hours; †† serious complications = acute kidney 
injury, acute myocardial infarction, acute respiratory distress syndrome, cardiac arrest, cardiac failure, deep vein thrombosis, 
pulmonary embolism, pneumonia, sepsis, stroke and unplanned return to the operating room (12); ‡ fire, sport related, other.

Mechanism of injury characteristics 
Throughout the study period, falls from standing were the most 
common cause of major trauma (n=460/1625, 28%) and 12% 
more patients were injured via this mechanism than motor 
vehicle crashes (n=259/1625, 16%) (Figure 2). 

There was a significant difference in patient age between the 
mechanism of injury groups with those who fell from standing 
being the oldest at 80 years (IQR 66-87) and those injured in 

a violent mechanism the youngest at 32 years (IQR 25-44, 
p<0.001) (Figure 3).

Age and gender characteristics
There were more males with major trauma in all age cohorts 
except in the ≥85 years cohort. After the age of 45 years, there 
was an increasing number of females in each age cohort with 
females making up 54% of the ≥85 years of age cohort (Figure 
4).
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Figure 3. Median age of major trauma patients in the WASTR transported by 
SJ-WA during the study period

Figure 2. Number and gender of major trauma patients in the WASTR 
transported by SJ-WA per mechanism of injury during the study period

Figure 4. Number of major trauma patients in the WASTR transported by SJ-
WA during the study period by age category and gender 
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Transport destination 
Seven hundred and sixty-six patients were transported to the 
trauma centre directly (47%), 459 (28%) were transported 
indirectly and 400 (25%) were not transported to the trauma 
centre directly or indirectly (Figure 5). The median age was 
oldest in those who were not transported to the trauma 
centre either directly or indirectly (72 years IQR 46-84 vs. 45 
years IQR 27-64, direct and 49 IQR 29-72 indirect, p=0.001). 
Similarly, those who did not receive trauma centre transport 
had the highest proportion of falls from standing (n=212/400, 
53%, p<0.001), whereas the direct transport group had the 
highest proportion of motor vehicle crashes (n=152/766, 20%, 
p<0.001) (Figure 5). 

Mortality characteristics 
The median age of early deaths in hospital was 49 years (IQR 
31-76) and the majority were male (n=127/175, 73%). The 
most common cause of early deaths was a fall from standing 
(n=45/175, 26%) and these patients were the oldest with a 
median age of 78 years (IQR 66-86 years). There was also a 
large number of early deaths resulting from motorbike crashes 
(n=32/175, 18%) with these patients having a median age of 34 
years (IQR 21-46, p<0.001) (Table 2). 

For late deaths, the median age was 77 years (IQR 51-86) and 
the majority were male (n=101/158, 64%). Falls from standing 
were responsible for almost half of the late deaths (n=69/158, 
44%) and these patients were the oldest at 85 years (IQR 78-
90, p<0.001) (Table 3).

Table 2. Number of early major trauma patient deaths in the 
WASTR transported by SJ-WA during the study period per 
mechanism of injury

Mechanism of 
injury

Number of 
deaths Median age

  (%) (IQR) p-value
MVC 18 (10) 33 (23-68)
MBC 32 (18) 34 (21-46)
Pedestrian 22 (13) 63 (42-82) <0.001 
Fall from height 20 (11) 41 (26-72)
Fall from standing 45 (26) 78 (66-86)
Violence 18 (10) 39 (32-48)
Other ‡ 20 (11) 47 (39-59)

Notes: Kruskal-Wallis test for difference in median age; ‡ = fire, 
sport related, pedal cyclist, other; percentages are rounded to 
the nearest whole number

Discussion
This study described the characteristics of major trauma 
patients transported to hospital by emergency ambulance in 
the metropolitan area of Perth, Western Australia. We found 
that falls from standing were the most common cause of major 
trauma in patients transported to hospital and were the most 
common cause of both early and late trauma deaths. We have 
also shown that major trauma is not only a disease of the 
young, with more than half of the cohort being more than 51 

Figure 5. Number of major trauma patients in the WASTR transported by SJ-
WA during the study period by transport destination and mechanism of injury
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years of age. However, we have reported an alarming number 
of early deaths in young patients as a result of motorbike 
crashes. 

Table 3. Number of late trauma patient deaths in the WASTR 
transported by SJ-WA between during the study period per 
mechanism of injury

Mechanism of 
injury

Number of 
deaths Median age

 (%) (IQR) p-value
MVC and MBC †† 24 (15) 50 (29-79)
Pedestrian 13 (8) 62 (46-82) <0.001 
Fall from height 27 (17) 77 (60-84)
Fall from standing 69 (44) 85 (78-90)
Violence 10 (6) 31 (20-48)
Other ‡ 15 (9) 51 (27-68)

Notes: Kruskal-Wallis test for difference in median age; †† less 
than five patients in one category; ‡ = fire, sport related, other; 
percentages are rounded to the nearest whole number

Older adults 
An older median age of major trauma patient and the 
prominence of low falls as a cause of major trauma are not 
novel findings. A shift in the demographics of major trauma 
away from young males resulting from motor vehicle crashes 
and violence has also been shown in the United Kingdom with 
major trauma patients more than 75 years of age increasing 
from 8.1% in 1990 to 26.9% in 2013 (2). Similarly, in Sydney 
(Australia) the proportion of older major trauma patients was 
found to have increased from 1991-2010 (13).

The increase in older adults with major trauma creates complex 
issues. Age is an independent predictor of survival after major 
trauma (3) and compared to younger patients, older adults 
with major trauma are known to have higher mortality rates 
(14). Older adults are also predisposed to poor outcomes from 
co-morbidities, medication usage (eg. anticoagulation) and are 
susceptible to complications (3). Compounding these issues 
is the ability of older adults to appear deceivingly uninjured 
with overt physiological derangement often absent (15). It is 
also known that these patients have a reduced likelihood of 
trauma centre transport (16-19) and an increased likelihood of 
undertriage within hospital (20,21). Although the reduced odds 
of trauma centre transport are multi-faceted, treatment of older 
adults at non-major trauma centres is known to be associated 
with an increased likelihood of in-hospital mortality (16). 

With a greater proportion of older adults with major trauma, 
trauma systems need to adapt to this shift in demographics 
(22). It is paramount that pre-hospital care evolves to ensure 
the needs of older persons following trauma are met (22). With 
the knowledge that the physiological response to trauma in 
older persons is different from younger adults, it is imperative 
that pre-hospital trauma triage tools reflect these differences 

(23) and an older adult specific trauma triage guideline may be 
necessary (24). However, the greatest survival gains in older 
adults are more likely to be achieved by injury prevention (25).

Falls 
Falls are the second leading cause of accidental injury deaths 
worldwide after motor vehicle crashes (26). Similar to other 
studies, we found falls to be the most common cause of major 
trauma (23,27,28) and were responsible for the majority of 
both early and late major trauma deaths. This is contrary to 
community awareness on mortality from major trauma which 
is focused on young males involved in motor vehicle crashes 
(3). It is possible that EMS providers do not recognise that 
a fall from standing has the ability to cause major trauma. 
Therefore, the development of more specific major trauma 
triage guidelines may assist with the recognition of those with 
the potential to have major trauma and those who would benefit 
from trauma centre transport. 

Motorbike crashes 
After falls from standing, motorbike crashes were responsible 
for the highest number of early deaths and this cohort of 
patients had a median age of 34 years, which represents a 
large number of potential years of life lost. As opposed to those 
injured in low falls, patients fatally injured in motorbike crashes 
are unlikely to be under-recognised or undertriaged. Therefore, 
the biggest opportunity for improvement in outcomes in this 
cohort is likely to be from prevention. 

Limitations
Patients who are recognised as life extinct pre-hospital are not 
captured by the WASTR and therefore were not captured by 
this study. It is important to note that not including pre-hospital 
deaths in our current study underestimates untimely deaths, 
however, this is a common limitation of studies using data from 
trauma registries (29,30). 

Patients who exclusively attended a hospital that did not 
provide data to the WASTR were not captured by the study. It 
is possible that the demographics and characteristics of these 
patients are different from those captured in this study, meaning 
that our study is subject to survivor bias. However, as the Level 
1 trauma centre treats approximately 80% of the state’s major 
trauma (9), we believe that the majority of patients with major 
trauma would have been transported to a hospital that provided 
data to the registry. 

It is important to consider that this study includes patients 
with major trauma defined as an ISS greater than 15. This 
retrospective diagnosis is made using information that is not 
available pre-hospital, for example, results from imaging. It is, 
therefore, important to develop ways in which major trauma can 
be identified pre-hospital, especially in older patients, to ensure 
that these patients receive appropriate care.
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Conclusion
Major trauma does not only occur in the young. More than half 
of the major trauma patients transported by ambulance in our 
cohort were more than 51 years of age. In this study, falls from 
standing were the most common cause of major trauma. To 
improve patient outcomes, pre-hospital care must evolve to 
address the needs of a changing trauma patient demographic. 
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