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What is known

e As part of an optimal trauma system, prehospital triage should ensure transport of the right
patient to the right hospital.

e Severely injured trauma patients should be treated at high-level Trauma Centres.

e |Inaccurate prehospital triage results in patients who require Trauma Centre care not receiving
this care or having access to this care delayed.

What this paper adds

e This study provides an overview of the characteristics and outcomes of major trauma patients
by type of hospital destination.

e Those patients who were transported directly to the Trauma Centre were the youngest with
the highest ISS.

e Those patients not receiving Trauma Centre care were older, had a higher proportion of major
head injuries with falls as their mechanism of injury.
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A Comparison of Major Trauma Patient Transport Destination in Metropolitan Perth, Western

Australia.

Background: Despite evidence of a lower risk of death, major trauma patients are not always
transported to Trauma Centres. This study compares and examines the characteristics and outcomes of

major trauma patients between transport destinations.

Methods: We undertook a retrospective cohort study of major trauma patients (Injury Severity Score
>15) transported by ambulance. Cases were divided into three transport destination groups: (1) Direct,
those who were transported to the Trauma Centre directly from the scene; (2) Indirect, those who
were transported to another hospital prior to Trauma Centre transfer and (3) Non-transfers, those who
were transported to a non-Trauma Centre and never subsequently transferred. Median and
interquartile range (IQR) were used to describe the groups and group differences were assessed using

the Kruskal-Wallis test for continuous variables and Pearson chi-square for categorical variables.

Results: A total of 1,625 patients were included. The median age was oldest in the non-transfers
cohort (72 years IQR 46-84). This group also had the highest proportion of falls from standing and
major head injuries (n=298/400, 75%, p<0.001). The non-transfers had the highest proportion of 30-

day mortality (n=134/400, 34%).

Conclusions: There were significant differences between the transport groups with older adults, falls
and head injuries over-represented in the non-transfer group. Considering the ageing population,

trauma systems will need to adapt.

Keywords: Emergency Medical Service, Trauma Centre, Prehospital Care, Major Trauma.
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Background

Major trauma patients are reported to have a significantly lower risk of death if their care is provided
in a Trauma Centre »2. In an optimal trauma system, prehospital triage ensures the transport of the
right patient to the right hospital 3. This system of care involves trauma patients being transported to a
small number of specialised Trauma Centres, staffed and equipped to provide multidisciplinary care
to severely injured patients, as opposed to the closest hospital facility.>** However, whether all major
trauma patients should attend a Trauma Centre directly, bypassing closer lower level hospitals is a
contentious issue and there is currently uncertainty as to whether direct transport reduces the risk of
death ®®. Therefore, the decision as to where to transport major trauma patients is inherently complex
and must consider the patients’ physiological and anatomical injury severity, distance to the Trauma

Centre and traffic conditions °.

The Western Australian (WA) Department of Health recommends that major trauma patients (defined
as any injury that has the potential to cause prolonged disability or death) are transported directly to
the Level 1 Trauma Centre *. The St John-WA (SJ-WA) Clinical Practice Guidelines highlight
certain situations in which major trauma should be considered and direct transport to the Level 1
Trauma Centre initiated ™. These include both mechanism of injury and anatomical criteria but
exclude any physiological criteria. Mechanisms of injury include but are not limited to: motorbike
crashes >30km/h with injuries, motor vehicle crashes >60km/h with injuries and falls from >3 metres.
The anatomical criteria include amongst others: flail chest, pelvic fractures, open or depressed skull
fractures and suspected spinal injuries ™. If the patient has an imminent life-threat, paramedics are
permitted to divert to the nearest Emergency Department for stabilisation 2, The patient should
then be prepared for rapid and early inter-hospital transfer to the Trauma Centre *°, As the
metropolitan area of Perth, WA spans more than 6000km? with the sole Level 1 Trauma Centre
located in the centre of the city ** major trauma patients are not always transported to the Trauma
Centre directly, with initial resuscitation and stabilisation often provided at a closer hospital facility

prior to secondary transfer **2,
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The aim of this study was to examine and compare the characteristics and outcomes of major trauma
patients between transport destinations in the metropolitan area of Perth, WA. Transport destination
was defined as being either direct or indirect transport to the Trauma Centre or non-transport to the
Trauma Centre (i.e. those patients who died or were discharged from the initial hospital and not
transferred to the Trauma Centre). We hypothesised that those not transported to the Trauma Centre
would have different characteristics and outcomes from those transported directly and indirectly to the

Trauma Centre.
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Methods
Study Design

We conducted a retrospective cohort study of patients aged >16 years with major trauma, defined as
an Injury Severity Score (ISS) >15 from a blunt or penetrating mechanism of injury, who were
transported by SJ-WA in metropolitan Perth between 1% January 2013 and 31* of December 2016.
Consistent with previous studies '* ** and the definition of physical trauma being ‘a body wound

> 16 cases involving drowning,

produced by sudden physical injury from impact, violence or accident
hanging or poisoning were excluded. Also excluded from the study were patients who were not
transported (i.e. from the scene of the incident) by SJ-WA, patients not transported by road ambulance

(i.e. helicopter or fixed-winged aircraft) and those with late effects of injury (more than 24-hours post-

injury), or if their initial ambulance transport record could not be obtained.

Study Setting

SJ-WA is the sole provider of emergency ambulance services in WA, serving a population of over 2.5
million, with 78% of the state’s population residing in the metropolitan area of Perth ', All
metropolitan emergency ambulances are double-staffed with at least one qualified paramedic and all
crews can provide advanced-life support, but not rapid sequence intubation **. Adult trauma patients
who were transported during the study period would have attended one of nine hospitals: three tertiary
and six secondary hospitals. One of the tertiary hospitals was the Level 1 Trauma Centre *2. The other
two tertiary hospitals provided services for limited inpatient management for a small number of major
trauma patients upon agreement with the Level 1 Trauma Centre. The five secondary facilities and

one private hospital provided definitive care for non-major trauma 2.

Data Sources

Four hospitals contribute data to the State Trauma Registry. These include the three tertiary hospitals
(including the Level 1 Trauma Centre) and one of the secondary hospitals. Included in the registry are

data for patients transferred to one of these facilities after initial treatment at a metropolitan hospital
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that did not provide data to the registry 8. Patients were identified in the State Trauma Registry if
their ISS was >15, their mode of arrival was recorded as ‘ambulance’ and the location of where their

injury occurred was depicted as ‘metropolitan’.

Demographic details, injury mechanism, injury characteristics and discharge disposition (death, home,
rehabilitation) were then extracted and linked with the ambulance transport record 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, U.S.). Key identifiers (date of birth,
first and last names and residential address) were used to create a likelihood score indicating a correct
link between the databases. If the score was close to a predetermined cut-off value they were
manually checked. Linkage failure occurred if the key identifiers were missing in the SJ-WA

database.

Patient transport destination, prehospital observations and prehospital times were extracted from the
SJ-WA database. This database contains information from the electronic patient care record (ePCR),
completed for each case by paramedics, together with data from the computer-aided dispatch system.
Cases were divided into three groups, based on transport destination: (1) Direct, those who were
transported to the Trauma Centre directly from the scene of the incident. (2) Indirect, those patients
who were transported to another metropolitan hospital prior to Trauma Centre transfer and (3) Non-
transfers, those major trauma patients who were transported to one of the other three hospitals but

never attended the Trauma Centre prior to death or discharge.

The cut-off values for the triage Revised Trauma Score informed categorisation of the physiological
parameters as follows: a systolic blood pressure measurement (SBP) <90mmHg, a Glasgow Coma
Scale Score (GCS) of <8 and respiratory rate of <9 or >29 on any prehospital recording *°. A severity
level of each injury was measured according to the Abbreviated Injury Scale (AlS) 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). We defined major
injury as an injury with AIS>3 and serious complications were defined as being acute kidney injury,
acute myocardial infarction, acute respiratory distress syndrome, cardiac arrest, cardiac failure, deep

9
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vein thrombosis, pulmonary embolism, pneumonia, sepsis, stroke and unplanned return to the

operating room .
Statistical Analysis

It was anticipated that the data would be non-normally distributed, therefore, to describe the cohort we
used median and interquartile range (IQR) for continuous variables and counts and percentages for
categorical variables. Group differences were assessed using the Kruskal-Wallis test for continuous
variables and Pearson chi-square or Fisher’s exact for categorical variables. A p-value <0.05 was
regarded as statistically significant. Data analysis was performed with IBM Statistical Package for

Social Sciences (SPSS) Version 24.0 (IBM, Armonk, NY, USA).
Ethics Approval

Ethical approval was obtained from the Curtin University Human Research Ethics Committee (HR
128/2013). Ethics approval for access to the State Trauma Registry data was obtained from the Royal
Perth Hospital Human Research Ethics Committee (PRN 464). Approval to access SJ-WA data was

obtained from the SJ-WA Research Governance Committee.
Results

From the State Trauma Registry, we identified 1,904 major trauma cases occurring in the
metropolitan area of Perth between 1% January 2013 and 31 of December 2016 of which 1,664 met
the study inclusion criteria. Of these, the initial ambulance transport record for 34 cases could not be
obtained. Three cases could not be linked, possibly due to inaccurate identifiers or incorrect recording

of the mode of transport in the registry and two cases were duplicated in the registry (Figure 1).

10
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Of the 1,625 patients included in the study, 766 (47%) were transported to the Trauma Centre directly,
459 (28%) were transported indirectly to the Trauma Centre and 400 (25%) were non-transfers (Table
1). The median age was oldest in the non-transfers cohort (72 years IQR 46-84 versus 45 years IQR
27-64, direct and 49 IQR 29-72 indirect, p=0.001). The non-transfers group 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) (Table 1). The indirect
transport group had the lowest incidence of prehospital systolic blood pressure <90mmHg (n=45/459,
p<0.001) respiratory rate of <9 or >29 (n=41/459, 9%, p<0.001) and a GCS <8 (n=61/459, 13%,
p<0.001). Similarly, the indirect transport group had the lowest proportion of patients requiring
prehospital cardiopulmonary resuscitation (CPR) (n=6, 1.3%) whereas the non-transfers had the

highest (n=43,10.8%, p<0.001) (Table 1).

11
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The median ISS was highest in the direct cohort (24 IQR 18-30 versus 22 IQR 17-26 indirect and
non-transfers p<0.001). Patterns of injuries were different between the study groups with the non-
transfers having the highest proportion of major head injuries (n=298/400, 75%, p<0.001) and the
least chest and abdominal injuries (Table 2).There was a total of 333 deaths in 30-days with 154
(46%) occurring in the direct group, 48 (15%) in the indirect and 131 (39%) in the non-transfer group
(p<0.001). Those in the non-transfer group had the highest proportion of 30-day mortality
(n=131/400, 33%). In the direct transport group the 30-day survivors had the longest LOS (10 days,
IQR 5-21, p<0.001) and there was the highest proportion of serious complications (n=248, 32%,

p<0.001) (Table 2).

12
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Discussion

Our study found significant differences between major trauma patients who were transported directly
or indirectly to the Trauma Centre by ambulance and those who never received Trauma Centre care,
during the study period. The non-transfers group were older, with a higher proportion of head injuries
and falls from standing as their mechanism of injury. The non-transfer group also had the highest
proportion of prehospital CPR and death within 30-days. Those in the indirect group had the lowest
incidence of prehospital CPR, death in the Emergency Department and death within 30-days and the

direct group had the highest ISS and the lowest median age.

The triage of major trauma patients is a critical process in a trauma system and often relies on
decision tools consisting of physiological, anatomical, mechanism of injury and special considerations
criteria °. Transport destination decisions for major trauma patients are multifaceted, however, they
are likely to be based on the need for immediate resuscitation, traffic conditions ° and geographic
distance between the incident and the Trauma Centre 2?2, The paramedics’ decision not to take
patients directly to the Trauma Centre is difficult to determine retrospectively and could be that the
responsibility of single-handedly managing a critical patient prompted the paramedics to seek the

closest Emergency Department or that the severity of the trauma was not initially identified.

Those in the indirect group had the smallest number of deaths compared to those in the direct and
non-transfer groups. These patients also had the least evidence of prehospital physiological
derangement suggesting that they were a more stable cohort . It has recently been demonstrated that a
‘trial of life’ effect is present in severely injured blunt trauma patients who arrive at a Trauma Centre
with vital signs, despite prolonged prehospital times and these patients have been found to have a
substantially lower risk of subsequent mortality %. It is therefore plausible that there were fewer
deaths in the indirect group as these patients had already undergone a trial of life and had less risk of
mortality than those who were transported directly to the Trauma Centre and those who were never

transported to the Trauma Centre.

13
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On inspection of the non-transfers group, it was found that these patients were older, with a higher
percentage of head injuries and falls from standing as their mechanism of injury. These differences
may have influenced the clinical decisions of the paramedics as to where to transport patients. For
example, head injuries are more likely to require immediate airway interventions, thus making
transport to the nearest hospital more likely 2. Conversely, it has been shown that older adults with
severe injuries are less likely to be transported to a Trauma Centre than younger adults > %. Reasons
for this include the ability of older adults to appear deceptively uninjured due to their lack of apparent

t 22 and presence of occult hypoperfusion, which is difficult to identify .

physiological derangemen
Furthermore, there is often the presence of comorbidities, polypharmacy, anticoagulation/antiplatelet
therapies and physiologic changes that can alter the response to injury 2. Concerningly, the

undertriaging of older adults increases the odds of mortality % %,

Major trauma is often associated with injuries that result in gross anatomical disruption or external
haemorrhage which are easily recognised *°. This may account for the higher proportion of patients
injured in high energy transfer mechanisms of injury, such as motor vehicle crashes and the higher
median ISS in the direct group. It is important to highlight that an ISS >15 is a retrospective diagnosis
which is made using information such as imaging, that is not available prehospital 3. The current SJ-
WA Major Trauma Guideline does not include a fall <3 metres as a consideration for Level 1 Trauma
Centre transport. Therefore, for a patient of any age with a fall from standing to be recognised as
potentially having major trauma they would have to meet one of the anatomical criteria in the SJ-WA
Major Trauma Guideline. Closed head injuries, which are highly prevalent in older adults because of
increased use of anticoagulation and antiplatelet therapy *, are not listed as an anatomical criterion. It
is, therefore, unlikely that a patient with a fall from standing and a concomitant closed head injury
would be considered for Trauma Centre transport and this, therefore, may account for the high

proportion of falls in the non-transfer group.

The reasons for these patients in the non-transfer group not subsequently being transferred to the
Trauma Centre are not understood. It is possible that the decision not to transfer may have been

influenced by the patient’s instability or the perception that the transfer would be futile due to pre-

14
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existing comorbidities or functional status. Furthermore, death may have occurred prior to transfer

or a decision made on end of life care.

Major trauma has traditionally been viewed as a disease of the young *. However, in Australia, an
increase in the proportion of major trauma patients aged >65 has been observed ** and we have
previously demonstrated that in the metropolitan area of Perth the median age of those with major
trauma is 51 years of age and the most common mechanism of injury is a fall from standing .
Although mortality in older adults is known to be higher than their younger counterparts **, it has been
suggested that with appropriately configured services, good outcomes can be achieved *. Given this
shift in major trauma to a greater proportion of older adults, trauma systems need to adapt to these
changes *. Developing ways in which to identify major trauma in older patients prehospital is
essential to enable these patients to receive appropriate care. It has previously been shown that the
adoption of specific prehospital trauma triage criteria can significantly improve the detection of older
patients requiring specialised care *’. However, this will need to occur without reducing triage
specificity. Further to this, training should be provided to paramedics regarding the altered response
to trauma in older adults, which may assist in ensuring appropriate care for these patients %. In light of
our findings, we suggest that there may be benefit in the addition of older adults as a special

population in the Major Trauma Guideline.
Limitations

Our study has the following potential limitations. Data regarding the decision making of the
paramedics were not available. Therefore, it is not known whether the patient’s initial transport
destination was the Trauma Centre but diversion to a closer hospital for stabilisation from imminent

life threats was required.

As with all studies using retrospective trauma registry data, the studies are subject to potential
survivor bias. Patients who exclusively attended a hospital that did not provide data to the State
Trauma Registry were not featured in the registry and these patients may have had different outcomes

and characteristics from those included in the study.

15
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Conclusion

We found significant differences between major trauma patients transported directly or indirectly to
the Trauma Centre and those who were never transported to the Trauma Centre prior to death or
discharge; with older adults, falls and head injuries over-represented in the non-transfer group.

Considering the ageing population, trauma systems will need to adapt to these changes.

16
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Table 1. Demographic, mechanism of injury and physiologic data comparing major trauma patients

transported by SJ-WA directly or indirectly to the Trauma Centre and non-transfers.

Direct Indirect Non-Transfers p-value
Median (IQR) Median (IQR) Median (IQR)
or count (%
%) or count (%) or count (%)
Total 766 (47) 459 (28) 400 (25)
Patient Demographics
Age 45 (27-64) 49 (29-72) 72 (46-84) 0.001*
Male Sex 589 (76.9) 329 (71.7) 240 (60) <0.001*
Mechanism
MVC 152 (20) 81 (18) 26 (7)
MBC 116 (15) 67 (15) 34 (9)
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Pedestrian 73 (10) 21 (5) 12 (3) <0.001*
Pedal Cyclist 38 (5) 19 (4) 12 (3)

Fall from Height 113 (15) 61 (13) 48 (12)

Falls from Standing 112 (15) 136 (30) 212 (53)

Violence (gunshot, stabbing, 86 (11) 44 (10) 29 (7)

assault)

Other (fire, sport related, other) 76 (10) 30 (7) 27 (7)

Prehospital Characteristics

Prehospital CPR 53 (6.9) 6 (1.3) 43 (10.8) <0.001*

Prehospital Observations

SBP <90mmHg 189 (25) 45 (10) 78 (20) <0.001*
Respiratory Rate <9 or >29 156 (20) 41 (9) 59 (15) <0.001*
GCS <8 209 (27) 61 (13) 80 (20) <0.001*

Prehospital Time ?

Total Pre-Hospital Time (IQR) 55 (44-69) 51 (40-65) 53 (42-63) 0.001*

Data analysed with Kruskal-Wallis test for continuous variables and Pearson chi-squared or Fisher’s
exact for categorical variables. Presented as median (IQR-interquartile range) or count (percentage)
Time variables are presented in minutes.* Significant ® Time from the emergency call being received
to the patient’s arrival at hospital. Abbreviations: CPR=Cardiopulmonary Resuscitation,
GCS=Glasgow Coma Scale score, MBC=Motorbike crash, MVC= Motor vehicle crash, SBP =
systolic blood pressure.
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Table 2. Injury characteristics and outcomes data comparing major trauma patients transported by SJ-

WA directly or indirectly to the Trauma Centre and non-transfers.

Direct Indirect Non-Transfers p-value
Median (IQR) Median (IQR) Median (IQR)
or count (%) or count (%) or count (%)
Total 766 (47) 459 (28) 400 (25)
Trauma Characteristics
Injury Severity Score 24 (18-30) 22 (17-26) 22 (17-26) <0.001*
Blunt Trauma 725 (94.6) 449 (97.8) 390 (97.5) 0.006*
Major Injury
Head/Neck 453 (59) 330 (72) 298 (75) <0.001*
Face ® 11 (1) 5(1) 2 (1) 0.359
Chest 329 (43) 166 (36) 110 (28) <0.001*
Abdomen 128 (17) 69 (15) 46 (12) 0.060
Extremities 179 (23) 59 (13) 43 (11) <0.001*
External # 31 (4) 2(0.4) 10 (3) 0.001*
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Mortality Outcomes

Death in 30-days 154 (20) 48 (10) 131 (33) <0.001*
Died in Emergency 54 (7.0) 4(0.9) 47 (11.8) <0.001*
Department

Outcomes

Survivor Length of Stay 10 (5-21) 8 (5-14) 8 (3-15) <0.001*
Any Serious Complication 248 (32) 109 (24) 50 (13) <0.001*

Data analysed with Kruskal-Wallis test for continuous variables and Pearson chi-squared or Fisher’s
exact for categorical variables. presented as median (IQR-interquartile range) or count (percentage)
Time variables are presented in minutes.* Significant ® Fishers Exact Test. Major Injury AIS> 3.
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Figure 1. Flowchart of included and excluded patients. %
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