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ABSTRACT
Objectives The primary aim of this study was to
examine the impact of the introduction of an integrated
adult critical care patient retrieval system in Victoria,
Australia, on early clinical outcomes for major trauma
patients who undergo interhospital transfer. The
secondary aims were to examine the impact on quality
and process measures for interhospital transfers in this
population, and on longer-term patient-reported
outcomes.
Methods This is a cohort study using data contained
in the Victorian State Trauma Registry (VSTR) for major
trauma patients >18 years of age between 2009 and
2013 who had undergone interhospital transfer. For
eligible patients, data items were extracted from the
VSTR for analysis: demographics, injury details, hospital
details, transfer details, Adult Retrieval Victoria (ARV)
coordination indicator and transfer indicator, key clinical
observations and outcomes.
Results There were 3009 major trauma interhospital
transfers in the state with a transfer time less than 24 h.
ARV was contacted for 1174 (39.0%) transfers. ARV-
coordinated metropolitan transfers demonstrated lower
adjusted odds of inhospital mortality compared with
metropolitan transfers occurring without ARV
coordination (OR 0.39, 0.15 to 0.97). Adjusting for
destination hospital type demonstrates that this impact
was principally due to ARV facilitation of a Major
Trauma Service as the destination for transferred patients
(OR 0.41, 0.16 to 1.02). The median time spent at the
referral hospital was lower for ARV-coordinated transfers
(5.4 h (3.8 to 7.5) vs 6.1 (4.2 to 9.2), p<0.0001).
Conclusions In a mature trauma system, an effective
retrieval service can further reduce mortality and improve
long-term outcomes.

INTRODUCTION
Integrated trauma systems have been shown to
improve patient outcomes.1–3 These systems are
comprised of various elements, including develop-
ment and designation of hospital trauma services,
systems for triaging patients to the appropriate
trauma service as well as retrieval of patients from
lower to higher level centres of care. The interhos-
pital retrieval of trauma patients to definitive
trauma care is an important aspect of a trauma
system, and is in itself a complex operation. There
is little published data to define the impact of
patient retrieval systems or to support a particular
model as best practice within an integrated and
functioning trauma system.
The definition and models of care in retrieval

medicine vary significantly by jurisdiction.

However, for the purposes of this paper, it is
defined as the coordinated interhospital transfer
and clinical care of critical patients using specialised
clinical staff, transport platforms and equipment.4

Typically, retrieval services receive case information
from a referrer who is seeking assistance with clin-
ical management and/or transfer of a patient to a
hospital with greater capability. The case coordin-
ator is generally a medical practitioner of senior
status and from a critical care or other relevant spe-
cialty. Coordination aims to move the patient to the
destination most appropriate for the clinical need
and in a safe and time-efficient way.
The Victorian State Trauma System (VSTS) was

established in Victoria, Australia, following a minis-
terial review of emergency and trauma services,5

resulting in a 37% reduction in risk-adjusted mor-
tality for hospitalised patients with severe trauma.2

The proportion of all major trauma patients dir-
ectly transported from the scene of injury to a
major trauma service (MTS) increased from 59% in

Key messages

What is already known on this subject?
Multiple studies have determined that trauma
systems improve patient outcomes. Further
observational studies identify that the interhospital
transfer of trauma patients within trauma systems
is complex and high risk. Yet to date, there has
not been any data published that evaluates the
implementation of any model of interhospital
patient retrieval within an integrated trauma
system to help health services plan and develop
their trauma systems.

What might this study add?
This retrospective study demonstrated that severely
injured patients who have their interhospital
transfer coordinated by a centralised and
specialised patient retrieval service have reduced
risk-adjusted odds of inhospital mortality and
improved long-term functional outcomes when
compared with patients who are transferred
between hospitals without retrieval service
contact. The principal impact of retrieval
coordination lies in the determination of a major
trauma service as the destination. The uses of
highly skilled staff overseeing the retrieval process
improved logistical coordination, central
coordination of destination choice and appear to
contribute to the benefit.
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2001–2002 to 67% in 2005–2006, and the proportion of road
trauma major trauma patients transferred from the scene of
injury directly to an MTS hospital increased from 55% in
2001–2002 to 77% in 2010–2011.6

Secondarily transferred trauma patients are perceived as
higher risk in terms of morbidity and mortality, although accur-
ate data is scant.7 8 The Victorian major trauma transfer study9

examined the interhospital transfer of 451 major trauma
patients during 2003–2004. It was a descriptive study under-
taken prior to the introduction of Adult Retrieval Victoria
(ARV), and showed a mortality rate of 6.1% for patients second-
arily transferred, with highest mortality rates associated with
transfer by referring hospital junior medical staff (resident and
registrar grade). The study predated the introduction of the
current retrieval system, and neither it nor other published
papers have reviewed risk-adjusted short-term and long-term
outcomes for major trauma retrieval patients.

This study examines the impact of the introduction of an inte-
grated retrieval system in Victoria on early clinical outcomes for
major trauma patients who undergo interhospital transfer.

METHODS
Setting
Prior to 2007, the Victorian Adult Emergency and Retrieval
Coordination Service delivered retrieval services in Victoria
under the auspices of St Vincent’s Hospital. Following a review
published in 2006 by the Victorian Department of Human
Services,10 Victoria moved to optimise its adult retrieval ser-
vices. The principles identified by that report were to adopt a
retrieval model with standard operating procedures, a ‘one-stop
shop’ for referrers using a single phone call, improved central
governance, operational integration, a comprehensive system
with state-wide accessibility and promotion of health-service
participation and early warning and activation of the system.
While the overall distribution of major trauma cases originating
in regional versus metropolitan settings was similar, ARV was
commissioned with a primary goal of narrowing the service gap
and ‘tyranny of distance’ for rural and regional patients. Rural
patients face greater transfer times to definitive care, and often
are initially cared for in smaller hospitals with lower levels of
resource and staffing compared with metropolitan patients; both
factors potentially leading to different clinical outcomes.
Consequently, the early focus of the service was on coordination
of retrieval for non-metropolitan patients, both major trauma
and general critical care. The result was the establishment of
ARV in 2007 as an operational department within Ambulance
Victoria (AV), providing a comprehensive, integrated adult crit-
ical care retrieval service that is staffed by medical practitioners.

Interhospital transfers, not coordinated by ARV, are managed
using disparate methods; transport platforms varying from non-
emergency (contracted private provider) ambulance to emer-
gency state ambulance, and crews ranging from nurse and/or
basic ALS paramedic to intensive care paramedic, including
junior medical staff with limited or no training or experience in
retrieval medicine.

The Victorian State Trauma Registry (VSTR) is a population-
based trauma registry, capturing data about all major trauma
patients in Victoria. The registry has been operating since July
2001, and collects data from the prehospital and acute hospital
settings, as well as following up patients to 2 years’ postinjury to
collect long-term functional and health-related quality-of-life
outcomes.11 12 The VSTR operates using an opt-off consent

process to ensure complete capture of all cases in the state. The
VSTR and ARV coordinate data each quarter to ensure that all
cases involving ARV are identified in the registry, and accurate
and complete data are provided.

Participants
All adult (>15 years of age) major trauma patients with at least
one interhospital transfer recorded, a date of injury from 1
January 2008 to 31 December 2013 and a total transfer time
<24 h were extracted for analysis. Transfer time was the time
from arrival at the primary hospital to arrival at the destination
hospital. Major trauma patients injured overseas were excluded.
Paediatric major trauma patients were also excluded as the
retrieval of paediatric cases is coordinated by other services in
the state.

Procedures
For eligible patients, the demographic, preinjury characteristics,
injury event details, injury type, Injury Severity Score (ISS), hos-
pital details, transfer details, clinical observations, inhospital
outcomes and 6-month postinjury outcomes were extracted
from the VSTR for analysis.

Data analysis
Summary statistics were used to compare cases coordinated by
ARV and cases without ARV coordination. Frequencies and per-
centages were used for categorical variables, and the mean and
SD or median and IQR for continuous variables. χ2, Mann–
Whitney U tests and independent t tests were used to test for an
association between covariates and whether the case was coordi-
nated by ARV. Data from 2008 were excluded from the analysis
because this year was an establishment year where new service
processes were not yet established. Due to the multiple compari-
sons, a Bonferroni correction was used, and a p value <0.002
was considered significant.

Multivariable binary logistic and ordinal logistic models were
performed to quantify the association between mode of transfer
coordination, and each outcome, adjusted for variables demon-
strating a potentially important (p<0.10) difference in case-mix
between the groups on preliminary analyses (ie, potential con-
founders). ARV coordination (yes/no) was considered the expos-
ure of interest. The outcomes of interest were inhospital
mortality, admission to intensive care unit (ICU) and 6-month
outcome functional scores (Glasgow outcome scale (extended)
(GOS-E)) and return to work. The GOS-E rates the patient’s
level of function on a scale from 1 (death) to 8 (upper good
recovery), and was analysed as an ordinal variable. The death
and vegetative state categories of the GOS-E were merged into a
single category for analysis due to the low number of cases clas-
sified as vegetative state. For all return to work analyses, only
patients confirmed as working prior to injury were included.

Adjusted ORs (95% CI) were reported for binary logistic and
ordinal regression analyses to provide an estimate of the
strength of association, and the precision, between ARV coord-
ination and outcome. An interaction term between the region of
the transfer (metropolitan Melbourne or regional Victoria) and
ARV coordination was included to establish whether the associ-
ation between coordination source and outcome differed
depending on whether the transfer was from a health service
based in metropolitan Melbourne or regional Victoria. Model
fit was assessed using the Hosmer–Lemeshow statistic, as well as
standardised residuals and leverage to check for influential
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observations. Where continuous predictor variables (ie, age, ISS
and shock index) were shown not to have a linear relationship
with the outcome of interest, log transformation or categorisa-
tion was used to include these in the models. The Brant test was
used to test the assumption of proportional odds for the
ordered logistic regression model. All analyses were performed
using Stata SE V.13.0.

Ethics approval was provided for all VSTR research by all
trauma-receiving hospitals in the state of Victoria and by the
Monash University Human Research and Ethics Committee.

RESULTS
ARV was contacted in 36% (n=1261) of major trauma interhos-
pital transfers <24 h, and transported 30% (n=1045) of cases
to the definitive care hospital. The proportion of cases where
ARV was contacted and provided case coordination increased
from 17% (n=87) in 2008 to 48% (n=308) in 2013 (p<0.001,
figure 1). The proportion of major trauma cases directly crewed
by ARV retrieval teams increased from 17% (n=87) in 2008 to
33% (n=208) in 2013 (p<0.001).

From 2009 to 2013, there were 3009 major trauma interhos-
pital transfers in the state with a transfer time <24 h. In this
timeframe, ARV was contacted for 1174 (39.0%) transfers.
Cases coordinated by ARV were younger, had a higher preva-
lence of comorbidities and were more commonly transport-
related (table 1).

The majority of ARV-coordinated transfers were from
regional Victoria and transferred from regional trauma services,
compared with non-ARV transfers that were predominantly
from metropolitan areas and metropolitan trauma services
(MeTS) (table 2). Most ARV-coordinated transfers were trans-
ported to a (level 1) MTS, while a higher proportion of
non-ARV transfers were to a (level 2) MeTS. The time spent at
the referral hospital was lower for ARV-coordinated transfers,
but the transport time was higher, reflecting the prevalence of
regional patients transferred by ARV (table 2).

Although the majority of patients had a final destination of
MTS, there were differences in destination type based on the
region of origin. A higher proportion of patients transferred
from a regional hospital were transported to an MTS
(X2

3=59.80, p<0.001) (table 3).

The mean shock Index was higher in patients coordinated by
ARV on arrival at the definitive hospital and at arrival at the
referral hospital. There was a higher prevalence of burn and
head injury multitrauma cases transported by ARV, while cases
not coordinated by ARV involved a higher proportion of spinal
cord injury, orthopaedic and isolated head injury cases (table 4).
The ISS of ARV cases was higher, and a greater proportion of
ARV cases were admitted to ICU. Consistent with the overall
greater injury severity, the hospital length of stay for
ARV-coordinated cases was higher; however, the inhospital
death rate was consistent with the non-ARV-coordinated cases
(table 4).

Of the 3009 major trauma cases transferred from 2009 to
2013, 2660 (88.4%) had a valid GOS-E score at 6 months
(including inhospital deaths). Fifty-three per cent were studying
or working for income prior to injury. Table 5 shows the longer-
term outcomes for ARV-coordinated and non-coordinated trans-
fer cases. A higher proportion of major trauma patients trans-
ferred by ARV were living independently (GOS-E score of lower
moderate disability or higher) at 6 months, but there was no
association between the source of transfer coordination and
functional recovery (GOS-E upper good recovery) or return to
work.

The association between ARV coordination of interhospital
transfer and the risk of inhospital mortality was different for
cases transferred from regional hospitals compared with metro-
politan hospitals (table 6). ARV-coordinated metropolitan trans-
fers demonstrated lower adjusted odds of inhospital mortality
compared with metropolitan transfers occurring without ARV
coordination (table 6). ARV-coordinated metropolitan transfers
also demonstrated better risk-adjusted functional (GOS-E) out-
comes at 6 months postinjury when compared with metropol-
itan transfers occurring without ARV coordination (table 6).
Analysis in the model of whether the patient was managed at an
MTS hospital only partially explained the difference in out-
comes. There was no association between ARV coordination
and return to work.

DISCUSSION
System redesign as occurred in the establishment of ARV was
intended to alter both practices and outcomes. When adjusted
for age, gender, comorbidity, injury type and severity, GCS, and

Figure 1 Proportion of transferred
major trauma cases where Adult
Retrieval Victoria (ARV) was contacted.
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shock index, cases managed by referral into this new system
have demonstrated improved process management (time at
referral hospital) and in metropolitan patients have demon-
strated better clinical outcomes in both short and longer term
(death, GOS-E). After adjusting for destination type, it is clear
that an important component of the impact of retrieval coordin-
ation lies in the determination of an MTS as the destination, an
intervention known to improve clinical outcomes. In addition to
this, there appear to be other retrieval-related factors
(undefined) that also demonstrate benefit.

Similar outcome impacts associated with retrieval systems
have been described in other jurisdictions and in patient popula-
tions with a broader range of clinical presentations than the
major trauma group we have studied.13 The weakness of ad hoc
approaches to critical patient transfer has also previously been

highlighted, as has the preference for coordinated, organised
retrieval systems.14 15

The VSTS has demonstrated growing confidence in the
retrieval service, with approximately 50% of major trauma
transfers now coordinated via ARV, whereas pre-2008, the
retrieval service coordinated <15% of major trauma transfers.
Despite the ARV-coordinated group being more unstable and
more severely injured, overall mortality of retrieval patients was
comparable or less than mortality rates in non-retrieval patients.

Significant differences in system process and structure exist
between retrieval-service-coordinated cases and the remainder,

Table 1 Profile of cases by source of transfer coordination

Descriptor

ARV
coordination
(n=1174)

No ARV
coordination
(n=1835) p Value

Age group (years)
N (%)
16–24 220 (18.7) 261 (14.2) <0.001
25–34 153 (13.0) 207 (11.3)
35–44 180 (15.3) 209 (11.4)
45–54 156 (13.3) 220 (12.0)
55–64 140 (11.9) 224 (12.2)
65–74 153 (13.0) 225 (12.3)

75–84 131 (11.2) 308 (16.8)
85+ 41 (3.5) 181 (9.9)

Sex
N (%)
Male 894 (76.2) 1315 (71.7) 0.007
Female 280 (23.8) 520 (28.3)

CCI weighting
N (%)
0 649 (55.3) 1183 (64.5) <0.001
1 381 (32.4) 452 (24.6)
≥2 144 (12.3) 200 (10.9)

Injury intent*
N (%)
Unintentional 1012 (86.9) 1595 (87.2) 0.12
Intentional self-harm 32 (2.7) 32 (1.8)
Intentional—other 100 (8.6) 175 (9.7)
Intent cannot be determined 21 (1.8) 23 (1.3)

Cause of injury†
N (%)
Low fall (<1 m) 239 (20.4) 677 (37.1) <0.001
Motor vehicle 276 (23.6) 229 (12.5)
Motorcycle 129 (11.0) 165 (9.0)
High fall 111 (9.5) 221 (12.1)
Struck by/collision with
person

75 (6.4) 136 (7.4)

Struck by/collision with
object

70 (6.0) 104 (5.7)

Pedal cyclist 56 (4.8) 95 (5.2)
Pedestrian 42 (3.6) 43 (2.3)
Cutting/piercing object 19 (1.6) 33 (1.8)
Other 152 (13.0) 123 (6.7)

*Data missing for n=16 cases.
†Data missing for n=14 cases.
ARV, Adult Retrieval Victoria; CCI, Charlson Comorbidity Index.

Table 2 Transfer and transport details by source of transfer
coordination

Descriptor

ARV
coordination
(n=1174)

Non-ARV
coordination
(n=1835) p Value

Region of injury event*
N (%)
Metropolitan Melbourne 179 (16.2) 1014 (60.5) <0.001
Regional Victoria 914 (82.5) 648 (38.7)
Interstate 15 (1.3) 14 (0.8)

Referral hospital region
N (%)

Metropolitan trauma service 112 (9.5) 1214 (66.2) <0.001
Regional trauma service 1062 (90.5) 621 (33.8)

Destination VSTS level
N (%)
Level 1/ MTS 1082 (92.2) 1342 (73.1) <0.001
Level 2/MeTS 47 (4.0) 309 (16.8)
Austin (spinal) 36 (3.1) 133 (7.2)
Regional trauma service 8 (0.7) 29 (1.6)
Metropolitan primary care
service

1 (0.1) 22 (1.2)

Time at referral hospital†
Median (IQR) hours 5.4 (3.8–7.5) 6.1 (4.2–9.2) <0.0001
Transport time‡
Median (IQR) hours 1.7 (1.2–2.4) 1.0 (0.7–1.6) <0.0001
Total transfer time
Median (IQR) hours 7.4 (5.5–9.8) 7.4 (5.3–10.6) 0.49

*Data missing for n=225 cases.
†Data missing for n=88 cases.
‡Data missing for n=115 cases.
ARV, Adult Retrieval Victoria; MeTS, metropolitan trauma service; MTS, major trauma
service; VSTS, Victorian State Trauma System.

Table 3 VSTS destination level by source of transfer coordination
and region of initial hospital

Destination
VSTS level

Regional Metro

ARV
coordination
(n=1062)

Non-ARV
coordination
(n=621)

ARV
coordination
(n=112)

Non-ARV
coordination
(n=1214)

N (%)
MTS 990 (93.2) 509 (82.0) 92 (82.1) 833 (68.6)
MeTS 36 (3.4) 55 (8.9) 11 (9.8) 254 (20.9)
Austin
(spinal)

27 (2.5) 28 (4.5) 9 (8.0) 105 (8.7)

Other 9 (0.8) 29 (4.7) 0 (0.0) 22 (1.8)

ARV, Adult Retrieval Victoria; MeTS, metropolitan trauma service; MTS, major trauma
service; VSTS, Victorian State Trauma System.
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which are managed and transferred using ad hoc systems. The
differences are illustrated in figure 2 below:

From inception, the retrieval service has predominantly direc-
ted its attention to the rural subpopulation of patients on the
basis that local responses, regional hospital capabilities and dis-
tance and logistic factors all posed additional risk for such
patients. As a department of AV, ARV developed or adopted
effective internal ambulance systems and consistent processes
for managing these transfers, employing principally air, but also
road transport options. As noted above, metropolitan transfers
coordinated via the retrieval service had significant survival and
functional outcome benefits compared with non-metropolitan
patients. Processes for interhospital transfers from regional
centres in Victoria that are not coordinated by ARVare generally
managed directly by the ambulance air transport department,
which is collocated with the retrieval service. There is, there-
fore, considerable similarity and overlap between these depart-
ments, their clinical practice guidelines and their processes. In
contrast, metropolitan transfers not managed by ARV may be
facilitated by many pathways without the levels of process con-
sistency or structure seen in rural and regional transfers. In such
circumstances, patients are managed without reference to or
clinical support from the ARV medical coordinator (who has

Table 4 Injuries and inhospital outcomes by source of transfer
coordination

Descriptor

ARV
coordination
(n=1174)

Non-ARV
coordination
(n=1835) p Value

Trauma type*
N (%)
Blunt 1060 (90.5) 1737 (94.5) <0.001
Penetrating 28 (2.4) 45 (2.5)
Burn 70 (6.0) 45 (2.5)
Other 13 (1.1) 8 (0.5)

ISS†

N (%)
1–12 193 (16.5) 309 (16.9) <0.001
13–15 185 (15.8) 367 (20.1)
16–17 249 (21.2) 456 (24.9)
18–24 217 (18.5) 243 (13.3)
25+ 329 (28.0) 455 (24.9)

Injury group‡
N (%)
Other/multitrauma (except
neuro)

458 (39.1) 483 (26.4) <0.001

Isolated head injury 257 (21.9) 550 (30.1)
Head and associated injuries 298 (25.4) 360 (19.7)
Spinal column/extremity
injuries

108 (9.2) 282 (15.4)

Spinal cord injury 31 (2.6) 96 (5.2)
Chest/abdominal injuries
only

21 (1.8) 59 (3.2)

Shock index on arrival at
definitive hospital§
Mean (SD) 0.67 (0.44) 0.61 (0.26) <0.0001
Shock index on arrival at
referral hospital¶
Mean (SD) 0.67 (0.22) 0.62 (0.19) <0.0001
GCS on arrival at definitive
hospital**
N (%)
3–8 498 (42.9) 239 (13.3) <0.001
9–12 15 (1.3) 44 (2.5)
13–15 648 (55.8) 1513 (84.2)

GCS on arrival at the referral
hospital††
N (%)

3–8 114 (10.0) 61 (3.4) <0.001
9–12 87 (7.6) 74 (4.2)
13–15 940 (82.4) 1650 (92.4)

ICU admission?
N (%)
No 502 (42.8) 1295 (70.6) <0.001
Yes 672 (57.2) 540 (29.4)

ICU length of stay (days)‡‡
N (%)
1 45 (6.7) 53 (9.8) 0.01
2–3 228 (33.9) 214 (39.6)
4–7 217 (32.3) 134 (24.8)
8+ 182 (27.1) 139 (25.7)

Ventilation time‡‡,§§
Median (IQR) hours 35 (11–110) 19 (0–75) <0.0001
Length of stay
Median (IQR) days 8.7 (4.7–15.7) 6.8 (3.9–12.5) <0.0001
Discharge destination§§

Continued

Table 4 Continued

Descriptor

ARV
coordination
(n=1174)

Non-ARV
coordination
(n=1835) p Value

N (%)
Home 552 (47.0) 943 (51.4) 0.11
Inpatient rehabilitation 454 (38.7) 625 (34.1)
Death 83 (7.1) 135 (7.4)
Other 85 (7.2) 131 (7.1)

*Data missing for n=3 cases.
†Data missing for n=6 case.
‡Data missing for n=6 cases.
§Data missing for n=48 cases.
¶Data missing for n=34 cases.
**Data missing for n=52 cases.
††Data missing for n=83 cases.
‡‡If admitted to ICU.
§§Data missing for n=1 case.
ARV, Adult Retrieval Victoria; ICU, intensive care unit; ISS, Injury Severity Score.

Table 5 Six-month outcomes by source of transfer coordination

Descriptor ARV coordination Non-ARV coordination p Value

Functional recovery?
N (%)
No 848 (80.3) 1270 (79.2) 0.48
Yes 208 (19.7) 334 (20.8)

Independent living?
N (%)
No 280 (26.5) 506 (31.6) 0.005
Yes 776 (73.5) 1098 (68.5)

Return to work?*
N (%)
No 202 (35.9) 232 (31.3) 0.08
Yes 360 (64.1) 509 (68.7)

*If working prior to injury.
ARV, Adult Retrieval Victoria.
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advanced training and experience in retrieval medicine), and
may be transferred by junior staff, with little training or expos-
ure to transport medicine, and inconsistent equipment, monitor-
ing and interventions. These fundamental differences may, in
part, explain the less significant outcome differences seen in
rural retrieval patients compared with metropolitan retrieval
patients.

Other factors associated with professional case coordination
such as clinical advice, logistic efficiency and in-transit clinical
care standards that cannot be adjusted for in the analysis may
also affect outcomes.

Decisions regarding the pattern of use of the retrieval service
differ considerably between regional referral hospitals and
metropolitan referrers. These decisions appear to impact patient
outcome, and may be due to a range of factors. Penetration of
the ARV service message and establishment of service has been
more targeted and effective in rural settings. ARV has limited
resource to provide retrieval staff for transfers in the metropol-
itan setting; therefore, referrers are less likely to engage the
service (including for advice and destination planning); prior to
2010, ARV offered very limited metropolitan retrieval support.
Persistence of local culture and network preference for transfer
within a local health service rather than transfer to a central
MTS may also be a factor. Finally, there may be lack of aware-
ness of major trauma transfer guidelines, which specify destin-
ation hospital type (MTS) and of the impact on outcomes of
care provided in different settings (eg, MTS vs MeTS).

These factors may be addressed with additional resource,
communication and education strategies; some of which have
been implemented such as a whole of system trauma guideline
education programme.16 It is likely that there would be

additional gains to be made if the remainder of major trauma
transfer cases were coordinated via the retrieval service. Triage
of higher proportions of major trauma patients to MTS destina-
tions does require appropriate concentration of resource in
these centres; however, benefits of associated outcomes are well
established.2 17–19 It is also plausible that the benefits seen in
the retrieval trauma patient population would be mirrored in
other patient populations, and since trauma represents approxi-
mately 20% of retrieval practice in Victoria, those gains may be
significant, and are worthy of further investigation.

Limitations
This study reflects a single retrieval service in a single setting
(mature and effective trauma system)—it may, therefore, have
limited external validity. However, the VSTS is certainly typical
of regionalised systems, and the geography and demography of
Victoria is analogous to many situations. The impacts seen in
the typical metropolitan setting could be considered
transferrable.

Missing data constitutes <5% of the population, and
although noted, is not considered a significant limitation.
Finally, the study was observational in nature, and therefore,
any causal relationship could not be confirmed.

CONCLUSION
In a mature trauma system, introduction of an effective retrieval
service was associated with further reductions in mortality and
improved long-term outcomes. A key factor in this finding was
case coordination facilitated delivery of patients to an MTS
rather than to a lower designated service.

Table 6 Association between ARV coordination and outcome

Outcome

Model excluding level of
definitive care in the system
Adjusted OR (95% CI)

Model including level of
definitive care in the system
Adjusted OR (95% CI)

ICU stay†
Not ARV and metropolitan hospital (reference) 1.00 1.00
Not ARV and regional hospital 0.82 (0.61 to 1.11) 0.83 (0.62 to 1.12)
ARV-coordinated and regional hospital 1.22 (0.93 to 1.59) 1.28 (0.98 to 1.68)
ARV-coordinated and metropolitan hospital 1.50 (0.79 to 2.83) 1.54 (0.81 to 2.94)

Inhospital death‡
Not ARV and metropolitan hospital (reference) 1.00 1.00
Not ARV and regional hospital 0.83 (0.52 to 1.33) 0.87 (0.55 to 1.39)

ARV-coordinated and regional hospital 0.69 (0.45 to 1.05) 0.73 (0.48 to 1.39)
ARV-coordinated and metropolitan hospital 0.39 (0.15 to 0.97) 0.41 (0.16 to 1.02)

Return to work at 6 months§
Not ARV and metropolitan hospital (reference) 1.00 1.00
Not ARV and regional hospital 0.91 (0.63 to 1.30) 0.87 (0.61 to 1.25)
ARV-coordinated and regional hospital 1.06 (0.76 to 1.48) 1.00 (0.71 to 1.39)
ARV-coordinated and metropolitan hospital 1.03 (0.48 to 2.23) 0.98 (0.45 to 2.16)

GOS-E score at 6 months¶
Not ARV and metropolitan hospital (reference) 1.00 1.00
Not ARV and regional hospital 1.03 (0.86 to 1.23) 1.00 (0.83 to 1.19)
ARV-coordinated and regional hospital 1.17 (0.99 to 1.38) 1.08 (0.91 to 1.27)
ARV-coordinated and metropolitan hospital 1.47 (1.01 to 2.14) 1.41 (0.97 to 2.05)

†Model adjusted for age group, gender, CCI, cause of injury, ISS group, injury group, GCS on arrival at definitive hospital of care, natural log shock index and source of referral.
‡Model adjusted for age, gender, CCI, cause of injury, natural log of ISS, injury group, GCS on arrival at definitive hospital of care, shock index and source of referral.
§Model adjusted for age, gender, CCI, cause of injury, ISS, injury group, GCS on arrival at definitive hospital of care, shock index and source of referral, and only in patients who were
working prior to injury.
¶Model adjusted for age group, gender, CCI, cause of injury, ISS, injury group, GCS on arrival at definitive hospital of care, shock index and source of referral.
ARV, Adult Retrieval Victoria; CCI, Charlson Comorbidity Index; ICU, intensive care unit; ISS, Injury Severity Score.

838 Kennedy MP, et al. Emerg Med J 2015;32:833–839. doi:10.1136/emermed-2014-204376

Original article



Contributors All authors contributed equally to the study design and manuscript
preparation. BJG provided statistical analysis.

Competing interests None declared.

Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES
1 Jurkovich GJ, Mock C. Systematic review of trauma system effectiveness based on

registry comparisons. J Trauma 1999;47(3 Suppl):S46–55.
2 Cameron PA, Gabbe BJ, Cooper DJ, et al. A statewide system of trauma care in

Victoria: effect on patient survival. Med J Aust 2008;189:546–50.
3 Lansink KW, Leenen LP. Do designated trauma systems improve outcome? Curr

Opin Crit Care 2007;13:686–90.
4 Kennedy MP. Retrieval medicine. In: Cameron P, Jelinek G, Kelly A, et al, eds.

Textbook of adult emergency medicine. Sydney: Churchill Livingstone,
2014:846–51.

5 Review of Trauma and Emergency Services (RoTES), Victoria. Final report of the
ministerial taskforce on trauma and emergency services and the department
working party on emergency and trauma services. Melbourne: Department of
Human Services Victoria, 1999. http://docs.health.vic.gov.au/docs/doc/
BC6BAA609311B6B3CA257B67001B277C/$FILE/t2rev.pdf (accessed 3 Oct 2014).

6 Gabbe BJ, Lyons RA, Fitzgerald M, et al. Reduced population burden of road
transport-related major trauma after introduction of an inclusive trauma system. Ann
Surg 2015;261:565–72.

7 Hill AD, Fowler RA, Nathens AB. Impact of interhospital transfer on outcomes for
trauma patients: a systematic review. J Trauma 2011;71:1885–900.

8 Flabouris A, Hart GK, George C. Outcomes of patients admitted to tertiary intensive
care units after interhospital transfer: comparison with patients admitted from
emergency departments. Crit Care Resusc 2008;10:97–105.

9 Zalstein S, Danne P, Taylor D, et al. The Victorian major trauma transfer study.
Injury 2010;41:102–9.

10 Department of Health (Victoria, Australia) Adult Emergency Retrieval Services In
Victoria, Discussion Paper, December 2006. http://catalogue.nla.gov.au/Record/
4224755 (accessed 15 Sep 2014).

11 Cameron PA, Finch CF, Gabbe BJ, et al. Developing Australia’s first statewide
trauma registry: what are the lessons? ANZ J Surg 2004;74:424–8.

12 Gabbe BJ, Cameron PA, Hannaford AP, et al. Routine follow up of major trauma
patients from trauma registries: What are the outcomes? J Trauma
2006;61:1393–9.

13 Bellingan G, Oliver T, Batson SM, et al. Comparison of a specialist retrieval team
with current United Kingdom practice for the transport of critically ill patients.
J Intensive Care Med 2000;26:740–4.

14 Warren J, Fromm RE, Orr RA, et al., American College of Critical Care Medicine.
Guidelines for the inter-hospital transport of critically ill patients. Crit Care Med
2004;32:256–62.

15 Stevenson A, Fiddler C, Craig M, et al. Emergency Department organisation of
critical care transfers in the UK. Emerg Med J 2005;22:795–8.

16 Trauma Education, Adult Retrieval Victoria and the Department of Health (Victoria,
Australia) Trauma Victoria—education and clinical guidelines, [Internet]; September
2014. https://trauma.reach.vic.gov.au (accessed 3 Oct 2014).

17 Gabbe BJ, Simpson PM, Sutherland AM, et al. Improved functional outcomes over
time for major trauma patients in an inclusive, regionalised trauma system. Ann
Surg 2012;255:1009–15.

18 MacKenzie E, Rivara F, Jurkovich G, et al. A national evaluation of the effect of
trauma-center care on mortality. New Engl J Med 2006;354:366–78.

19 MacKenzie E, Rivara F, Jurkovich G, et al. The impact of trauma-center care on
functional outcomes following major lower limb trauma. J Bone Joint Surg
2008;90-A:101–9.

Figure 2 Illustration of differences between ARV, pre-existing retrieval services and ad hoc transfer practices in Victoria. ARV, Adult Retrieval
Victoria; IT, information technology; MTS, major trauma service; VAERCS, Victorian Adult Emergency and Retrieval Coordination Service.

Kennedy MP, et al. Emerg Med J 2015;32:833–839. doi:10.1136/emermed-2014-204376 839

Original article

http://dx.doi.org/10.1097/00005373-199909001-00011
http://dx.doi.org/10.1097/MCC.0b013e3282f1e7a4
http://dx.doi.org/10.1097/MCC.0b013e3282f1e7a4
http://docs.health.vic.gov.au/docs/doc/BC6BAA609311B6B3CA257B67001B277C/&dollar;FILE/t2rev.pdf
http://docs.health.vic.gov.au/docs/doc/BC6BAA609311B6B3CA257B67001B277C/&dollar;FILE/t2rev.pdf
http://docs.health.vic.gov.au/docs/doc/BC6BAA609311B6B3CA257B67001B277C/&dollar;FILE/t2rev.pdf
http://dx.doi.org/10.1097/SLA.0000000000000522
http://dx.doi.org/10.1097/SLA.0000000000000522
http://dx.doi.org/10.1097/TA.0b013e31823ac642
http://dx.doi.org/10.1016/j.injury.2009.06.020
http://catalogue.nla.gov.au/Record/4224755
http://catalogue.nla.gov.au/Record/4224755
http://catalogue.nla.gov.au/Record/4224755
http://dx.doi.org/10.1111/j.1445-1433.2004.03029.x
http://dx.doi.org/10.1097/01.ta.0000225926.34180.47
http://dx.doi.org/10.1007/s001340051241
http://dx.doi.org/10.1097/01.CCM.0000104917.39204.0A
http://dx.doi.org/10.1136/emj.2004.017822
https://trauma.reach.vic.gov.au
https://trauma.reach.vic.gov.au
http://dx.doi.org/10.1097/SLA.0b013e31824c4b91
http://dx.doi.org/10.1097/SLA.0b013e31824c4b91
http://dx.doi.org/10.1056/NEJMsa052049
http://dx.doi.org/10.2106/JBJS.F.01225

	Impact of the introduction of an integrated adult retrieval service on major trauma outcomes
	Abstract
	Introduction
	Methods
	Setting
	Participants
	Procedures
	Data analysis

	Results
	Discussion
	Limitations

	Conclusion
	References


