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ABSTRACT

Background Time to reperfusion is an important
predictor of outcome in ischaemic stroke from large
vessel occlusion (LVO). For patients requiring endovascular
thrombectomy (EVT), the transfer times from peripheral
hospitals in metropolitan and regional Victoria, Australia

to comprehensive stroke centres (CSCs) have not been
studied.

Aims To determine transfer and journey times for patients
with LVO stroke being transferred for consideration of EVT.
Methods All patients transferred for consideration of EVT
to three Victorian CSCs from January 2017 to December
2018 were included. Travel times were obtained from
records matched to Ambulance Victoria and the referring
centre via Victorian Stroke Telemedicine or hospital
medical records. Metrics of interest included door-in-
door-out time (DIDO), inbound journey time and outbound
journey time.

Results Data for 455 transferred patients were obtained,
of which 395 (86.8%) underwent EVT. The median DIDO
was 107 min (IQR 84-145) for metropolitan sites and

132 min (IQR 108-167) for regional sites. At metropolitan
referring hospitals, faster DIDO was associated with

use of the same ambulance crew to transport between
hospitals (75 (63-90) vs 124 (99-156) min, p<0.001) and
the administration of thrombolysis prior to transfer (101
(79-133) vs 115 (91-155) min, p<0.001). At regional
centres, DIDO was consistently longer when patients were
transported by air (160 (127-195) vs 116 (100—144) min,
p<0.001). The overall door-to-door time by air was shorter
than by road for sites located more than 250 km away
from the CSC.

Conclusion Transfer times differ significantly for regional
and metropolitan patients. A state-wide database to
prospectively collect data on all interhospital transfers for
EVT would be helpful for future study of optimal transport
mode at regional sites and benchmarking of DIDO across
the state.

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Shorter transfer time between peripheral hospitals
and comprehensive stroke centres has been asso-
ciated with improved clinical outcomes in patients
with large vessel occlusion stroke requiring endo-
vascular thrombectomy.

WHAT THIS STUDY ADDS

= The median door-in-door-out time in Victoria was
107 min for metropolitan sites and 132 min for re-
gional sites. Air transfer may save overall transport
time for sites located more than 250 km from the
nearest comprehensive stroke centre.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This study reveals the value of system-wide data-
bases to capture interhospital patient transfer met-
rics. Such data will help with the planning of patient
transfers by optimising the choice of transport mode
and increasing the precision of patient arrival times.

INTRODUCTION
The effectiveness of endovascular throm-
bectomy (EVT) for large vessel occlusion
(LVO) ischaemic stroke is time sensitive. Any
delay in transfer would theoretically result
in poorer outcomes as infarct size increases.
This hypothesis is supported by data which
demonstrate worsening functional outcomes
with greater reperfusion delays, especially in
patients for whom complete reperfusion was
not achieved.'™

In Australia, patients presenting with acute
stroke are generally assessed at the nearest
regional or metropolitan hospital. Most of
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these are hospitals that do not have an on-site EVT service.
Victorian Stroke Telemedicine (VST) was first established
in 2013 and now provides 24/7 telehealth consultations
for patients with suspected stroke. The service operates
across 17 Victorian regional hospitals and provides access
to a stroke physician.® If appropriate, patients are then
transferred to a comprehensive stroke centre (CSC)
after discussion between the CSC neurologist, neuroin-
terventionalist and the VST clinician. Victoria has two
designated state-wide CSCs and one additional CSC also
receives external transfers for EVT. Two additional metro-
politan centres provide EVT for patients presenting to
their service but do not routinely accept external transfers
for EVT. There are no privately funded CSCs in Victoria.

The transfer time from peripheral hospitals without
on-site EVT capability to CSCs has not been studied in
Victoria. We sought to examine the patient journey for
those with LVO stroke, with particular interest in door-
in-door-out time (DIDO) and interhospital transfer times
from both metropolitan and regional hospitals across the
state of Victoria.

METHODS

Patients who were transferred from a public hospital in
Victoria, Australia to a CSC for consideration of EVT
between January 2017 and December 2018 were included.
All sites are guided by the state-wide service protocol for
transfers of patients requiring EVT.” The imaging of all
transferred patients is reviewed by the neurointervention-
alist at the CSC. The final decision to transfer is agreed
between the referring and CSC clinicians. Patients trans-
ferred between hospitals but who did not ultimately
undergo the procedure were also included in the study.

The study was designed to focus on the transfer
processes between public hospitals and high-volume EVT
centres. The EVT centres included in this study were
The Royal Melbourne Hospital, Monash Medical Centre
and the Austin Hospital. The following regional sites
were included (figure 1): Mildura, Swan Hill, Horsham,
Echuca, Bendigo, Hamilton, Warrnambool, Ballarat,
Werribee, Shepparton, Wangaratta, Albury, Warragul,
Traralgon, Wonthaggi, Sale and Bairnsdale. Metropol-
itan sites included were Box Hill Hospital, Maroondah
Hospital, University Hospital Geelong, Frankston
Hospital, Sunshine Hospital, Footscray Hospital and the
Northern Hospital.

Data linkage

All patients transferred from an external hospital with
ischaemic stroke were identified from the departmental
stroke databases at the CSCs. These records were reviewed
to confirm the presence of LVO and intention to transfer
for EVI. These data were then matched with records
from Ambulance Victoria and metropolitan hospitals.
VST provided data from their consultation database
which is separate from the medical record of the regional
hospitals. To maintain patient confidentiality, identifying
data were only shared between hospitals involved in the
patient’s care to match cases for this study. Patients were
then assigned study codes for later identification and
analysis. The study was registered at the respective ethics
and research offices as a quality improvement project and
patient consent was not required.

Definitions
LVO was defined as occlusion of the intracranial or
extracranial internal carotid artery, M1 or M2 middle
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cerebral artery or basilar occlusion. ‘Inbound’ refers
to events or transport occurring prior to arrival at the
first hospital. ‘Outbound’ refers to events or transport
occurring between the referring hospital en route to the
CSC. DIDO was calculated as the time between arrival
at the first hospital and departure from that hospital as
obtained from ambulance records. Arrival and departure
times documented by Ambulance Victoria were chosen
as they had fewer missing data and were more reflective
of the patient’s true arrival and departure times at the
emergency department. In cases where these data were
missing, the documented triage time obtained from the
medical record was used. Door-to-door time (D2D) is
defined as the time between patient arrival at the first
hospital and patient arrival at the CSC. This represents
the sum of the DIDO and travel time between referring
hospital and CSC. The CSC arrival time was also obtained
from Ambulance Victoria records unless missing from the
data.

‘Air transfer’ refers to fixed-wing or helicopter trans-
fers, but this distinction was not available retrospectively
in individual case files. Any outbound transfer involving
two or more crews was considered a ‘multi-leg journey’.
This included air transfers where an additional road crew
was required to transport the patient from the referring
hospital to the aircraft, and/or aircraft to the CSC.

Statistical analysis

Statistical analysis was performed in RStudio V.4.0.5.
Comparisons between groups were assessed using
or Kruskal-Wallis tests as appropriate. Multivariable
analysis with variables of interest was performed using
linear regression models with controls for patient age,
sex, premorbid function, time of day and time of week.
Missing data were excluded from analysis using a pair-
wise deletion method. Statistically significant variables
were further selected using a stepwise forward selection
method based on the Akaike information criterion.

RESULTS
Records for 491 patients were found during the 2-year
period, with 455 included in the study (figure 2). Records
were complete for only 38% of patients. Incomplete
records were either missing data from the inbound
journey, outbound journey, primary stroke centre (PSC)
metrics or a combination of these. Thirteen patients from
private hospitals and nine patients from other public
hospitals were identified in the study. These transfers
were not included in the scope of the study. All of these
records were also missing part or all ambulance data.
Three hundred and ninety-five patients (89.8%) under-
went EVT after transfer. There was one posterior cerebral
artery occlusion, two proximal M3 occlusions and one
vertebral artery occlusion included in the final cohort.
Baseline demographics of the patients stratified by
metropolitan and regional referral locations are shown in
table 1. There were no significant differences in patient

491 patient records

identified from CSC
databases

10 patients were not
physically transferred

A 4

481 patients eligible

26 patients excluded
- 13 from private hospitals
- 9 from referring hospitals not included in this
study
- 3 transfers between CSCs
- 1 interstate transfer

455 patients included
in study

395 received EVT

Figure 2 Flow chart summarising the inclusion and
exclusion of patients for the study. CSC, comprehensive
stroke centre; EVT, endovascular thrombectomy.

60 transferred but did
not undergo
procedure

baseline demographics between metropolitan and
regional sites. A higher proportion of patients in regional
centres required transfer by air or had multileg outbound
journeys en route to the CSC. The outbound journey was
much longer for patients coming from regional centres as
expected for the increased distance from CSCs. Inbound
metrics for patients arriving by ambulance to the first
hospital are shown in table 2.

DIDO and interhospital transport times for individual
sites are listed in online supplemental tables 1 and 2.
Median DIDO was longer at regional sites than metropol-
itan sites (132 (108-167) vs 107 (84-145) min, p<0.001).
DIDO for regional patients transported by air was longer
than DIDO for patients transported by road crew only
(160 (127-195) vs 116 (100-144) min, p<0.001). For
regional patients, multivariable linear regression showed
an association of shorter DIDO with worse stroke severity
by the National Institutes of Health Stroke Scale score,
whereas longer DIDO was associated with air transfers
and less urgent ambulance dispatch (code =2 ‘not lights
and sirens’) (R?=0.347, p<0.001).

At metropolitan sites, univariable analysis showed an
association between shorter DIDO and the use of the same
transporting crew for the outbound transfer (median
DIDO 75 vs 123.5 min, p<0.001). However, this associa-
tion was not seen at regional centres (figure 3). Use of the
same crew occurred in 53/189 (28%) of cases at metro-
politan PSCs and 20/101 (19.8%) of cases at regional
centres. In multivariable analysis of metropolitan trans-
fers, use of the same outbound crew (75 (63-90) vs 124
(99-156) min, p<0.001) and patients receiving throm-
bolysis (101 (79-133) vs 115 (91-155) min, p<0.001)
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Table 1 Comparison of demographic data and key transfer times within the study cohort

Regional (N=176) Metropolitan (N=279) Overall (N=455) P value
Sex, n (%) 0.519
Female 72 (40.9) 124 (44.4) 196 (43.1)
Male 104 (59.1) 155 (55.6) 259 (56.9)
Age (years) 0.273
Median (Q1, Q3) 72.0 (64.0, 78.0) 73.0 (64.0, 81.0) 73.0 (64.0, 80.0)
NIHSS score on first assessment 0.151
Median (Q1, Q3) 15.0 (9.00, 19.0) 16.0 (10.0, 20.0) 15.0 (10.0, 20.0)
Missing, n (%) 16 (9.1) 31 (11.1) 47 (10.3)
Premorbid mRS, n (%) 0.071
0 131 (74.4) 180 (64.5) 311 (68.4)
1 17 (9.7) 44 (15.8) 61 (13.4)
2 8 (4.5) 9(3.2) 17 (3.7)
>3 4 (2.3) 11 (4.0) 15 (3.2)
Missing 16 (9.1) 35 (12.5) 51 (11.2)
Arrival mode, n (%) 0.009
Ambulance 164 (93.2) 253 (90.7) 417 (91.6)
Inpatient 3(1.7) 20 (7.2) 23 (5.1)
Self-present 9 (5.1) 6(2.2) 15 (3.3)
Thrombolysis, n (%) 0.597
Yes 100 (56.8) 142 (50.9) 242 (53.2)
No 76 (43.2) 122 (43.7) 198 (43.5)
Missing 0 15 (5.4) 15 (6.8)
Transport by air, n (%) <0.001
Yes 83 (47.2) 3(1.1) 86 (18.9)
No 76 (43.2) 271 (97.1) 347 (76.3)
Missing 17 (9.7) 5(1.8) 22 (4.8)
Multileg outbound journey, n (%) <0.001
Yes 82 (46.6) 2 (0.7) 84 (18.4)
No 71 (40.3) 256 (91.8) 327 (71.9)
Missing 23 (13.1) 21 (7.5) 44 (9.7)
DIDO (min) <0.001
Median (Q1, Q3) 132 (108, 167) 107 (84, 145) 114 (91.0, 150)
Missing, n (%) 85 (48.3) 38 (13.6) 123 (27)
Outbound journey time (min) <0.001
Median (Q1, Q3) 90.0 (73.0, 105) 26.0 (20.0, 36.5) 33.5 (23.0, 75.0)
Missing, n (%) 69 (39.2) 56 (20.1) 125 (27.5)

P values shown for Kruskal-Wallis test. A multileg outbound journey refers to any transfer involving two or more ambulance crews between
the referring hospital and comprehensive stroke centre, including any transfers to and from an aircraft.
DIDO, door-in-door-out time; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale.

were associated with shorter DIDO (multivariable linear
regression R*=0.13, p=0.02). We did not find any asso-
ciation between DIDO and patient age, sex, severity of
stroke, premorbid function, weekday versus weekend,
working hours versus after hours or PSC case volume in
univariable or multivariable analyses across the overall or
metropolitan cohorts. Full detail of the analyses can be

found in online supplemental tables 3 and 4, and online
supplemental figure 1.

Data were available for eight sites which used
eitherroad transport alone or combined air and road
transport (Geelong, Ballarat, Bendigo, Wangaratta,
Shepparton, Hamilton, Warrnambool and Bairnsdale).
Total DIDO and outbound travel times for these sites

4

Wong JZW, et al. BMJ Neurol Open 2023;5:6000376. doi:10.1136/bmjno-2022-000376


https://dx.doi.org/10.1136/bmjno-2022-000376
https://dx.doi.org/10.1136/bmjno-2022-000376
https://dx.doi.org/10.1136/bmjno-2022-000376

Table 2 Comparison of inbound metrics for ambulance-transported patients at regional and metropolitan centres

Regional (N=176) Metropolitan (N=279) Overall (N=455) P value
Symptom onset to call (min) 0.369
Median (Q1, Q3) 29.0 (9.00, 82.5) 35.5(11.0, 110) 31.0 (9.00, 101)
Missing, n (%) 76 (43.2) 179 (64.2) 255 (56.0)
Dispatch response time (min) 0.889
Median (Q1, Q3) 10.0 (8.00, 15.0) 10.0 (8.00, 15.0) 10.0 (8.00, 15.0)
Missing, n (%) 53 (30.1) 75 (26.9) 128 (28.1)
Extrication time (min) 0.037
Median (Q1, Q3) 21.0 (16.0, 25.0) 18.0 (13.0, 26.0) 19.0 (14.0, 25.8)
Missing, n (%) 55 (31.3) 78 (28.0) 133 (29.2)
Inbound travel time (min) 0.077

Median (Q1, Q3)
Missing, n (%)

16.0 (8.00, 34.0)
55 (31.3)

P values shown for Kruskal-Wallis test.

are shown in figure 4. DIDO was longer at all these
sites when patients were transferred by air compared
with road transport. However, overall D2D was numer-
ically shorter when transferred by air if road transport
distance exceeded 250 km (Hamilton, Warrnambool
and Bairnsdale) or if the median calculated D2D
by road transport exceeded 250 min (Shepparton,
Hamilton, Warrnambool and Bairnsdale) based on
visual comparison in figure 4.

DISCUSSION

This is the first report of transfer time metrics at a state
level in Australia for patients with LVO transferred from
a peripheral referring hospital to a CSC. Metrics such as
DIDO are an ideal target for quality improvement and
have been shown to correlate with stroke outcomes.’

Regional Metropolitan

>
8

o 1345 |

1235

DIDO time (minutes)
o
3

Same crew Different Same crew Different
Outbound crew

Figure 3 Boxplots comparing DIDO and use of the same
outbound crew, stratified by regional and metropolitan sites.
The difference was found to be statistically significant at
metropolitan sites in univariate and multivariate analyses.
DIDO, door-in-door-out time.

19.0 (13.8, 26.0)
79 (28.3)

19.0 (12.0, 29.0)
134 (29.5)

These time metrics are important as they serve as objec-
tive measures of the overall performance of a complicated
process currently involving multiple organisations.’” In
Victoria, air transport of patients may be organised by
either Ambulance Victoria or Adult Retrieval Victoria
depending on the clinical status of the patient. Regardless
of the agency involved, the same pool of aircraft is used
for all acute and non-acute transfers of patients within
the state. In our cohort, up to four separate ambulance
crews may be involved in air transfers between regional
sites and CSCs.

The inbound time metrics suggest ambulance perfor-
mance is similar in metropolitan and regional settings.
Importantly, time from crew dispatch to arrival at the
scene was similar (median 10 min). There was a small
difference observed in extrication time at the pick-up
address (median 21 vs 18 min), but this was not statis-
tically significant once applying a Bonferroni correction
for multiple comparisons and is probably of little clin-
ical significance. Despite the similar response and arrival
times for crews in regional compared with metropol-
itan areas, there continues to be a discrepancy in DIDO
between metropolitan and regional hospitals. However,
there is still scope for improvement in DIDO at metro-
politan sites. In a cluster-randomised trial involving high-
efficiency PSCs in non-urban areas of Catalonia, Spain,”®
the median DIDO was 78 min between 2018 and 2020,
shorter than the best performing metropolitan site in this
study (82 min).

In metropolitan centres, use of the same ambulance
crew to transport the patient between PSC and CSC
reduced DIDO, consistent with previous findings.7
This is impractical to replicate in regional sites largely
due to crew availability as the regional road ambu-
lance crew would be out of service for a median of 180
min to cover the return journey between regional PSC
and CSC. In fact, we did not find the use of the same
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Figure 4 Graph comparing road and air transport at regional sites which used both modes of transport. Not all transfers
occurred to the closest CSC for that site and these data were excluded from the graph. University Hospital Geelong is
considered a metropolitan primary stroke centre within the Victorian system. It is the only metropolitan site which used air and
road transport. CSC, comprehensive stroke centre; DIDO, door-in-door-out time.

ambulance road crew to be associated with shorter
regional DIDO, possibly reflective of the additional
time required to coordinate such a transfer. Regional
patients receiving thrombolysis were not found to
have longer DIDO, although patients with more
severe stroke were associated with shorter DIDO.
Also, ambulances dispatched as less urgent ‘not lights
and sirens’ were associated with longer DIDO. This
would indicate that other factors within local patient
transfer protocols or logistic factors within the state
ambulance service, that were not captured within this
study, need to be further examined and improved.
Although we did not adjust for multiple comparisons,
the o levels of the reported statistically significant
associations were <0.001.

DIDO was consistently longer when transporting
patients by air, an observation seen elsewhere in
Australia.” Our data suggest that for regional Victo-
rian sites located more than 250 km by road from their
closest PSC, the longer DIDO spent arranging for air
transfer is offset by the saving in outbound travel time.
Conversely, sites closer than 250 km should prefer-
ence road-only transport to avoid prolonging DIDO
due to logistical delays of air transfer. We suggest
that distance, being a non-modifiable factor, could be
used to guide the choice for mode of transport until

sustained improvements in regional DIDO are able to
change the equation.

Victoria is the smallest mainland Australian state and
the difference between the shortest (Werribee) and
longest (Mildura) distances between a regional site and
a CGSC is 450 km. Given the relatively few transfers from
individual regional sites over the study period, our data
from individual regional sites are imprecise for clinical
or modelling purposes. However, these data can act as a
guide for clinicians involved in the care of these patients.
At state-wide referral sites, there can often be patients
requiring EVT requiring transfer simultaneously. With
such data, receiving hospitals can account for DIDO and
travel time in preparing for patient arrival. The data can
be portrayed in an easily accessible, interactive format
as shown in this link (https://jowo92.shinyapps.io/
DIDOmap/).

The main limitation of this study is the high proportion
of missing data. This is despite our best efforts in matching
patient identifiers across databases from different health
services. Our experience of the current difficulties in iden-
tifying patients transferred for EVT from existing routine
data and local hospital stroke databases strongly argues for
the establishment of a prospective state-wide database with
key variables of interest relating to LVO stroke transfers and
outcomes. This should include the smaller EVT centres
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and private hospitals that were omitted in this study as the
uptake of EVT increases. Also, we were unable to assess if
DIDO across Victoria has improved since 2019 and the
authors acknowledge that more contemporary data may
show different findings. Quality improvement initiatives
at the PSC level have been shown to dramatically decrease
DIDO.'"? At one metropolitan Melbourne PSC, DIDO has
improved from 82 min from 2017 to 2018 in this study to 50
min in 2021."° The very resource intensive nature of modern
stroke interventions should justify the effort and investments
of establishing such a database. Monitoring of DIDO at a
system level and benchmarking with other sites may assist
with local quality improvement initiatives. A shift to an
underlying ‘Formula 1 pit stop” or ‘grab and go’ mentality
needs to be instilled while addressing local process-related
delays to achieve sustained improvement in DIDO across the
state. Such a database could also be linked to the interactive
map for up-to-date data of transfer times across the state.

In conclusion, regional sites in Victoria have longer
DIDO than metropolitan hospitals. Investment in the
development of a state-wide database for patients trans-
ferred for EVT will support improvements in overall treat-
ment efficiency of patients with LVO stroke. Such data
can further refine DIDO and travel time estimates, which
can inform decisions on the optimal mode of transport to
ultimately shorten the time to reperfusion.
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