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Abstract
Objective: In Australia, approximately 3 in 4 people with acute stroke use an ambulance. Few examples of merging ambulance
clinical records, hospital government data, and national registry data for stroke exist. We sought to understand the advantages
of using linked datasets for describing the full clinical journey of people with stroke and the possibility of investigating their long-
term outcomes based on pre-hospital management of stroke. Method: Patient-level data from the Australian Stroke Clinical
Registry (AuSCR) (January 2013-October 2017) were linked with Ambulance Victoria (AV) records and Victorian Emergency
MinimumDataset (VEMD). Probabilistic iterative matching on personal identifiers were used and records merged with a project
specific identification number. Results: Of the 7,373 episodes in the AuSCR and 6,001 in the AV dataset; 4,569 (62%) were
matched. Unmatched records that were positive for “arrival by ambulance” in the AuSCR and VEMD (no corresponding record
in AV) were submitted to AV. AV were able to identify 148/435 additional records related to these episodes. The final cohort
included 4,717 records (median age: 73 years, female 42%, ischemic stroke 66%). Conclusion: The results of the data linkage
provides greater confidence for use of these data for future research related to pre-hospital management of stroke.
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What do we already know about this topic?
Improvement in access to reperfusion therapy and reductions in treatment delays requires coordination of multiple
systems and services including a well-organised and streamlined pre-hospital and hospital care.
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How does your research contribute to the field?
Our knowledge of pre-hospital factors that influence timely identification of stroke and arrival to appropriate care is less
well-known.

What are your research’s implications towards theory, practice, or policy?
This research will be used to identify gaps in pre-hospital processes related to improving acute stroke care and generate a
strong evidence-base that will inform clinical practice and policy for pre-hospital stroke care.

Introduction

Government departments, disease registries and health-service
providers collect large volumes of clinical data for monitoring
service provision, costing services or for disease surveillance.1

Combining these records through data linkage, whereby data
belonging to an individual from multiple sources are merged,2

can provide a resource for understanding health system ef-
fectiveness or population health outcomes.3

The aims of this study were to 1) describe the feasibility of
linking data from a national stroke registry with ambulance
and emergency department presentation datasets; and 2) il-
lustrate the value of the merged data in providing a greater
understanding of pre-hospital care for people with suspected
stroke. This body of work is the first step in determining the
feasibility of a registry for pre-hospital stroke in Victoria.

Methods

Data for patients with stroke or transient ischaemic attack
(TIA) admitted to Victorian hospitals participating in the
Australian Stroke Clinical Registry (AuSCR) were linked
with ambulance records (Ambulance Victoria, AV) and ad-
ministrative data (Victorian Emergency Minimum Dataset,
VEMD) collected between January 2013 and October 2017.

Data Sources

Australian Stroke Clinical Registry. The registry provided the
inception cohort of confirmed case of stroke and TIA for this
study. The AuSCR is a national clinical quality registry which
was commenced in 2009 to enable routine collection of a
minimum dataset of clinical quality of care indicators. Eli-
gible AuSCR registrants are followed up between 90-
180 days post stroke using a survey to elicit their health
outcomes.4 The AuSCR is a minimum dataset that relies on
hospital clinicians for input, therefore limited data are col-
lected on comorbidities and medical history since these can
be obtained via other means using data linkage.5 The AuSCR
uses an opt-out method of consent in which patients at
participating hospitals are automatically included. At hos-
pitalisation, participants are provided with an information
sheet explaining the purpose of the registry and instructions,
if they wish, to exclude part or all of their information from
the AuSCR.6 The registry maintains data integrity through

routine audits of data, site-level data quality reports and case-
ascertainment reviews each year to assess for selection bias.
In 2017, case ascertainment for the hospitals that provided
ICD10-coded discharge diagnosis data (n = 46) ranged from
28% to 100%; median 81% (increasing from 77% in previous
year).7

Ambulance records. Ambulance Victoria is the sole provider
of emergency medical services in the state of Victoria,
covering a landmass of 227,038 square kilometres.8 The state
of Victoria is one of the smallest in terms of geographic size
and is more densely populated than other states of Australia.
The majority of people with suspected stroke are within a 1-
hour drive time to a stroke capable hospital.9 The ambulance
service operates on a two-tiered response system consisting of
advanced life support paramedics and intensive care para-
medics with different scopes of practices.10 Ambulance
Victoria uses the AdvancedMedical Priority Dispatch System
(AMPDS; International Academies of Emergency Dispatch –
IAED, Salt Lake City, United States)), a widely used com-
mercial medical triage system that categorises cases into
urgency-based triage categories.11 A non-clinical emergency
call-taker uses the triage tool to determine the location, nature
and type of incident in order to categorise each call according
to the patient’s chief complaint. Electronic Patient Care
Records (ePCR) were implemented by AV in 2006 with
complete roll-out across the state in 2008.12 The paramedic
recorded ePCR includes demographic information, case time
series information, pickup location, symptoms, vital signs
and pre-existing conditions, plus paramedic diagnosis and
clinical management information. These data are primarily
collected for provision of health service to patients and for
monitoring performance and research.

Emergency department records. The Victorian Department of
Health and Human Services (DHHS) collects information on
emergency presentations occurring in Victoria. The Victorian
Emergency Minimum Dataset (VEMD) is an emergency dataset
collected according to the processes specified in the Emergency
Department Care National Minimum Data Set standards.13 It is a
dataset which includes de-identified information on emergency
department (ED) presentations at Victorian public hospitals. The
data collected includes demographic, administrative and clinical
information. These administrative data are collected to assist in
service planning and case-mix funding. These data can be used to
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identify variations in care delivery and patient outcomes in Victoria
especially when linked with disease registries such as the AuSCR.

Selection of Participants

The AuSCR diagnosis confirmed in hospital was used as the
reference standard to compare to the provisional diagnoses
made by ambulance personnel, classified as ‘suspected’ and
‘not suspected’ stroke. AuSCR registrants who were 18 years
or older and arrived at hospital by ambulance were included.
We excluded patients with an onset of stroke during their
hospital admission for another condition, or if they had been
transferred between hospitals. Strokes occurring before De-
cember 2014 were excluded because AV data were incon-
sistently collected between September and December 2014
due to paramedic industrial action.

Data Linkage Procedure

In Australia we do not have a unique individual health
identification number so we are reliant on matching people in
different datasets based on their personal information such as
name and date of birth. The linkage is undertaken by orga-
nisations with authorisation to hold personal information and
a common project ID is then used to enable researchers to
merge the datasets which are sent to them in a deidentified
format (Supplemental Figure 1). In brief, identifiable patient
information from AuSCR registrants admitted to Victorian
hospitals with stroke or TIAwere submitted to the DHHS and
AV data linkage centres for patient matching (Supplemental
Table 1). The emergency presentations dataset, that had been
linked with AuSCR patients was subsequently merged to
capture additional ambulance arrival episodes using a com-
mon project specific linkage key. In the AuSCR-AV dataset
linkage, a probabilistic (‘fuzzy’) data linkage algorithm was
employed using Stata (StataCorp, Texas, United States) and
WinPure Clean and Match Enterprise (version 7.3.6.1,
WinPure, New York, United States). Two stages of data
linkage were performed using several different criteria in
order to maximise the linkage rate. In the first stage, linkage
was performed using full name (first and last), date of birth
and date of arrival at ED or date of admission. The linkage
was performed ‘1 to many’ such that a unique AuSCR record
could be linked to many AV records based on episode of care
as opposed to a patient-based match. Match scores >0.75
were assumed to be true matches, and matches <0.69 were
assumed to be untrue. All patients with a match score 0.69 –

0.75 were manually reviewed for accuracy. In the second
stage of the linkage, a data quality and validation review of
the cases that did not match was performed. Linkage
variables were the three first letters of first and last names,
date of birth and the date of the call receipt (used to match
to date of arrival at ED or date of admission). The fuzzy
threshold for the second stage of the linkage was set at
80% to maximally capture the episodes of care that did not

match. Match scores ≥80% resulted in the observations being
linked together. In the final stage, additional cases identified in
stage 2 were added to the merged cases in stage 1 (Figure 1). A
brief overview of descriptive characteristics are provided.
Categorical variables were summarised as frequencies and
percentages, and continuous variables as median and
interquartile range. Differences in characteristics between pa-
tients suspected of stroke and patients not suspected of stroke,
and other variables were compared using Kruskal-Wallis tests
for continuous variables and Pearson’s X2 tests for categorical
variables. All analyses were performed using Stata/SE (version
15.0, StataCorp, Texas, United States). A P <0.05 was con-
sidered statistically significant.

Ethics

Ethics approval for this study was provided by the Monash
University Human Research Ethics Committee (MUHREC
12770).

Results

Data for 12,197 patients registered in AuSCR were available
for matching to 8,017 ambulance transports records (in-
cluding 364 ambulance referral service records for 352 pa-
tients). Of these, we excluded strokes that occurred while the
patient was in hospital for another condition (n = 461, 4%),
those transferred from another hospital (n = 1,466, 13%) and
for the years 2013 - 2014 or where the year was missing (n =
2,897, 28%) from the stroke registry. We excluded years 2013
- 2014 or missing year (n = 2,016, 25%) from the ambulance
dataset. Overall, 7,373 case records for 6,649 patients in the
AuSCR were available for linking to 6,001 records for 5,381
patients in the ambulance dataset; from which 4,569 (62%)
patient records were able to be linked and merged.

Characteristics of the matched and unmatched cases are
presented in Table 1. We reviewed records that merged and
did not merge between datasets and verified information for
overlapping variables (e.g. use of ambulance in AuSCR and
the VEMD). The ambulance dataset was used as the reference
standard for use of ambulance services. The first stage in-
cluded a data quality assessment for cases where arrival by
ambulance in the registry was recorded as positive. We
subsequently found 743 cases with transport by ambulance
recorded in the AuSCR with no corresponding record in the
ambulance dataset. Based on information provided in the
emergency department dataset, 453 of these cases had evi-
dence of arrival to hospital by road ambulance. The 453 cases
were submitted to AV for manual searching, whereby an
additional 148 cases were confirmed as arriving by ambu-
lance, and were subsequently included in the final merged
dataset. The final linked cohort included 4,717 records for
4,287 patients (64%). This analysis was performed on 4,287
unique patients (denominator) with a single record in the
stroke registry.
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Characteristics of patients suspected of stroke by paramedics
in the final matched cohort are presented in Table 2. Among those
matched; 42% were female and median age at stroke 73 years.
Suspected diagnosis by paramedics were: stroke or TIA 69%
(ischaemic 67%, intracerebral haemorrhage 12%; TIA 19% and
undetermined 2%) and other conditions 31%. Patients 75 years or
older weremore likely to be suspected of stroke. Paramedics used
the Melbourne Ambulance Stroke Screen tool and correctly
identified 81% of patients as stroke/TIA. Hospital pre-
notification was recorded in 56% of patients suspected of
stroke/TIA compared to 16% of those not suspected of stroke/
TIA by paramedics. Of those suspected of stroke by para-
medics, 53% arrived to hospital within 4.5hrs. Overall, .<1%
were transported using an air ambulance, 93% via an
emergency ambulance and the remainder by non-emergency
ambulance transport.

Discussion

For the first time, ambulance and emergency presentation records
and data from a stroke registry have been linked as part of a
project grant funded by the Stroke Foundation. In this report we
show the successful linkage and validation of information

between these datasets. This innovative feasibility project es-
tablishes routine linkages and the ongoing two-way exchange of
data to monitor health system issues between a state-wide am-
bulance service and hospitals. This data infrastructure will support
other relevant research in stroke being conducted in Victoria and
may be potentially scalable to other states since the same am-
bulance data collection is used, and the AuSCR is a national
registry. Additionally, these data could also form the basis of
developing robust performance indicators for the ambulance
services and triage of patients with stroke.

We cross-referenced data between the different data sources to
verify cases and improve the reliability and to validate our match
results. For “arrival by ambulance” collected in the AuSCR, we
adjudicated AV transport as reference for ambulance use. Records
in theVEMDdataset were used to verify discrepancy between the
AuSCR and AV. We found records that were positive for “arrival
by ambulance” in the registry but had no corresponding record in
the ambulance dataset. A reasonable explanation for the mis-
match between the datasets may be due to the method of linkage
or the accuracy and completeness of the data within each data
source.14 As Australian residents do not have a unique national
health identifier, data linkage relies on common identifiers (such
as names, dates of birth or Medicare number) and these may be

Figure 1. Merging and validation of stroke registry and ambulance data with emergency records.
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Figure 2. Continuum of stroke care through the Australian healthcare system.

Table 2. Characteristics of AuSCR confirmed stroke patients and associations with identification of stroke by paramedics.

Suspected stroke/
TIA; N = 2937 N (%)

Not suspected stroke/
TIA; N = 1350 N (%) P-value

Female 1208 (41) 605 (45) .023
Age (in y)

Less than 65 773 (26) 396 (29) .030
65-74 921 (32) 436 (32)
75+ 1243 (42) 517 (38)
Median age (Q1, Q3) 73 (64, 79) 72 (63, 78) <.001

Born in Australia 1819 (62) 848 (62) .581
Identifies as aboriginal and torres strait islander 32 (1) 20 (1) .278
Interpreter required 194 (7) 102 (8) .252
Onset of symptoms <4.5 h 1541 (53) 460 (35) <.001
Type of stroke

Ischaemic 1915 (67) 831 (63) .115
Intracerebral haemorrhage 334 (12) 162 (12)
Transient Ischaemic attack 552 (19) 285 (22)
Undetermined 61 (2) 36 (3)

Severe stroke (Unable to walk on admission) 2007 (68) 901 (67) .299
Documented previous stroke 594 (23) 234 (20) .046
Hospital pre-notification 1668 (57) 214 (16) <.001
Use of Melbourne ambulance stroke scale 2371 (81) 141 (11) .000
Patient’s place of residence

Metropolitan area 1750 (60) 827 (62) .272
Regional area 1147 (40) 503 (38)

AuSCR = Australian Stroke Clinical Registry; Ability to walk on admission (proxy for stroke severity collected in AuSCR; TIA = transient ischaemic attack; Q1 =
25th percentile; Q3 = 75th percentile; aPlace of residence defined as Accessibility and Remoteness Index of Australia.
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collected with varying degrees of accuracy and completeness in
prehospital and hospital settings. Our work is consistent with a
new study from the United States15 which sought to compare
deterministic and probabilistic approaches for matching state
emergency service records to a national stroke registry. Similar to
our study, the probabilistic linkage method yielded the highest
linkage rate of 67.7% compared to the deterministic method
(45.5%).

The merged data from this study will expand our potential to
identify gaps in pre-hospital and hospital management processes
related to improving acute stroke care and recovery (Figure 2).We
can also explore factors that affect the performance of ambulance
services, emergency departments and stroke units in the delivery
of timely treatment. Additionally, these datawill provide evidence
to evaluate Ambulance policy or innovative programs such as the
Melbourne Mobile Stroke Ambulance. Evidence generated from
this research will be used to address the health inequity of access
to stroke care between rural/remote and metropolitan commu-
nities, and for planning new operational models of stroke am-
bulances (road and air) in Victoria and Australia-wide.

Strengths and Limitations

There are several strengths to this study. We provide evidence
for the successful linkage of ambulance records with a stroke
registry for investigation of prehospital care in an Australian
setting. We used AuSCR confirmed stroke diagnosis as a
reference for patients with stroke unlike some studies16 that
use provisional ED discharge diagnosis. Secondly, Ambu-
lance Victoria is the only provider of emergency ambulance
services in Victoria. Therefore, linking these data with ex-
isting disease-specific registries such as the AuSCR maxi-
mises and supplements information that is not readily
available in either dataset. This provides an opportunity for
assessment of the continuum of care for patient with stroke
through the healthcare system. In this project, we use a two-
step process where data content was separated between an-
alysts and custodians. Content data with project specific ID
numbers were used to merge the non-identifiable AuSCR
content data with the non-identifiable Ambulance content
data by data analysts, thus preserving the privacy.

Our study has some limitations that need acknowledgement.
It is possible that patients who do not recognise their stroke
symptomsmay choose alternate pathways to present to hospital.
Authors of a study from Australia have reported that patient
with less severe stroke symptoms were more likely to use other
means of transport than an ambulance for transportation to
hospital.17 Secondly, not all TIAs that present to hospital are
included in the AuSCR, participation is voluntary, and full
coverage of all stroke cases was not possible, limiting the
generalisability of the findings to Victoria. Though this is the
case, at the time of this study (2017), there were 26 public
hospitals supported by the Victorian government to participate
in the AuSCR. Based on the Stroke Foundation organisational
survey, there were 28/30 public hospitals treating patients with

stroke. Therefore, 93% of Victorian hospitals admit acute stroke
participate in the AuSCR.

Conclusion

We provide evidence for the feasibility of linking ambulance
records to a national stroke registry in an Australian setting.
The ambulance and emergency datasets supplement the in-
formation collected in the AuSCR and can be used to improve
data quality and cross validate the real-world clinical data.
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