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he benefits of using linked
I administrative data in health-
related research were recog-
nised by the Australian Government
through the National Collaborative
Research Infrastructure Strategy
Roadmap in 2006." This roadmap
outlined a multimillion dollar in-
vestment strategy in national capa-
bility for data linkage, which led to
the establishment of the Population
Health Research Network (PHRN) to
coordinate and champion this initia-
tive.? The purpose of the PHRN was
to establish data-linkage units in all
Australian states, support the imple-
mentation of secure data delivery and
the provision of remote-access labora-
tories for researchers, and to develop
the Centre for Data Linkage (CDL)
for national and cross-jurisdictional
linkage.

The CDL was established within
the Centre for Population Health
Research at Curtin University in
Western Australia. It provides the
data linkage infrastructure neces-
sary for cross-jurisdictional linkage
of health-related data in Australia,
and uses a best-practice data “sepa-
ration principle”. Under this prin-
ciple, the process of data linkage
is kept separate from the analysis
of linked service data. Currently,
projects requesting data linkage to
Australian Government datasets,
such as Medicare or Pharmaceutical
Benefits Scheme data, must go
through a risk-assessment process. If
the risk to data security is found to be
high, data linkage must be conducted
through an Australian Government-
accredited integrating authority.

Four “proof-of-concept” projects
were selected to demonstrate the
effectiveness of increased data link-
age capacity in supporting nationally
significant health research.?

Here, we present findings from the
first of these projects that explored
how cross-jurisdictional linkage
can inform the nature and extent
of cross-border hospital use and
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Abstract

patient movement patterns.

\involving mobile populations.

Objective: To determine the quality and effectiveness of national data
linkage capacity by performing a proof-of-concept project investigating
cross-border hospital use and hospital-related deaths.

Design, participants and setting: Analysis of person-level linked hospital
separation and death registration data of all public and private hospital
patients in New South Wales, Queensland and Western Australia and of
public hospital patients in South Australia, totalling 7.7 million hospital
patients from 1 July 2004 to 30 June 20009.

Main outcome measures: Counts and proportions of hospital stays and

Results: 223262 patients (3.0%) travelled across a state border to attend
hospitals, in particular, far northern and western NSW patients travelling
to Queensland and SA hospitals, respectively. A further 48 575 patients
(0.6%) moved their place of residence interstate between hospital visits,
particularly to and from areas associated with major mining and tourism
industries. Over 11000 cross-border hospital transfers were also identified.
Of patients who travelled across a state border to hospital, 2800 (1.3%)
died in that hospital. An additional 496 deaths recorded in one jurisdiction
occurred within 30 days of hospital separation from another jurisdiction.

Conclusions: Access to person-level data linked across jurisdictions
identified geographical hot spots of cross-border hospital use and hospital-
related deaths in Australia. This has implications for planning of health
service delivery and for longitudinal follow-up studies, particularly those

hospital-related deaths. A second-
ary aim was to evaluate the impact
that cross-jurisdictional linkage had
on estimating hospital standardised
mortality ratios; these findings will
be published separately.

Typically, single-jurisdiction stud-
ies investigating hospital use and
hospital-related deaths have been
unable to account for patients cross-
ing state borders. This is problematic
for densely populated border regions
like northern New South Wales, for
example, where patients are likely
to attend specialist hospitals in
Queensland.

This is the first Australian study to
combine hospital and death data
from multiple jurisdictions at the
person level. A national data-linkage
approach was used to bring together
all of the hospital and death records
of individuals, even when they
crossed state borders. Linked hospital
discharge and death registration data
from NSW, WA, South Australia and
Queensland were used in this study.

Methods

This was a retrospective cohort
study of all people who separated
from a hospital in NSW, WA, SA or
Queensland from 1 July 2004 to 30
June 2009. Hospital separation records
and death records were available for
both public and private hospitals in
NSW, WA and Queensland, but only
public hospital records were available
from SA.

Ethics approval was granted by
human research ethics committees
of the WA Department of Health,
Curtin University, SA Department of
Health and Ageing, NSW Population
and Health Services, and Queensland
Health. The extensive negotiation and
approvals process required to con-
duct this study commenced in 2009.
At that time, data from Victoria, the
territories and Tasmania were una-
vailable for linkage. Datasets from
NSW, Queensland, WA and SA con-
taining the CDL-generated national
linkage key were delivered to the
analyst in late 2013.
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Data sources

NSW: The NSW Health Department
Admitted Patient Data Collection in-

1 Number of acute care hospital stays per 10 000 hospital stays recorded for travellers
by their state of residence and the jurisdiction of the receiving hospital and, for movers,
by the state of residence before moving and the jurisdiction of the hospital stay after
moving, 1July 2004 to 30 June 2009

cluded inpatient records from all NSW
private, public, psychiatric and repa-

triation hospitals and multipurpose Original place

services and day-procedure centres. of residence NSwW WA QLD SA NSwW WA QLD SA
NSW data were provided through the NSW - i 221.6 419 - 13.3 33.0 12.8
Centre for Health Record Linkage. WA 41 - 43 88 33 - 6.7 8.2
SA: Hospital separation data were LD 751 93 - 12 147 12 ~ 106
provided through SA-NT DataLink. SA 44 43 >0 B 18 4.2 3.2 -
Data on SA public hospital inpatient hLSh e o7 A2 12 ] 08 e 20
separations from the Integrated South TAS* 26 15 31 26 01 01 0.2 Ol
Australian Activity Collection includ- NT* 22 5.7 6.5 60.4 0.2 08 0.5 18
ed all SA inpatient records from pub- ACT* 239 07 19 1.6 08 0.1 02 01
lic acute and psychiatric hospitals. Total 1809 423 2629 1938 220 30.5 44.9 357

Data from SA private hospitals were
unavailable at the time of the study.

WA: The WA Hospital Morbidity
Data System collects inpatient data
from public and private acute and
psychiatric hospitals and private day-
surgeries.* All data were obtained
from the WA Department of Health.

Queensland: The Queensland
Hospital Admitted Patient Data
Collection includes all admitted
patient separations from public hos-
pitals, public psychiatric hospitals,
licensed private hospitals and day-
surgery units.

Death records were obtained from
the four jurisdictional Registries of

Hospital stays by travellers

Post-move hospital stays by movers

NSW =New South Wales. WA = Western Australia. QLD = Queensland. SA = South Australia. VIC = Victoria. TAS = Tasmania.
NT =Northern Territory. ACT = Australian Capital Territory.

*Data pertaining to patients resident in the four non-participating jurisdictions were complete for travellers if they were
admitted to a hospital in any of the four participating jurisdictions. The estimated number of hospital stays for movers from
non-participating jurisdictions is an underestimation, as most hospital stays before they moved would likely have been based
in the non-participating jurisdiction for which no data were available.

Births, Deaths and Marriages accord-
ing to state-based data-access mecha-
nisms. The linkage of over 44 million
records was undertaken by the CDL;
details are described elsewhere (man-
uscript submitted).

Data cleaning

After linkage, de-identified data were
supplied to the research team. The

data underwent extensive cleaning
and manipulation. Variable names
and variable coding were standard-
ised across the datasets by using the
lowest common denominator. For
example, NSW hospital separations
data included a hospital peer group
variable with 23 categories whereas
SA supplied eight categories, so NSW
categories were collapsed to match
the SA categories.

2 Number of acute care stays in hospitals in New South Wales, Western Australia, Queensland or South
Australia by the statistical local area (SLA) of residence of travellers (A)* and movers (B)'

Haspital stays Hospital stays
A ) 10000 <s0000 B 400 t0<1000
. 4 e 5000 to<10000 2000 <400
oA 000 to <5000 150 10<200
- : 800 to <1000 . 100 to <150
i £00 to <800 80 to <100
B 400 to <600 m B0 to<80
e 200 to <400 i 8 40 to<60
. & 100 to <200 ¥ S 20to<40
. o S0t <i00 " ! m 10 to <20
- . 3 1010 <50 . I pd:. | 50<D
+a o <) .- ; to<
,:Iu j 513 Oto<10 R E, . “gi'*',_ 0to<5
o (\J . {T} i
B . = :
. P :
i  a

*Density of shading is attributed to the SLA of residence of the traveller. f Density of shading of post-move hospital stays is attributed to the SLA of the
pre-move residence.

Note that the number of movers is not directly comparable with the number of travellers because movers had to have had at least two hospital stays in
5 years, whereas travellers could have had only one hospital stay. SLAs of states that did not provide data for this study are shaded because residents
living in these SLAs travelled to a hospital within the four participating states. Hospital stays for movers from non-participating jurisdictions will be
underestimated as most pre-move hospital stays would have been based in the non-participating jurisdiction.
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3 Number of hospital stays involving cross-border hospital transfers and cross-border
registered deaths within 30 days of separation from the last hospital stay, 1July 2004 to

30 June 2009
Jurisdiction Cross-border hospital transfers Cross-border 30-day deaths
of sending/ (jurisdiction of receiving hospital) (jurisdiction of death registration)
last hospital
stay NSW WA QLD SA Total NSW WA QLD SA Total
NSW — 12 8114 1316 9442 7 196 25 228
WA 27 — 26 12 65 <5 - <5 <5 9
QLD 1258 8 — 12 1278 219 <5 — 12 234
SA 299 24 — 331 <20 <5 <5 — 25
Total 1584 28 8164 1340 11116 239 12 205 40 496

NSW = New South Wales. WA = Western Australia. QLD = Queensland. SA = South Australia.

South Australia*

4 Source of cross-border hospital transfers
recorded over 5 years between New South Wales
(enlarged), Western Australia, Queensland and

Hospital transferc

1000 to <2000

100to <1000

1010 <100
| 2w<10

1t
0to<l

*Density of shading is attributed to the statistical local area (SLA) of
residence of transferred patients. ¢
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The data were standardised as much
as possible to improve the validity of
jurisdictional comparisons. Duplicate
episodes of care that arose under
contracted arrangements between
hospitals where one hospital pur-
chased hospital care from another
were removed if this had not already
been done by the data custodians.
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Episodes of care that were missing
vital data such as age, sex, principal
diagnosis or mode of separation were
excluded, as were separations indi-
cating that the health care facility was
not a hospital or that a procedure had
been cancelled. These types of juris-
dictional differences were identified
through systematic cross-checking
and with reference to published
metadata and local expertise. In some
cases it was impossible to reduce this
heterogeneity. In NSW, for example,
deaths in hospital emergency depart-
ments were included as in-hospital
deaths whereas this was not the case
for the other three jurisdictions. There
was no way to identify NSW deaths
in emergency departments within the
datasets used for this study. Overall,
1.44 million records were excluded
during the standardisation process.
Further details about the data clean-
ing and standardisation are available
on request.

Variable definitions

Hospital transfer was defined as
an episode of care with a separation
mode value that indicated either
transfer to another acute hospital or a
statistical discharge within the same
hospital. Up to 48 hours was allowed
for a patient to transfer from one
hospital to another. Transfer sets (se-
quences of transfer episodes of care
that made up the completed hospital
stay for an individual) where the first
episode of care was not an acute care
admission were excluded. Transfer
sets involving a transfer from a hos-
pital in one jurisdiction to a hospital
in another jurisdiction were referred
to as cross-border hospital transfers.

Hospital stays of interest were de-
fined as having had:

® an acute care type for single epi-
sodes of care and for the first epi-
sode of care of a hospital transfer
set;

¢ ahospital stay separation date in
the period 1 July 2004 to 30 June
2009;

® atotal length of stay of less than
365.25 days;

® an Australian postcode of resi-
dence (excluding island territo-
ries) for the patient involved;

® complete demographic informa-
tion for the patient involved; and

¢ aprincipal diagnosis or principal
procedure code and mode of sepa-
ration recorded.

This definition of hospital stays was
designed to match that typically used
when estimating hospital standard-
ised mortality ratios, a secondary aim
of this project.

Hospital-related deaths were de-
fined as deaths occurring between
the day of hospital admission and 30
days after separation from hospital. If
the jurisdiction where the death was
registered was different from the ju-
risdiction of the last hospital stay, the
death was considered a cross-border
30-day death.

Defining patient cross-border
hospital flows

Travellers were defined as patients
who crossed a jurisdictional border
to attend the hospital. For example, a
patient separating from a NSW hos-
pital with a residential postcode of
6102 would be classified as a WA to
NSW traveller.

Mowvers were defined as patients who
had: (i) had at least two hospital stays
in more than one jurisdiction with
the postcode of residence matching
the jurisdiction of the hospital (eg,
a patient who had a NSW hospital
stay recorded with a 2234 postcode
of residence in 2004 followed by a
WA hospital stay record with a 6102
postcode of residence in 2007); or
(ii) had a previous hospital stay as a
traveller in any jurisdiction followed
by a hospital stay in the jurisdic-
tion of residence, provided that the
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residential jurisdiction was not the
same as the previous hospital stay as
a traveller (eg, a patient who lived in
the Northern Territory and travelled
to Adelaide for a hospital stay whose
next hospital stay was also in SA, but
whose residential postcode indicated
the patient had since moved to SA).

Mapping of cross-border
patient flows

Spatial data were used to create
choropleth maps to visually dem-
onstrate cross-border patient flows.
Residential postcodes of patients
who had had hospital stays were
assigned to a 2006 Statistical Local
Area (SLA) and a weighting was ap-
plied such that the number of hospital
stays within a postal area was mul-
tiplied by the relative proportion of
the postcode that fell within an SLA
boundary. All data manipulation and
mapping was performed with Stata
13 (StataCorp).

Results

There were almost 19 million
acute care hospital stays involving
7.7 million patients in NSW, WA,
Queensland and SA hospitals over
the 5 years from 1 July 2004 to 30 June
2009 that were brought together us-
ing a national linkage key. NSW and
Queensland had the largest number
of hospital stays and patients. There
were relatively fewer hospital stays
in SA because private hospital data
were unavailable. NSW recorded the
highest proportion (4.9%) and WA the
lowest proportion (3.6%) of hospital
transfers over the 5-year study pe-
riod. The median number of hospital
stays per patient over 5 years was one
(interquartile range, 1-3 stays).

Travellers

There were 223262 individuals (3.0%)
who had 352969 acute care hospital
stays (1.9%) recorded as a traveller,
although the proportion varied geo-
graphically. Of the four jurisdictions,
NSW was the source of the largest
number of hospital stays by travel-
ling residents (140246), with 93.5%
(131149) travelling to Queensland
hospitals. Queensland and SA re-
ceived the highest proportions of
travelling patients (Box 1). Patients

living in Victoria accounted for rela-
tively high proportions of hospital
stays in SA, Queensland and NSW.

WA received the lowest number of
travelling patients. Geographical
regions where travellers to NSW,
Queensland, SA or WA hospitals
lived were clustered in northern and
western NSW, northern and western
Victoria, central Australia, Arnhem
Land in the NT and the major capital
cities (Box 2A).

Movers

There were 48575 individuals (0.6%)
with hospital stays recorded as resi-
dents in two or more jurisdictions
over the 5-year study period. This
group moved 59387 times over the
5 years. Queensland hospitals had
the highest proportions of hospital
stays by movers over the 5-year study
period (0.45%), with most coming
from NSW. Hospitals in NSW had
the lowest proportion of hospital
stays by movers, less than half that
of Queensland hospitals (0.22%).

The geographical distribution of
movers differed to those of travel-
lers (Box 2B). Patients who moved
tended to live in regions typically
associated with the mining indus-
try, such as Mt Isa and the Bowen
Basin in Queensland and the Pilbara,
Gascoyne, Kimberley and Kalgoorlie
regions of WA. Movers were also
more prevalent from important tour-
ist regions, such as the Coral Coast
in WA, Tropical North Queensland,
and the Whitsunday Islands and
Capricorn Coast in Queensland.
When population density was taken
into account, rural and remote areas
tended towards having higher pro-
portions of movers compared with
major metropolitan areas (map not
shown).

Cross-border hospital transfers

Over 11000 acute care hospital trans-
fers across state borders of the four
jurisdictions were identified (Box 3).
NSW was the source of origin for most
hospital transfers among these four
jurisdictions (Box 4) and Queensland
and SA received most of the NSW pa-
tients being transferred. WA received
fewest cross-jurisdictional hospital
transfers.

Cross-border hospital-related
deaths

There were 206721 in-hospital deaths
observed in the 5-year study period
and, of these, 2824 (1.4%) were in-hos-
pital deaths of travellers who died in
a jurisdiction different from that of
their normal residence. Of the 66 324
deaths that occurred within 30 days
of separating from hospital, 496 (0.7%)
occurred in a different jurisdiction
to that of the last separating hospital
(Box 3).

Discussion

Cross-jurisdictional person-level
linkage of hospital records and death
registrations identified patterns of
hospital use in Australia that have
not been measured previously. From
1 July 2004 to 30 June 2009, 3% of all
hospital patients had travelled across
a state border before an acute care
hospital stay. These finding have im-
portant implications for both health
services planning and the ability to
evaluate patient health outcomes
in these border regions accurately.
Longitudinal health studies that
rely on administrative data from a
single jurisdiction for hospital mor-
bidity and mortality (in-hospital and
within 30 days of leaving hospital)
outcomes are at risk of follow-up bi-
ases for participants living in border
regions, particularly in northern and
western NSW, Victoria and the NT.

In this study, we followed hospital
users who moved their place of resi-
dence between jurisdictions over the
study period. Based on the residen-
tial location before the move, movers
included a subpopulation of workers
or residents of mining and tourism
areas of Australia. This suggests that
cross-jurisdictional linkage could be
of great benefit to studies looking at
occupational exposures and health
outcomes that require long follow-
up periods.

Only four jurisdictions were included
in our study, but there was evidence
that many Victorian patients travel
to hospitals in other jurisdictions,
particularly those living close to SA
and NSW borders. Residents of the
NT were also mobile when attend-
ing hospitals. A complete national
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approach to cross-jurisdictional
linkage would markedly increase
the ability to answer questions about
the whole of Australia, and gain in-
depth knowledge of the variation
between all jurisdictions.

Currently cross-jurisdictional data
are received in a variety of formats
and coding schemes that required
extensive cleaning and standard-
ising. Some records and variables
were not supplied by some jurisdic-
tions at all (eg, private hospital data
in SA). This heterogeneity in data
arises for various reasons, including
differences in jurisdictional legisla-
tion, operating environments and
the coding practices of state-based
custodians.

Future research would benefit from
the development of national meta-
data and standard definitions that
would enable data across jurisdic-
tions to be more readily integrated
and understood. A major advan-
tage would be greater confidence
by data custodians that their data
were being used and interpreted cor-
rectly by researchers. In our study,
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for example, a direct comparison
of hospital mortality rates across
jurisdictions would be misleading
without considering that deaths
in emergency departments were
included in NSW hospital data, but
not in those of the other jurisdictions.

A more centralised approach to
standardising data definitions
would also provide long-term effi-
ciency gains. While considerable
resources and cooperation would be
needed to establish such a standard,
the time and savings in project-based
research funding would be signifi-
cant in the long term.

Access to person-level administra-
tive data that have been linked across
jurisdictions adds complexity and
heterogeneity to the research pro-
cess. The advantages include more
complete follow-up, increased ability
to study rare outcomes or disease,
and to study geographically active
populations. For policymakers, gov-
ernments and health care provid-
ers, cross-jurisdictional linked data
could provide a more accurate and
cost-effective use of existing data

collections for evaluating patient
outcomes and health care service
use, particularly where these are
located near borders.
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