










Figure 1 PCSA creation flow diagram.
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PCSAs with LIs between 10 and 30 were reassigned if the
number of votes it sends to itself is less than 67% of the
votes it sends to any other PCSA.

Reallocation procedure
The reallocation procedure for non-contiguity or low LIs
is as follows [20]. The first choice for reassignment was to
a contiguous PCSA which among all contiguous PCSAs
received the highest percentage of votes from the patient
gPOA. If only one contiguous PCSA received votes from
the patient gPOA then this PCSA received the assignment.
If no contiguous PCSA received any votes from the patient
gPOA then the gPOA was reassigned to the closest con-
tiguous PCSA. If more than one contiguous PCSA re-
ceived votes from the patient gPOA then the first and
second gPOAs were tested for ties or to assess if propor-
tions of votes were significantly different – if different the
first choice was retained, if not the nearest contiguous
PCSA of the ties or near ties was chosen.
Figure 1 summarizes the above PCSA creation method

using a flow diagram. Resulting PCSAs were attached to
Australian geographic rurality classification data from
ABS that ranks POAs from Metropolitan to Very Re-
mote over an increasing gradient of rurality [21].

Results
A total of 392 PCSAs were generated from 884 gPOAs.
Figure 2 displays a histogram of Localization Indices of the
PCSAs compared to those in the original patient gPOAs.
Figure 3 displays maps of LIs at PCSAs and LIs at gPOAs
from which the PCSAs were created. While, the median LI
in gPOAs with patients is 38%, the comparable statistic
for PCSAs is 55%.While the LIs became smaller as gPOAs
became more remote, they became larger as PCSAs be-
came more remote (Table 1). Remote Australian PCSAs
are larger in area (mean 19,776 sq. km) compared to
metropolitan PCSAs (mean 117 sq. km) reflecting the lar-
ger size of rural and remote Australian POAs. The median
number of patients in a PCSA was 394. The correlation be-
tween median number of patients and LI Index at PCSAs
is 0.23. A total of 15 PCSAs included gPOAs from outside
NSW, and were identified as border PCSAs. Eighty two
percent of the PCSAs were composed of 2 or less gPOAs.

Discussion
We offer an approach that attempts to appropriately man-
age the sources of instability in creating PCSAs while trad-
ing this robustness for the risk of attributing more gPOAs
to their nearest neighbour than would otherwise be the

Figure 2 The distribution of Localization Indices for PCSAs show higher values for PCSAs.
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Figure 3 PCSAs have higher localization than POAs. Panel a) Localization at PCSAs Panel b) Localization at Postal Areas. The insets display
Localization Indices in Sydney.
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case. This is relevant not only in studies using sample
data, but also in the census data context for example,
complete US Medicare data. We identify patient postcodes
at most risk of being differently allocated by small changes
in aggregate patient flows, and use a conservative alloca-
tion procedure to assign them to neighbours. While some
postcodes may be wrongly assigned the overall impact is
likely to be small since these postcodes usually have a
small number of patients.
We found the same level of localization in PCSAs as

in the USA [12] and Switzerland [13]. This consistency
may be the reflective of certain universalities in the pat-
terns of patient mobility, and should be subject to fur-
ther research. Another finding consistent with US
PCSAs is that localization increases with rurality, a find-
ing which while being intuitive finds further empirical
validation from this study.
Geographic variations in healthcare costs and use have

been brought into the spotlight by the recent debate in the
United States on whether Medicare related incentive costs
should be targeted geographically [22-24]. After a pro-
tracted debate a general conclusion was reached (summa-
rized by the Institute of Medicine Reports [23,24]) that
geographic targeting of incentives in the context of tertiary
care is not the best approach and better methodologies
are required. At no point during the debate however,
was the validity of the methodologies that were used to
create Hospital Service Areas or Primary Care Service
Areas (as opposed to the methods used to analyse data
using these geographies) brought to question underscoring
the solid conceptual and methodological foundations
on which these geographies stand. Indeed, the Health
Resources and Services Administration, an agency of the
US Department of Health and Human Services states “Pri-
mary Care Service Areas (PCSAs) define service areas
across the U.S. and are a useful tool for analyzing the dis-
tribution of health professionals, primary care services and
access to primary care.” Thus it is not surprising that
PCSAs are continually being used to study primary care
relevant issues in the US [14,15].”
We use a survey of people 45 and older linked to ad-

ministrative data to create PCSAs. Since these data are

not a census of the active patient population, there is al-
ways the possibility of bias (our smallest PCSA repre-
sents a population of at least 250 people 45 and over).
While the survey represents 10% of the people in NSW
45 and older and around 4% of the NSW population, of
all people that saw a GP in 2009 more than half were 45
and older [16]. Nevertheless, bias may arise if the geo-
graphical patterns of GP patronage of the sample popu-
lation are not representative of the usage patterns of the
total population in a given area. In the United States
PCSAs were created from Medicare-US data, represent-
ing a population of users 65 and older and validated
against other datasets [12], such datasets however, are
exceedingly difficult to obtain in Australia due to privacy
legislations in Australia [25,26]. Nevertheless, the LIs of
the PCSAs created in this study are in agreement with
what was found in Switzerland and US, which under-
scores their reliability in spite of being created from a
much smaller numerical base than the US and Swiss
PCSAs.
While we use a maximal allocation method for build-

ing these PCSAs following an existing, validated method
with a large literature on research using PCSAs created
using these methods, newer methods of optimization
based regionalization techniques automate some of
the ad hoc parameters used in this method [19,27].
Utilization of these methods remains a possible avenue
of future research.

Conclusion
Patients in New South Wales for many reasons will
travel to obtain GP care. As a result, any studies of util-
isation of PC or attempts to measure PC workforce
shortage need to be designed with an understanding of
the relationship between the area where a patient lives
and the area where they receive most of their PC. This
paper identifies PCSAs for NSW and is the first such
geography for Australia, using a tried and tested meth-
odology with improvements for enhanced robustness.

Consent
This research utilizes secondary data, thus individual
consent was not required.

Endnote
aGoodman et al. have used the term “Preference

Index”. They also used fractions while we use percent-
ages to represent this index.

Additional file

Additional file 1: Appendix 1. MBS Items used for PCSA creation,
Appendix 2. Comparing PCSAs created from different datasets,
Appendix 3. Defining ties.

Table 1 Localization increases with increasing rurality in
PCSAs while rural Postal Areas have lower Localization
Indices

Remoteness
Classification

Mean Localization
Index at PCSAs

Mean Localization
Index at gPOAs

Major Cities 46 37

Inner Regional 62 37

Outer Regional 70 34

Remote 77 20

Very Remote 83 6
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