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ABSTRACT

Objectives While CT scanning plays a significant role in
healthcare, its increasing use has raised concerns about
inappropriate use. This study investigated factors driving
the changing use of CT among people admitted to tertiary
hospitals in Western Australia (WA).

Design and setting A repeated cross-sectional study of
CT use in WA in 2003—-2005 and 2013-2015 using linked
administrative heath data at the individual patient level.
Participants A total of 2 375 787 tertiary hospital
admissions of people aged 18 years or older.

Main outcome measure Rate of CT scanning per 1000
hospital admissions.

Methods A multivariable decomposition model was

used to quantify the contribution of changes in patient
characteristics and changes in the probability of having a
CT over the study period.

Results The rate of CT scanning increased by 112 CT
scans per 1000 admissions over the study period. Changes
in the distribution of the observed patient characteristics
were accounted for 62.7% of the growth in CT use.
However, among unplanned admissions, changes in the
distribution of patient characteristics only explained 17%
of the growth in CT use, the remainder being explained by
changes in the probability of having a CT scan. While the
relative probability of having a CT scan generally increased
over time across most observed characteristics, it reduced
in young adults (—2.8%), people living in the rural/remote
areas (—0.8%) and people transferred from secondary
hospitals (—0.8%).

Conclusions Our study highlights potential improvements
in practice towards reducing medical radiation exposure in
certain high risk population. Since changes in the relative
probability of having a CT scan (representing changes

in scope) rather than changes in the distribution of the
patient characteristics (representing changes in need)
explained a major proportion of the growth in CT use, this
warrants more in-depth investigations in clinical practices
to better inform health policies promoting appropriate use
of diagnostic imaging tests.

INTRODUCTION

CT is one of the most important tech-
nical developments in medicine and is now
an essential part of clinical practice.' * In
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Strengths and limitations of this study

» This study utilised a large-linked administrative data
set over a period of 13 years, allowing the measure-
ment of the contributions of changes in demograph-
ic and clinical characteristics to the changing use
of CT.

» With a rich source of individual level data, this study
identified a wide range of demographic and clinical
factors driving the use of CT in tertiary hospitals.

» Since the decomposition analysis methods only
quantified the contribution of observed factors, con-
tribution of any unobserved factors to the change
of CT use was summed in the constant coefficient.

» Our study was limited to assessing the factors driv-
ing the use of CT scanning in tertiary (teaching)
hospitals, therefore, caution is needed when gener-
alising the results to other settings.

Australia, CT accounted for 13% of diag-
nostic imaging tests with an average of 134
scans per 1000 people in 2017/2018.° * It
is estimated that diagnostic imaging tests
increased the annual effective ionising radi-
ation dose on the Australian population by
50%.” In acknowledgement of the relatively
high radiation burden of diagnostic imaging,
Australia introduced diagnostic reference
levels in 2011 providing a benchmark to facil-
itate monitoring and comparison of radiation
dose between facilities.”

Despite the advanced technology leading
to significant contribution in healthcare, its
increasing use has raised a concern about
inappropriate use. Approximately one-third
of diagnostic imaging tests are estimated to
be unnecessary or inappropriate, with the
potential to do more harm than good and
represent a waste of healthcare resources.” ®
In the case of CT, the potential harm includes
exposure to ionising radiation and the associ-
ated risk of cancer to population. A previous
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study found a high rate of inappropriate CT among older
patients and those with multimorbidity.”

In response to concerns of inappropriate utilisation
of the advanced diagnostic technique, since early 2000,
the Royal Australian and New Zealand College of Radiol-
ogists have provided the standards of practice for clin-
ical radiology.'” In Western Australia (WA), Diagnostic
Imaging Pathways has been deployed to promote appro-
priate use of imaging."' '* Most recently, in 2015, NPS
MedicineWise launched the Australian ‘Choosing Wisely’
campaigns promoting discussion on reducing low value
care,”” changing healthcare provider behaviour and
increasing patient knowledge. The overall intention is
to improve patient safety and efficiency in health service
utilisation."”

While substantial effort is under way to promote appro-
priate use of imaging tests, current data reporting vari-
ation in potentially avoidable diagnostic imaging tests,
particularly for CT over the last decade are limited.” '*°
Recent studies mainly focus on examining the prevalence
of low value care,'® the early trend of procedure uptake in
hospital settings'” and selected spinal imaging'® following
Choosing Wisely campaigns. Therefore, better under-
standing of changes in the use of CT scanning over the
past decade and demographic and clinical factors driving
the change in the use of CT are necessary to support
monitoring the use of CT scanning and to guide future
research and public health interventions. The aim of this
study is to use decomposition analysis to examine factors
driving changes in CT use between two periods of time
in tertiary hospitals in WA: recent (2013-2015) and past
(2003-2005).

METHODS

We conducted an observational repeated cross-sectional
study of CT use in WA in 2003-2005 and 2013-2015
using linked administrative heath data at the individual
patient level. Reporting follows the Reporting of studies
Conducted wusing Observational Routinely-collected
health Data guidelines.'

Data sources

The data sources included three data sets:

1. WA Hospital Morbidity Data System (HMDS) (January
2003-May 2016) providing information on diagno-
sis, date of admission and discharge from all hospi-
tals in WA and basic sociodemographic and clinical
characteristics.

2. WA Emergency Department (ED) presentation data
(January 2003-December 2016) providing details of
presentation time and date, presentation type, triage
code, major diagnostic group and basic sociodemo-
graphic characteristics.

3. WA picture archiving and communication system
(PACS) data (January 2003-May 2016) providing
documentation on all CT scans conducted in tertia-
ry including date of the scan, and the CT protocols

used. All the data sets were linked using probabilistic

matching algorithms with a level of data accuracy up

t0 99.9%.%*

Details of data linkage process are presented in the
website of WA Data Linkage (https://www.datalinkage-
wa.org.au/dlb-services/linkage/).

Study population

The study population consisted of all hospital admissions
in all four tertiary (teaching) hospitals located centrally in
Perth, which accounted for nearly 50% of admissions in
public hospitals, in WA between 2003 and 2015 inclusive,
for people aged 18 years and older. Non-tertiary admis-
sions (ie, admission from secondary (district general)
hospitals) were excluded as CT scans performed in the
hospitals are not consistently included in the PACS data
set. The study population was then constructed into two
study periods; past period (2003-2005) and recent period
(2013-2015). To avoid overcounting hospital admissions,
for example, where a patient was transferred between
hospitals, consecutive tertiary hospital admission records
for an individual were aggregated into a single hospital
admission where admission or discharge dates were nested
or overlapping, or where an admission date was within 1
day of the discharge date. A tertiary hospital admission
was counted from the first date of admission in a tertiary
hospital-or where applicable—the date of a prior associ-
ated tertiary ED presentation so long as it resulted in an
admission, to the last discharge date in tertiary hospitals.

Patient and public involvement

This study used linked administrative health data of all
tertiary hospital admissions of people aged 18 years or older.
The patients were not directly involved in the design or
conduct of this study. Our consumer representative (Mr John
Stubbs) was involved in the design of the grant application
used to fund this research and is a member of the research
team providing ongoing input to analysis of the data, inter-
pretation of the results and development of publications.
The WA Data Linkage Branch and the data custodians of
the WA ED Data Collection and the PACS data provided data
for this project.

Outcome measures

The outcome measure of this study was the number of CT
scans performed within a tertiary hospital admission. The
number of CT scans was counted from the first day admitted
to a tertiary hospital/presentation to a tertiary ED until
the last date of discharge for that admission. To avoid over-
counting the use of CT, multiple CT records with the same
day and same anatomic areas were collapsed into one CT
event.”

Independent measures

This study measured basic demographic and socioeconomic
characteristics including age (18-44, 4564, 65-74 and 75+
years), sex, indigenous status, residential remoteness classi-
fied according to Accessibility Remoteness of Australia Index
(ARIA)* (major cities, inner regional areas, outer regional
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areas, remote and very remote) and quintiles of the Census-
specific Socio-economic Indexes for Areas (SEIFA) index of
relative socioeconomic disadvantage® (least disadvantage,
less disadvantage, moderate disadvantage, high disadvantage
and highest disadvantage).

Clinical characteristics included major clinical diagnostic
groups and the number of morbidities. Major clinical diag-
nostic groups included mental and behavioural disorders,
circulatory system, digestive system, endocrine, nutritional
and metabolic diseases, musculoskeletal system, respiratory
system, injuries and neoplasms. The conditions were identi-
fied in the principal diagnostic field of the hospital morbidity
data record using ICD-AM-10 (the International Statistical
Classification of Diseases and Related Health Problems,
10th Revision, Australian Modification). Multimorbidity was
ascertained using the Multipurpose Australian Comorbidity
Scoring system® using ICD-AM-10 across all diagnostic fields
and was classified into 0-1, 2-5 and 6+ comorbidities. In
addition, an admission was classified as having had a surgical
procedure where the principal procedure field included
one of the 20 most common surgical procedure as per ACHI
codes (the Australian classification of health intervention).?®
Other independent measures included funding source
(public or private), admission type (elective or unplanned
admission) and admission with/without a transfer from
secondary hospitals.

Statistical analysis

Descriptive analysis was conducted to examine the distri-

bution of sociodemographic and clinical characteristics of

the study population over two study periods; past period

(2003-2005) and recent period (2013-2015) as well as the

whole study population (2003-2015). Multivariable decom-

position for non-inear response models, an extension of

Oaxaca-Blinder decomposition analysis,27 was conducted to

decompose the differential rate of CT use between the two

study periods into the endowment (distribution of observed
patient characteristics) and effect (relative probability of
having CT scan) components:

1. The endowment component quantifies the amount of
the difference in the rate of CT use is explained by
the changes in the distribution of observed sociode-
mographic and clinical characteristics between the two
study periods.

2. The effect component describes how much of the dif-
ference in the rate of CT scanning is explained by a
change in the relative probability of having CT across
observed characteristics.

We conducted decomposition analyses for all tertiary
admissions and for unplanned tertiary admissions sepa-

rately using STATA SE V.14.%

RESULTS

Characteristics of tertiary admissions with CT scan by study
periods

Of a total of 2 375 787 tertiary hospital admissions over
the 12-year period (2003-2015), 303 439 admissions

(12.8%) had at least one CT scan. The proportion of
admissions incorporating CT increased from 8.9% in the
past period (2003-2005) to 16.6% in the recent period
(2013-2015) (table 1). Overall, there was a small change
in the distribution of both demographic and clinical char-
acteristics among admissions that included CT between
the two study periods. For example, the proportion of
the patients who had a CT scan and were in the older
age group (7b+ years) increased from 30.3% to 32.7%
and people living in major cities with CT increased from
82.5% to 88.3% between the past and recent period.
Similarly within clinical characteristics, multimorbidity
(6+ morbidities) accounted for 27.8% of admissions with
CT in the past period compared with 28.8% in the recent
period. Among major diagnostic groups in the past
period, injuries, circulatory system, cancer and digestive
system accounted for 15.5%, 15.2%, 11.7% and 10.9% of
admissions with CT, compared with 18.8%, 13.1%, 7.9%
and 11.2% in recent period. For other characteristics,
admission with CT in the recent period had a higher
proportion of unplanned admission (90.1% vs 86.8%)
and private funding sources (21.0% vs 7.7%) compared
with the past period.

Decomposition results for the use of CT over the two periods
The results of the decomposition analysis of the differ-
ence in average number of CT scans between the two
periods for all tertiary admissions and unplanned at
the aggregated level are presented in figure 1 (detail in
online supplemental appendix table 1A,B). The differ-
ence in the rate of CT scans between two periods was 112
scans per 1000 admissions (95% CI, 110; 114 per 1000
admissions, p value <0.001) for all tertiary admission and
117 scans per 1000 admissions (95% CI, 112; 120 per
1000 admissions, p value <0.001) for unplanned tertiary
admissions. While the change in the number of CT scans
per admission across the two analyses was not substan-
tially different, a marked difference in the results of the
decomposition analysis was observed. Figure 1 shows that
62.7% of the difference in CT use for all tertiary admis-
sion was explained by variation in the distribution of all
observed characteristics. The rest of the difference in CT
usage was attributable to variation in the relative proba-
bility of having CT in observed characteristics and unob-
served factors (captured in constant coefficient).

In contrast, when the analysis was restricted to
unplanned admissions, the variation in the distribution
of the observed characteristics explained only 17% of the
difference in CT use between two periods, while 82.7%
was due to variation in the relative probability of having
CT across observed and unobserved factors.

Details of decomposition analysis for all tertiary admissions

Figure 2 presents decomposition analysis in details of
all observed demographic and clinical characteristics.
Overall, changes in the distribution of the demographic
characteristics including sex, indigenous status, age,
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Figure 1
admissions. (B) Unplanned tertiary admissions.

SEIFA and ARIA explained only —0.8% of the change in
CT use. Change in the distribution of the clinical charac-
teristics including major principal diagnoses and groups
of morbidities accounted for 12.4% of the change in CT
use. Half of this change (6.1%) was attributable to multi-
morbidity (six or more morbidities) and 4.7% was due to
injuries.

Percentage
5

Decomposition of the difference in number of CT scans between two periods

Decomposition analysis of the difference in average number of CT scans between the two periods. (A) All tertiary

Over the study period changes in the relative prob-
ability of having a CT scan over the observed patient
characteristics resulted in a 6.8% increase in the rate of
CT scanning, while changes in the distribution of the
characteristics of the observed patient characteristics
reduced the rate of CT scanning by 2.6%. Interestingly,
the relative probability of having a CT scan for those
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with young age was significantly lower than in the past
period contributing 2.8% reduction in the number of CT
scan between the two periods. In addition, the relative
probability of having CT was higher for those identified
as living in major cities in the recent period compared
with the past period, and lower for people from remote/
very remote areas in the recent period compared with the
past period. The contribution of each component to the
difference in the number of CT’s per admission between
the two periods was 5.5% (p value=0.02) and -0.8% (p
values <0.001), respectively.

For clinical characteristics, the results indicated a lower
relative probability of having a scan during a tertiary
admission in the recent period compared with the past
period for all the diagnostic groups, with the exception of
those admitted for injuries and endocrine disorders. The
increase in patients with multimorbidities (2-5 comorbid-
ities) contributed 3.2% to the difference between the two
periods.

For other factors, the relative probability of having a
CT scan following transfer from a secondary hospital in
the recent period was significantly lower than in the past
period, contributing 0.8% reduction to the rate of CT
scan between the two periods. A lower relative probability
of having a CT scan in the recent period compared with
the past period for unplanned admission contributed

-4.9% to the difference in CT use between the two
periods. Unobserved factors captured in the constant
coefficient contributed to 41.8% of the variation in CT
usage between the two periods.

Details of decomposition analysis for unplanned tertiary
admissions
Similar to all tertiary admissions, the results for unplanned
admission (figure 3) indicated that a substantial propor-
tion of variation in CT use between the two study periods
(10.0%) was attributable to changes in the distribution of
the observed clinical characteristics including multimor-
bidity and major diagnostic groups. However, changes in
the distribution of the observed demographic characteris-
tics such as age, sex and accessibility between two periods
only explained a total of -0.5% the change in CT use.
For the specific effect component, a similar finding
was also observed in unplanned admissions. Specifically,
a lower relative probability of having a CT scan for those
in the youngest age group (18-44 years) was observed in
the recent period compared with the past. Likewise, a
lower relative probability of having CT scan in the recent
period versus the past period was observed among those
admitted for condition such as circulatory, cancer and
respiratory; this accounted for -3.8%, -3.7% and -2.7%
of the difference in CT use. The relative probability of
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Figure 3 Details of decomposition analysis of the difference in average number of CT scans between the two periods for
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having a CT scan after transfer from a secondary hospital
in the recent period was lower than in the past, contrib-
uting -7.5% to the change in the number of CT scans
between the two periods.

DISCUSSION

This is the first study to examine the contribution of demo-
graphic and clinical characteristics to changes in the rate
of CT scanning in tertiary hospitals using multivariable
decomposition analysis of linked health administrative data
over an extended period of time. We found that nearly two-
thirds of the increase in the use of CT was attributable to
changes in the distribution of observed characteristics, with
changes in proportion of unplanned admissions accounting
for the largest component. However, when the analysis was
restricted to unplanned admissions, changes in distribution
of the observed characteristics only explained about a fifth
of the difference in CT usage and the rest was explained
by the effect component. In both decomposition analyses,
clinical characteristics (12.4% in all admissions and 10% in
unplanned admissions) including major diagnostic groups
and comorbidities rather than demographic characteristics
contributed substantially to explain the variation in CT use
between the two periods. Interestingly, our study observed a
lower relative probability of having a CT scan in the recent
period (2013-2015) compared with the past period (2003-
2005) in two subgroups: young adults, which may reflect a
movement towards minimising medical radiation exposure
in the high risk population, and admissions transferred from
secondary hospitals, reflecting either a reduction in inappro-
priate repeat imaging tests or greater access to CT in non-
tertiary hospitals.

Arecent study examined factors driving the increasing use
of CT scan in Australia with a focus on the use of CT outside
of the public hospital setting,”® which accounted for 73% of
adult CT scans.” Although the study also used the decom-
position analysis approach, the only endowment component
captured in this study was changes in the population age
structure; the rest of the difference in CT use was captured
in the number of CT scans per capita. The study found that
a change in the number of CT scans per capita, interpreted
as a ‘scope shift’, rather than changes in the population age
structure accounted for a major component in the change
of CT use outside hospital settings over the period 1993—
2013.*® The previous study used changes in age structure
as a marker of changes in need (eg, an ageing population),
which had been postulated as the reason for increasing CT
scanning rates. The finding that changes in the age structure
was responsible for only a small proportion of the rate of CT
use suggested that ‘scope shift’ (ie, changes in the practice of
CT) was driving the rate of use. Our findings again confirmed
that the impact of changing in age structure (ie, increasing
proportion of older people) was not a major driver of the
use of CT scanning. In addition, by using multivariable
decomposition analysis, our study provides a more compre-
hensive picture of the contribution of various demographic,
clinical and other observed factors driving the change in CT

use in the hospital setting. This is because our analysis was
able to differentiate the influence of changes in the distribu-
tion (endowment component) from changes in the relative
probability of having CT (effect component) across a large
range of observed factors. Our study adds to the literature by
showing thatitis the change in distribution of comorbidities
and clinical conditions which are often highly prevalent in
the older population rather than the age of the population
itself that contributed the largest component to the growth
of CT use. This indicates the need of strengthening public
health interventions to promote healthy ageing to reduce
the burden on healthcare systems.

Our study found that while many observed factors drive
the increase of CT use, the change in the relative probability
of having CT scan in the young age group and in those with
admissions transferred from secondary hospitals (once the
variation in the distribution of these factors was accounted
for) reduced the use of CT in the recent period compared
with the past period. These finding are encouraging as they
confirm a reduction in two groups where there has been
concern regarding inappropriate imaging. The results coin-
cide with the goals of education campaigns to raise provider
awareness of the risk of ionising radiation, especially among
children and young adults.*** Since children and young
adults are more sensitive and have more years to develop
radiation-induced cancer,”” *' radiologists have become
more cautious and may have taken care to minimise unnec-
essary CT scanning.

Despite challenges due to the vast geographical spread
of Australia, over the last 15 years, diagnostic imaging
services have become more accessible to patients in
both major cities and rural areas within a timely and a
reasonable distance from their home.*' A report in 2012
shows that more than 90% of Australians can get access
to a comprehensive diagnostic imaging facility within a
distance of 100 km from their residential areas” and up
to 80% of patients have access to a CT machine within
10 km.*' Between 2003 and 2018, Australia increased the
rate of CT equipment per head of population from 40.6
to 67 per million.” ** The government also provided a
diagnostic imaging bulk billing incentive from November
2009 that increased the accessibility to the service through
improving patient affordability. In addition, the govern-
ment endorsed the diagnostic imaging review reform
package in 2011 and implemented it between 2011 and
2016, funded through the Medicare Benefits Schedule.
One of the package objectives was to ensure accessibility
to quality diagnostic imaging services for people in rural
and remote areas. In addition, the package also aimed
to promote for effective communication between prac-
titioners and imaging service to ensure appropriate
imaging.” The increasing availability and accessibility of
diagnostic imaging, in particular to CT scanners, raised
concerns of potential overuse of CT scans increasing radi-
ation exposure to patients and contributing additional
costs to the healthcare system."”” However, we found that
the relative probability of having CT scan in tertiary
hospitals for people living in remote and very remote
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areas in the recent period was less than in the past period.
Although the magnitude of the variation was small, it
accounts for significantly lower use of CT scan in tertiary
hospitals. Likewise, the rate of CT scan among admissions
transferred from the secondary hospital in the recent
period was also less than in the past period. This would be
consistent with government efforts to ensure accessibility
of diagnostic imaging service in rural and remote areas as
well as improved information transfer between hospitals.
Previous studies have highlighted the important role of
image sharing technology in improving provider access
and avoiding duplication of investigations.” " However,
a recent study found that repeat CT scanning is relatively
common for patients already imaged prior to transfer to a
tertiary hospital, although there was a valid clinical reason
for repeat scanning in the majority of cases.'” Despite
signs of improvement in our study, further detailed explo-
ration is required to establish the proportion of avoidable
repeat scans and therefore the potential benefit in terms
of reduced radiation exposure and costs.

This study has a number of limitations, largely due to
the nature of linked administrative data. This study only
decomposed the difference in CT use between the two
study periods based on the available observed characteris-
tics available in the administrative data. Thus, the contribu-
tion of unobserved factors was not addressed in this study,
although they are captured in the constant value. This study
only captured the use of CT in tertiary hospitals because we
did not have comprehensive data on CT use in non-tertiary
settings, limiting our ability to determine whether the lower
relative probability of having CT in the recent period in
some subgroups was due to changes in practice or increasing
accessibility of CT in other healthcare settings. While the
linked administrative data can comprehensively capture
use of health services over time without loss to follow-up,
information about clinical information is limited to rela-
tively high-level diagnostic codes recorded in the HMDS.
Therefore, our study cannot provide information about the
proportion of scans that were justified.

In conclusion, the use of CT in tertiary hospitals
increased between the two study periods in keeping with
international trends. This is primarily due to changes in
the distribution of unplanned admissions and the clinical
characteristics of presenting patients rather than changing
demographic characteristics. Among unplanned admis-
sions only, changes in the relative probability of scan-
ning were the major drivers of CT use, with the largest
component of this relating to unobserved factors. In both
results, clinical characteristics appear to be substantial
component driving the growth of CT usage in the tertiary
hospital setting, while the role of demographic character-
istics was minimal. Our study also highlights a potential
improvement in practice towards reducing medial radia-
tion exposure through a decrease CTs in subpopulations
such as young adults and in those admitted via transfer
admission from other hospitals. While the finding is
limited to tertiary settings, the method used in our study
can be applied in a broader context to characterise major

factors driving the use of CT scanning as well as the use
of diagnostic imaging tests. Our study may assist to iden-
tify areas worthy of more in-depth investigations to better
inform health policy-makers and interventions promoting
appropriate use of diagnostic imaging tests.
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