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ABSTRACT
Objective This study aimed to examine trends in number 
of CT scans requested by tertiary emergency department 
(ED) physicians in Western Australia (WA) from 2003 
to 2015 across broad demographic and presentation 
characteristics, anatomical areas and presented 
symptoms.
Design An observational cross- sectional study over study 
period from 2003 to 2015.
Setting Linked administrative health service data at 
individual level from WA.
Participants A total of 1 666 884 tertiary hospital ED 
presentations of people aged 18 years or older were 
included in this study
Main outcome measure Number of CT scans requested 
by tertiary ED physicians in an ED presentation.
Methods Poisson regression models were used to assess 
variation and trends in number of CT scans requested by 
ED physicians across demographic characteristics, clinical 
presentation characteristics and anatomical areas.
Results Over the entire study duration, 71 per 1000 ED 
episodes had a CT requested by tertiary ED physicians. 
Between 2003 and 2015, the rate of CT scanning almost 
doubled from 58 to 105 per 1000 ED presentations. After 
adjusted for all observed characteristics, the rate of CT 
scans showed a downward trend from 2009 to 2011 
and subsequent increase. Males, older individuals, those 
attending ED as a result of pain, those with neurological 
symptoms or injury or with higher priority triage code 
were the most likely to have CT requested by tertiary ED 
physicians.
Conclusions Noticeable changes in the number of CTs 
requested by tertiary ED physicians corresponded to the 
time frame of major health reforms happening within WA 
and nationally.

INTRODUCTION
CT scanning is rapidly increasing globally 
over the last few decades.1 2 While some 
have reported this growth to have plateaued 
or slowed overall in recent years, CT use 
in the emergency setting has continued to 

rise.3 4 Internationally increases in CT use in 
the emergency department (ED) have been 
reported in the USA,3 5–10 Canada,5 Taiwan11 
and Korea.12 13

While an increase in CT use may reflect 
a response to changing patient characteris-
tics (such as age) and/or the expansion in 
the indications for the use of CT,14 there are 
concerns that some of the increase could be 
inappropriate and lead to medical overuse, 
‘the provision of medical services for which 
the potential for harm exceeds the poten-
tial for benefit’.15 16 Medical overuse in diag-
nostic imaging poses a significant problem 
for healthcare systems, contributing to rising 
costs and an increase in overdiagnosis and 
incidental findings that may expose patients to 
additional testing and associated unnecessary 
treatment, complications and psychological 

Strengths and limitations of this study

 ► In this study, we used a large linked administrative 
data for a length of 13 years to observe the trend in 
CT scan requested by emergency department (ED) 
physicians covering multiple healthcare reforms 
happening in Australia.

 ► Given availability of individual level data, we were 
able to assess the trend in CT scans with adjustment 
for variation in demographic and socioeconomic 
characteristics as well as clinical factors.

 ► Since not all secondary hospitals joined Western 
Australia Picture Archival Communication System 
(PACS) during the study period, this study was limit-
ed to assess CT scan in tertiary centres.

 ► The PACS data did not have information on the time 
that a CT scan was performed that prevented us 
from determining whether a CT scan was conducted 
while a patient was in ED, but we were able to de-
termine the CT was requested by an ED physician in 
a tertiary hospital.
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harm.17 18 Furthermore, CT delivers a small but significant 
radiation exposure that has led to concerns regarding 
cumulative radiation dose, and associated cancer risk, 
for both individuals and populations.19 20 Radiation expo-
sure concerns have been addressed by guidelines and 
recommendations encouraging practitioners to work in 
line with the ALARA principle, that is to deliver radiation 
doses that are ‘As Low As Reasonably Achievable’.21

In Australia, there is evidence of increasing CT use 
overall.22 23 However, little is published about trends in 
CT use in ED in Australia or the characteristics of CT use 
in ED.22 24 25 The number of CT scans billed through the 
Medicare Benefits Schedule (through subsidised private 
radiology) increased more than threefold between 
1993/1994 and 2012/2013 (from 33 to 112 per annum 
per 1000 population).22

The value of examining linked- administrative data 
was recognised at the Academic Emergency Medicine 
consensus conference in 2015.26 While not a substitute 
for classical studies based on primary data collection, such 
data are invaluable in guiding targeted research questions 
to identify areas potential targeting for health planning 
and policy interventions. Western Australia (WA) has four 
tertiary hospitals (teaching hospitals), all located centrally 
in Perth. The universal health insurance scheme, Medi-
care, offers fee- free treatment to public patients in public 
hospitals that includes all tertiary hospital ED,27 although 
the funding mechanism is different between public 
hospitals and outside of public hospitals. While a previous 
study has examined the trend in CT use outside public 
hospital settings in WA,22 little has been published about 
the trend of CT use in public hospital settings, particu-
larly in ED. This study aimed to describe trends in CT use 
initiated in tertiary hospital EDs in WA from 2003 to 2015, 
including by broad demographic and presentation char-
acteristics, anatomical site and presented symptom using 
linked administrative data in WA.

METHODS
This was a retrospective observational cohort study 
using individual- level administrative health data linked 
through the WA Data Linkage Branch. Reporting follows 
the Reporting of studies Conducted using Observational 
Routinely- collected health Data (RECORD) guidelines.28

Data sources
The two datasets used in this study were:
1. WA Emergency Department Data Collection (EDDC) 

is a comprehensive data set of all presentations to EDs 
at public hospitals in WA. The data set consists of in-
formation related to episode of care within ED and 
demographic data required to be reported under the 
Australian Health Care Agreement. We used WA ED 
presentation records (2003–2015 inclusive) restricted 
to records in which the individual was aged 18 years 
and over with a WA residential postcode at the time of 
presentation. ED variables included demographic data 

(age, sex and postcode), the type of ED (tertiary or 
non- tertiary), presentation time and date, arrival code 
(ambulance or other), presentation type (unplanned 
presentation or other), triage code (the urgency of a 
patient’s need for medical and nursing care), symptom 
codes collected on presentation at ED for the problem 
and concern that was the main reason for seeking 
healthcare, external cause of injury codes, destination 
and disposal (discharge) codes and sociodemographic 
data (remoteness index and Index of Relative Socio- 
economic Disadvantage).

2. WA Picture Archival Communication System (PACS) 
database (2003–2015). PACS is a system to store and 
digitally transmit electronic images and clinically rel-
evant reports. The PACS database includes all CT 
scans performed at tertiary hospitals and some scans 
performed in secondary hospitals in WA. PACS vari-
ables included the date, examination code (the code 
used by PACS to identify the CT scan undertaken; for 
this study, this code was used to determine the body 
region scanned), the referral source (ED, inpatient, 
outpatient clinic or external referral) and the pro-
vider (tertiary or other). As this study was interested 
in CT scanning in the tertiary hospital ED setting, we 
restricted the CT records to those where the referral 
source was ED, and the scan was undertaken at a ter-
tiary hospital.

The two datasets were linked by the Data Linkage 
Branch in WA using data linkage techniques, which 
maximise possible matching while ensuring personal 
privacy.29 The linkage technique only uses demographic 
information for matching and then creates a unique 
scrambled person identifier for each individual in the 
data before providing the data to the research team. This 
allows records from the same individual within and across 
data sets to be determined without releasing identifiable 
personal information to researchers. Provider identifiers 
were not available in the data.

Study population
The study population included all unplanned tertiary ED 
episodes among those aged 18 plus years with a WA resi-
dential postcode at the time of presentation (2003–2015). 
A tertiary ED episode was defined as a single day with 
one or more tertiary ED presentations for an individual. 
Planned ED visits, such as a planned return visit, were 
excluded in order to capture true emergency presenta-
tions. Non- tertiary ED episodes were excluded from the 
analysis as secondary hospital scans are not consistently 
included in the PACS dataset (online supplemental 
appendix 1). Where an individual with a record of a 
tertiary ED presentation on a given day had multiple ED 
presentations on that day, the first tertiary presentation 
record was used as the data source.

Outcome measures
The main outcome measure is the number of CT 
episodes requested by a tertiary ED physician per 1000 
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ED episodes. The CT episode associated with ED was 
defined as any CT record in the PACS dataset, which was 
requested by a tertiary ED physician and performed on 
the same or next day of the nearest ED presentation. CT 
episodes beyond this time frame were excluded for the 
purpose of this analysis.

We also present adjusted rates of CT examinations in 
different anatomical regions as listed in table 1. The body 
regions under CT examinations were identified using the 
CT scan protocol codes in PACS data. The classification 
has been used in previous studies.3 6 12

Other measures
Other measures were captured using information 
recorded in EDDC data. Demographic characteristics 
include sex (male/female) and age in years (18–44 years, 
45–64 years, 65–74 years and 75 years or older). Social 
economic status was classified using socioeconomic index 
for area (SEIFA), which was developed by the Australian 
Bureau of Statistics that ranks areas in Australia according 
to relative socioeconomic advantage and disadvantage. 
Remoteness areas divide Australia into five classes of 
remoteness on the basis of a measure of relative access 
to services—Accessibility/remoteness Index of Australia 
(ARIA+).30 Triage code included resuscitation, emer-
gency, urgent, semiurgent and non- urgent. Symptom 
category was classified based on >3500 ED symptom 
categories and classified into main symptom categories 
including pain, cardiovascular, gastrointestinal, injury, 
neurological, respiratory and others. ED episode presen-
tation time was classified into three time- blocks: 00:00–
09:00, 09:00–17:00 and 17:00–00:00 to capture workload 
of EDs corresponding to daily work schedule of the 
general population. Other covariates included arrival 
type (ambulance/air and other), presentation date 
(weekend/public holiday or weekday) and presentation 
year.

Individuals with a non- tertiary ED presentation in the 
24 hours prior to the primary tertiary presentation were 
flagged as having a previous non- tertiary ED presentation. 
As the time of service for the CT scan was not recorded, 
we adjusted for visits where a CT scan may have been 
undertaken as part of a prior associated non- tertiary ED 
presentation, potentially impacting the uptake of CT at 
the subsequent tertiary presentation.

Statistical analysis
The dataset aggregated by patient and visit characteristics 
was used to provide rates and adjusted rates of CT use per 
1000 ED presentations over the period 2003–2015 and 
identify ED presentation characteristics associated with 
CT use. Multiple model specifications including Poisson 
regression, negative binominal regression (adjusted for 
overdispersion), zero- inflated Poisson regression with 
inflated constant (adjusted for excessive zeros in the 
count of CT episodes) and zero- inflated negative binom-
inal regression with inflated constant were evaluated 
to select a suitable model. Both likelihood ratio test of 

dispersion parameter alpha and the information criteria 
including Bayes Information Criterion and Akaike Infor-
mation Criterion suggested the negative binomial model 
for further analysis (online supplemental appendix 2). 
Independent covariates considered for the regression 
model included patient sociodemographics: sex, age 
group, SEIFA and remoteness index. Other covariates 
included triage code, main symptom category, year and 
time of presentation, arrival type, presentation type and 
weekend/public holiday or weekday, categories of which 
are shown in table 1. As we only linked CT records that 
occurred on the same or next day to the ED episode, we 
included an ED episode presentation time variable to 
allow the model to adjust for variation in presentation 
time over the 13- year period. This accounts for the poten-
tial impact of differential follow- up time on the linkage 
of CT records over time. As an example, if all the ED 
episodes in year 1 occurred before 09:00, and all the ED 
episodes in year 13 occurred after 21:00, the year 1 ED 
episodes would have had between 12 and 24 hours more 
follow- up time than the latter year. The variable also works 
to adjust for changes in the use of CT by time- block.

To examine whether the trend of CT rate varied differ-
ently (ie, determine any effect modification) across char-
acteristics of interest including age groups, sex, main 
symptom category and triage code, interaction terms 
for year and each characteristic were also included in 
the model. The predicted adjusted rates of CT use are 
presented between 2003 and 2015 for sex, age group, 
triage code and main symptom category using postesti-
mation predictive margins.

CT rates by anatomical body region scanned were 
modelled using negative binomial regression to account 
for overdispersion. Rates of CT use by year for each of 
these anatomic regions are presented using postestima-
tion predictive margins.31 The difference- in- differences 
approach was undertaken post hoc to examine whether 
there was a significant difference in the effect of the 
National Emergency Access Target programme (targeted 
in improving quality of care through the Four Hour Rule 
programme and activity- based funding implemented in 
Australia in January 2012)32 on the rate of CT use across 
sex, age group, triage code and main symptom category.

All data analyses were conducted using Stata SE V.15.

RESULTS
There were 1 666 884 unplanned tertiary ED episodes 
over the 13- year period, the characteristics of which are 
shown in table 1. These ED episodes linked to 118 589 CT 
episodes, giving an overall unadjusted CT episode rate of 
7.1%.

The unadjusted trend of CT requested by tertiary ED 
physicians increased steadily from 2003 to 2015 from 
58 to 105 per 1000 ED episodes. The adjusted trend of 
CT requested by tertiary ED physicians, adjusted by the 
variables shown in table 1, fluctuated between 2003 and 
2011 with a very small overall reduction in CT (from 56 to 
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Table 1 CT use and sociodemographic and ED presentation characteristics of ED episodes

ED episode characteristics Total (n=1 666 884) % of ED episodes

Outcome Any CT 118 589 7.1

  Head CT* 80 772 4.9

  Abdomen pelvis CT* 22 673 1.4

  Spine CT* (cervical/lumbar/thoracic) 15 634 0.9

  Chest CT* 10 738 0.6

  Face CT* 3689 0.2

  Neck CT* 3001 0.2

  Extremity CT* 2626 0.2

Sociodemographic characteristics

Sex Male 831 455 49.9

Age (years) 18–44 808 472 48.5

45–64 392 855 23.6

65–74 159 914 9.6

75+ 305 643 18.3

Socioeconomic index of relative 
disadvantage

Least disadvantaged 567 971 34.1

Less disadvantaged 325 040 19.5

Moderate disadvantage 372 434 22.3

High disadvantage 220 608 13.2

Highest disadvantage 158 439 9.5

Remoteness index Highly accessible (major city) 1 572 748 94.4

Accessible 33 442 2.0

Moderately accessible 23 472 1.4

Remote/very remote 21 727 1.3

ED presentation characteristics

Triage code Resuscitation 30 429 1.8

Emergency 315 786 18.9

  Urgent 600 942 36.1

Semiurgent 587 095 35.2

Non urgent 132 632 8.0

Arrival Ambulance/air 651 401 39.1

  Other 1 015 483 60.9

Weekend or public holiday Weekday 1 112 724 66.8

Weekend/public holiday 554 160 33.2

Main symptom category Pain 509 133 30.5

  Injury 322 138 19.3

  Neurological 157 222 9.4

Respiratory 97 453 5.9

Gastrointestinal 85 958 5.2

Cardiovascular 44 515 2.7

Other 450 465 27.0

Presentation time 09:00–17:00 673 620 40.4

17:00–00:00 530 926 31.9

00:00–09:00 462 338 27.7

*Not mutually exclusive.
ED, emergency department.
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55 adjusted per 1000 ED episodes); however, from 2011 
rates rose consistently, almost doubling by 2015 (from 
55 to 107 per 1000 ED episodes). Rates by sex and age 
over years with 95% CIs are shown in figures 1 and 2 
with similar increased rates after 2011. Males (figure 1), 
those in the highest triage categories (figure 3) and 
those presenting with neurological symptoms or with 
pain or injury (figure 4) were the most likely to have a 
CT episode. Higher age was associated with higher CT 
episodes. The older age groups also had larger propor-
tionate increases in their rate of CT use overtime with 1.4- 
fold, 1.84- fold, 2.0- fold and 2.5- fold increases in the rate 
of CT for 18–44, 45–64, 64–74 and 75+ year olds, respec-
tively, between 2003 and 2015. While younger individuals 
were consistently less likely to have CT throughout the 
study period, the older age groups did not become well 
differentiated from each other until after 2012 (figure 2 
and details in online supplemental appendix 3). The post 
hoc analysis using difference- in- differences approach 
indicated that the expected mean change in the CT use 
from before to after the national health reform in 2012 

was significantly higher in the older age groups compared 
with the youngest age group with IRR was 1.19, 1.29 and 
1.49 for 45–64 years, 65–74 years and 75+ years, respec-
tively (details of the effect is presented in the online 
supplemental appendix 4). Similarly, we also observed 
a significant difference in the effect of the policy across 
symptom category (vs pain) and triage code (vs resusci-
tation). However, there was no difference in the effect 
of the policy between male and female after adjusted for 
all observed demographic and clinical characteristics. 
Remoteness (ie, major city vs regional) and socioeco-
nomic area were not associated with variation in CT use 
(online supplemental appendix 3). The most commonly 
scanned anatomic areas were head, abdomen/pelvis, 
spine and chest that were consistent over years (figure 5).

DISCUSSION
Using linked administrative data to evaluate the trends in 
CT requested by tertiary ED physicians, this study shows 

Figure 1 Adjusted CT per 1000 ED episodes by sex with 
95% CIs, 2003–2015. ED, emergency department.

Figure 2 Adjusted CT per 1000 ED episodes by age with 
95% CIs 2003–2015. ED, emergency department.

Figure 3 Adjusted CT per 1000 ED episodes by triage code 
with 95% CIs 2003–2015. ED, emergency department.

Figure 4 Adjusted CT per 1000 ED episodes by symptom 
category with 95% CIs 2003–2015. ED, emergency 
department.
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a large increase in the rate per 1000 of CTs requested 
by tertiary ED physicians in WA, particularly from 2011 
onwards, with this increase most pronounced for head 
CT. Overall, the rate of CTs requested by tertiary ED 
physicians increased by 80%, from 58 to 105 per 1000 ED 
episodes (unadjusted 2003–2015), consistent with general 
trends reported previously,3 6 9 12 although many of these 
were conducted in a single institution. A study using an 
administrative claim database in the USA found that the 
use of CT scans per 1000 ED visits increased about 60%, 
but the rate is much higher in the US setting, from 153 
CTs in 2005 to 245 CTs in 2013.6

Our results, adjusted for clinical and sociodemographic 
characteristics, suggest that the change in CT use has been 
driven by clinical practice change, rather than changes 
in the characteristics of those attending ED. The drivers 
of these changes across the time period—the slight 
downwards trend from 2009 to 2011 and subsequent 
increase—are likely to be complex and inter- related.18 33 
While specific investigation on clinical factors is outside 
this study scope, exploring relevant health policies may 
help to better understand potential drivers of the growth 
of CT and direct future research.

Two major health reforms occurred during the study 
period. The Four Hour Rule Program was initiated in 2009 
in WA and the National Health Reform (NHR) through 
activity- based funding was implemented at the end of 
2011 in Australia. These may explain the trends observed 
in our study. The Four Hour Rule Program (FHR) was 
first initiated in UK34 35 and then adopted in WA to be 
implemented in all metropolitan hospitals in November 
2009.34 While the programme showed an improvement 
in ED efficiency and patient experience, the programme 
review in WA indicated a clear shift of radiology activity to 
the wards.35 36 The number of all radiology examinations 
referred from EDs decreased by 11% from March 2009 
to September 2011, while the referrals from the wards 
increased by 191%.36 This is consistent with the downward 

trend in the rate of CT referred by ED observed in our 
data in the same period (2009–2011).

From August 2011 onwards, the NHR was implemented 
in all state through the use of activity- based funding 
model (ABF).37 The reform replaced the previous 
funding scheme, which was based on historical number 
of patient presentations and political consideration that 
had limited relation to real cost associated with deliv-
ering care.38 Under the ABF model, the costs of deliv-
ering hospital services including ED are based on the 
volumes and price paid for type of services delivered 
to patient that gives hospitals an incentive to provide 
services more efficiently.37 38 The FHR programme was 
also incorporated into the NHR under the National 
Emergency Access Target (NEAT) implemented across 
Australia since January 2012.32 State and territory govern-
ments are given significant financial incentives from the 
federal government if the 4- hour rule is achieved in 90% 
patients presenting at ED by 2015.32 The multiple reforms 
targeting processes in both ED and its interface inpatient 
unit have broad impacts in healthcare. Studies evalu-
ating the impact of the 2012 reform showed a significant 
improvement in timeliness of care for patients presenting 
at ED and reduce in length of stay in ED, patient mortality 
and access bed block.34 35 39 40 However, a systematic review 
on the impact of ABF suggested that the ABF model 
could also cause unintended adverse consequences 
such as increase readmissions and severity of illness.41 
Similarly, the NEAT may result in increasing pressure 
on ED physicians to achieve the 4- hour rule target.42 A 
study conducted in a tertiary hospital in Australia found 
an increase up to 61% in the total number of imaging 
requests following the introduction of the 2011 reform 
compared with the prereform period.43 Interestingly, this 
study indicated that the trend was towards more requests 
in CT and less radiography while other imaging tech-
niques remained unchanged.43 This finding is in line 
with our results, which indicated a significant increase 
in CT use associated with ED across age, sex, diagnostic 
groups and triage categories. While our main objective is 
not to evaluate the impact of the NHR reform in 2011, 
our result may provide a valuable information to aid our 
understanding in the use of diagnostic imaging in ED 
under the different health reforms. Our study may direct 
future research to examine whether the health reforms 
may cause the growth of CT use in tertiary care both in 
ED and its inpatient interface to inform policy making.

In addition, advances in CT technology and staffing 
adjustments during this time period may also have a role 
in the growth of CT use in ED after 2011.12 Increased 
quality of CT images, such as faster higher slice count 
CTs, with subsequent improved accuracy and quality of 
diagnostic information, has led to an expansion of the 
indications for CT and has contributed to increased 
CT rates. Other factors that may impact CT use include 
tolerance of diagnostic uncertainty,44 or the perception 
of harms and benefits, which may be altered as a result 
of awareness raising initiatives or technological advances. 

Figure 5 Adjusted CT per 1000 ED episodes by anatomic 
region scanned with 95% CIs 2003–2015. ED, emergency 
department.
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Regarding the latter, it is plausible that the introduction 
of iterative reconstruction software—known as ‘low dose 
CT’—for all Philips Healthcare CT equipment in WA 
public hospitals in 2011/2012 played a role in increasing 
CT use from that time, if the availability of ‘low dose CT’ 
had led to the perception among practitioners and/or 
patients that radiation dose had decreased significantly, 
with harms reducing commensurately.45 Iterative recon-
struction software reduces image noise and affords the 
opportunity to reduce radiation dose; however, to fully 
realise this potential, practitioners must forego the 
opportunity to further improve image quality. Of concern 
is that postimplementation evaluation of iterative recon-
struction software in some WA public hospitals demon-
strated that in clinical practice, radiation dose varied by 
protocol and had not been reduced to the extent seen in 
experimental studies.45

The greater effect modification of age group on CT rates 
post-2012 may reflect changes among those presenting at 
ED that are not captured in our data, or changing recom-
mendations for CT in particular populations. This finding 
is in line with literature- examined CT rates in ED in the 
same study period.3 6 46 This change could also be in part 
due to increased practitioner awareness of the decreasing 
harms of CT as individuals get older. Harms of CT are 
greater for younger individuals who have higher risk from 
radiation exposure due to increased tissue sensitivity and 
greater postexposure life expectancy.

Our study observed substantial differences in the rate 
of CT between male and female in with male consistently 
had a higher rate of CT than female across the study 
period after adjusted for all observed demographic and 
clinical characteristics. This can be explained by the char-
acteristics of the population presenting at tertiary ED 
which had injury and neurological symptoms of which 
60% being male, being as the most common symptom, 
after pain. Our finding is in line with other studies that 
examined the use of CT in ED using Medicare Advantage 
enrolees in USA,6 a tertiary care centre12 and a mixed of 
both tertiary and secondary care ED.47 However, another 
study found an opposite result event using data from a 
tertiary setting for population aged 18 years or older.3

The most commonly scanned anatomic areas in our 
study—head, abdomen/pelvis–were also consistent with 
other studies.9 12 The pronounced increase in head CT 
scan warrants further research to investigate specific head 
CT and head CT- related protocols or CT use in specific 
clinical conditions such as injury and neurological condi-
tions to identify potential medical overuse and to inform 
planning and management. In addition, the NHR reform 
in the end 2011 may create a potential financial incen-
tive to increasing the use of CT in ED, therefore, further 
research focusing on evaluating the impact of the activity 
based funding on the use of CT in ED is warranted.

Strengths and limitations
A major strength of our study is the size of the cohort, 
capturing ED presentations over 13 years at all tertiary 

hospitals in WA, and the inclusion of sociodemographic 
and clinical characteristics in the dataset. The data provide 
an opportunity to evaluate the trend in CT scan use at the 
population level over time. The availability of sociodemo-
graphic and clinical characteristics in the data allows to 
evaluate of the use of CT scan across different population 
as well as to adjust for the variation of the characteristics 
which may impact on the growth of CT scan.

Despite the richness of these data, the analysis had 
some limitations, inherent in the use of linked adminis-
trative datasets for health services research. We did not 
have consistently available CT data for secondary hospi-
tals, requiring us to limit this study to tertiary centres, the 
impact of which on our results was taken into account by 
adjusting for a previous secondary presentation. Future 
research with data linked across different health sectors 
would provide opportunities to explore cost diversion 
for imaging, from general practitioner (GP) to hospitals, 
secondary to tertiary and/or from ED to GP and support 
a comprehensive monitoring CT use in populations and 
guiding policy making.

Our data cannot tell us the exact clinical decision 
making involved in the decision to request CT or not 
as we do not have information on the use of other diag-
nostic imaging modalities or a complete picture of the 
presentation of the patient. In addition, the PACS data 
did not have information on the time that a CT scan 
was performed, which prevented us from determining 
whether a CT scan was conducted while a patient was in 
ED or after being admitted to a ward. However, we were 
able to determine the CT was requested by an ED physi-
cian in a tertiary hospital.

A further limitation of our research is the time frame 
of the data. Due to the disaggregation of the custodian-
ship of Picture Archiving Communications data in early 
2016 in WA, we are unable to access data for the most 
recent years. Unfortunately, this means that we have 
minimal follow- up time to assess any impact of Emer-
gency Department Choosing Wisely messages for diag-
nostic imaging—implemented in Australia in late April 
2015. The Choosing Wisely campaign—first introduced 
in the USA in 2012—is an initiative to reduce the use of 
‘tests, treatments and procedures that provide no benefit 
or, some cases, lead to harm’, and in April 2015, three 
choosing wisely messages were introduced in Australia 
relating to CT use in the emergency setting.48

CONCLUSION
While CT scan referred by ED shows relatively little 
change to 2009, there is a slight downwards trend to 2011 
and subsequent increase. While the increase cannot be 
attributed solely to changes in ED presentation char-
acteristics, this may be a result of major health reforms 
happening within WA and nationally (FHR and ABF) 
given the noticeable changes observed in the data corre-
sponding to the time frame of the two health reforms. 
Further targeted, in- depth examination in particular 
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areas is required to determine the characteristics of 
tertiary (and other) ED presentations, if any, that are 
associated with the growth of CT use.
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