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ABSTRACT

Objective The professional service review (PSR) is

an Australian Government agency aiming to reduce
inappropriate practices funded via Medicare, Australia’s
public insurer. Our objective was to examine changes in CT
following the 2008—-2009 PSR annual report, which noted
excessive CT use.

Design Interrupted time series analysis examined trends
in CT use following the 2008—-2009 PSR report, estimating
both change in the immediate rate of CT and the slope of
the trend in usage postintervention.

Setting Medicare-funded imaging (most out-of-hospital
imaging) in Australia.

Participants Patients receiving Medicare-funded CT and
other imaging.

Intervention The 2008-2009 PSR report highlighted
concerns regarding excessive CT use. Two providers were
financially penalised for CT overuse with these cases
detailed in the PSR report and highlighted in an associated
Report to the Professions, distributed to 50000 providers.
Media articles on radiation risks followed.

Outcomes Quarterly rates of out-of-hospital CT, MRI (as
a comparator), and all other Medicare-funded diagnostic
imaging examinations 2001-2019.

Results CT scanning increased from 4663.5 per 100000
person-years in 2001 to 14506 in 2019 (211% increase),
with substantial variation by type and anatomical region.
The 2008-2009 PSR report was followed by an immediate
reduction in CT scanning of 237.7 CTs per 100000

people per quarter (95% Cl —333.4 to —141.9) though
growth in use soon continued at the preintervention rate.
The degree of change in utilisation following the report
differed between states/territories and by scan type, both
in terms of the immediate change and the slope. For other
diagnostic imaging modalities, there was an increase in
the slope, while for MRI there was no change in either
parameter.

Conclusion Actions consisting of financial disincentives
for service overtesting and provider/public education
components may limit excessive use of diagnostic imaging
in fee-for-service systems, however, effects observed here
were only short lived.
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Strengths and limitations of this study

» This study made use of whole of population admin-
istrative data, improving generalisability and pre-
venting loss to follow-up or non response.

» Multiple imaging modalities were examined, allow-
ing for an assessment of CT (the target of the profes-
sional services review (PSR) actions) and potential
substitution by other modes.

» Only data on publicly funded services accessed in
the out-of-hospital setting were available; trends in
in-hospital CT use were not examined.

» The PSR actions involved multiple components and
it was not possible to examine specific components
in isolation from each other.

INTRODUCTION

Overtesting is defined as the use of non-
recommended screening tests in asymptom-
atic patients or more testing than necessary
to diagnose patients.! Overtesting is prob-
lematic due to the wasted resources it incurs
and the potential for patient harm. Harms of
overtesting may fall under six domains® phys-
ical, psychological, treatment burden, social,
financial and dissatisfaction with healthcare.
Overtesting with CT may manifest in many
of these areas, for example, physical harms
resulting from radiation exposure” * psycho-
logical harms resulting from incidental find-
ings” plus additional physical harms when
these findings lead to further procedures or
diagnostic tests.” Overtesting also consumes
healthcare expenditure without improving
outcomes,! imposing an opportunity cost.
Overtesting may resultfrom intrapersonal (eg,
fear of litigation, risk aversion, intolerance
of uncertainty), interpersonal (eg, pressure
from patients and colleagues) or contextual
(eg, guidelines, financial incentives, time
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constraints, test availability) factors.” Studies in different
countries have shown that over 10% of CT scans reflect
overtesting,® ? indicating substantial room for improve-
ment in this area.

CT scanning in Australia is delivered in public and
private hospitals, or in the out-of-hospital setting on
referral from a general practitioner (GP) or specialist.
Most out-of-hospital CT is performed by private clinics'
which are reimbursed on a fee-for-service (FFS) basis by
the Federal Government via Medicare, Australia’s public
insurer, which covers almost all Australian citizens and
permanent residents'' (with prisoners an exception).
Similarly, GPs operate in private practices which are reim-
bursed by Medicare on an FFS basis hence are incen-
tivised to maximise service volumes.'? Patients do not
register with practices and are free to change providers
at any time, so multiple providers compete for services
in the out-of-hospital environment, potentially driving
overtesting where patients expect certain medical inter-
ventions (such as diagnostic CT) and providers feel
compelled to meet patient expectations so as to prevent
the patient from being ‘lost’ to another GP who provides
or refers for the expected service."”'* Note that decisions
regarding out-of-hospital CT scanning are primarily made
by referrers (GPs and specialists); radiologists at private
clinics generally do not know the setting or patient and
are not well positioned to deny scans requested. Although
Medicare provides reimbursement for CT scans referred
by a GP, MRI scans are generally only reimbursed when
referred by a specialist (with some exceptions since
2011)." Furthermore, MRI machines must be licensed
by the Federal Government in order for scans using that
machine to attract reimbursement, with license avail-
ability restricted.'® This may limit substitution of CT scans
by MRI. No such restrictions exist for other modalities.

One of the bodies regulating healthcare in Australia is
the professional services review (PSR), which has respon-
sibility for preventing inappropriate practice, both to
protect patients from risk and to reduce government
funding of inappropriate care.'® The PSR reviews the
activities of practitioners where unusual service volumes
or prescribing patterns suggest inappropriate care. On
investigation by the PSR, a practitioner found to have
engaged in inappropriate practice (as determined by
a peer panel of practitioners) may be partially or fully
disqualified from claiming Medicare reimbursements
for some time, may be required to repay reimburse-
ments claimed for delivery of inappropriate care, or may
face suspension from practice.'” In the 2008-2009 PSR
annual report published in October 2009, two providers
were penalised for CT overtesting. In addition, the Direc-
tor’s report within the annual report commented on CT
overtesting, noting concerns about use of CT screening
for lower back pain.'® Alongside this annual report was
the dissemination by the PSR of a Report to the Profes-
sions to 50000 health providers detailing these cases
(and others), and the PSR director also spoke at medical
conferences and to the media.'"® This was followed by a

period of media interest concerning CT risks, including
the publication of articles highlighting the risks of CT,
targeted at both clinical audiences'®*’ and the general
public.»* These articles, published through 2010 and
2011 in national® ** and state-specific media,* outlined
the PSR director’s concerns, cancer risks associated with
CT, the role of patient expectations as a factor and alter-
native imaging modalities. These events are collectively
referred to as ‘the PSR actions’ throughout this paper for
simplicity. Any change in CT scanning resulting from the
PSR actions may reflect either a change in imaging levels
overall, or shifts to other modalities.

The aim of this project was to examine the impact of
the PSR actions on the rate of CT scanning in Australia,
to determine if regulatory body action influences overt-
esting in the FFS context.

METHODS

This was a retrospective whole-of-population longitudinal
cohort study using aggregate-level administrative data.
Reporting follows the Reporting of studies Conducted

using Observational Routinely collected health Data
(RECORD) guidelines.”

Data source
Quarterly utilisation data for Australia and for each
Australian state/territory from Janary-March 2001 to
October-December 2019 inclusive were sourced from
publicly available Medicare Benefits Schedule (MBS)
records.”® Data pertaining to CT were extracted using
MBS item reports. Data for other Medical Imaging
modalities (Ultrasound, Nuclear Medicine and MRI)
were extracted using the group report for category b
Diagnostic Imaging Services. Data included only those
services performed by a registered provider for services
that qualify for Medicare Benefits and for which Services
Australia had processed a claim. Data excluded services
provided by hospital doctors to public patients in public
hospitals and services that qualified for a benefit under
the Department of Veterans’ Affairs National Treatment
Account. These services are not within the purview of
the PSR, nor are records of these services available with
the MBS data used for the current study. The location
services were provided (state/territory) was based on
patient address. Calendar quarter was determined by
the date of processing by Services Australia, not the date
the service was provided to the patient. Note that date
of processing is typically within days of the service date.
For the denominator the Medicare eligible population
for each state/territory was sourced from Medicare enrol-
ment data quarterly standard reports.27

CT scanning data were aggregated into fourteen groups
reflecting either anatomical area of the scan (eg, head,
chest) or, due to lack of anatomical location on the MBS
coding, grouped according to technique (cone beam
CT, pelvimetry, spiral angiography and interventional
CT) using the MBS item codes in online supplemental
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appendix 1. Since MBS items are for reimbursement
rather than clinical purposes, several items covered
multiple CT examinations (chest, abdomen/pelvis and
brain, chest/upper abdomen). For analysis, all CT scan-
ning records pertaining to these items were counted as
a single CT scanning event. In the analysis by type of CT
these items were grouped separately (see online supple-
mental appendix 2) and were not included in the analysis
of their relevant sub-groups (ie, brain, chest or abdomen/
pelvis).

Quarterly rate of imaging

The annual rate of MBS-funded imaging per 100000
eligible persons was calculated for all Australia and
by state/territory by dividing the number of services
processed in that year by the eligible Medicare popula-
tion for that year multiplied by 100 000.

Statistical analysis

Interrupted time series analysis (ITSA) was used to eval-
uate the impact of the PSR actions on the quarterly rate
of medical imaging excluding CT, MRI, all CT scanning
and type of CT scanning for all Australia and by state/
territory.

The analysis was conducted using the ‘itsa’ package®
in Stata V.15.* Since the PSR actions affected the whole
of Australia a control group was not available for compar-
ison, therefore, the model was a single-group ITSA (ie, the
preintervention trend was projected into the postinterven-
tion period to serve as the counterfactual) with a dummy
indicator variable set to quarter 4 2009 representing the
PSR action. Coefficients were estimated using ordinary
least squares regression with Newey-West standard errors
to handle autocorrelation and heteroskedasticity.

Each model was first fitted with lag 0 specified (ie, no
autocorrelation), following which autocorrelation in the
error distribution was tested for using the programme
“actest™ and the appropriate lag used in the final model.
The model was implemented after adjustment for season-
ality using Fourier terms (pairs of sine and cosine func-
tions)”" using the programme ‘circular.” Following
Imbens and Lemieux” the median timepoint (quarter 4,
2004) of the preintervention period was used as a robust-
ness test to determine if the underlying assumption of
stability in time-varying unmeasured confounders should
be challenged. Where the postintervention trend was non-
linear, multiple dummy variables were used to adequately
capture the shape of the postintervention trend so that a
more accurate estimation of the immediate change in the
trend and change in level resulting from the PSR action
could be estimated.

Classification of response to the 2009-2010 PSR

For each model the direction and statistical significance
of the estimates of the level (initial change in the quarterly
rate of CT use) and slope (gradient of the trend in quar-
terly CT use) parameters in the postintervention period
(or for the slope the immediate postintervention segment

where a non-linear trend was observed) were used to clas-
sify the response to the PSR action. The primary typology
was based on the direction and significance of the level
parameter as follows: type 1: significant reduction in the
level; type 2: no significant change in the level and type
3: significant increase in the level. Each type was further
classified into subtypes based on the change in the slope
parameter: (1) significant reduction; (2) no significant
change and (38) significant increase.

Calculation of net change in CT imaging procedures following
the PSR action

The net change in the CT procedures performed was
calculated from the area between the counterfactual
(ie, preintervention slope with no level change) and the
postintervention observed (defined using the season-
ally adjusted model level and slope parameters) curves
of the quarterly rate of imaging procedures. To reduce
overestimation of the net change where no significant
difference was observed between the preintervention and
postintervention slopes (ie, subtype b) the preinterven-
tion slope parameter was used to define the postinterven-
tion slope rather than the point estimate provided in the
ITSA model. Similarly, where no significant difference in
level was observed (ie, type 2), the postintervention curve
was defined with the level change set to zero. When the
postintervention trend was non-linear the net change
was only calculated until the beginning of the subse-
quent change in trend. The net change could be negative
(ie, net reduction in the rate of imaging examinations
through the postintervention period) or positive.

Patient and public involvement
As this is an analysis of secondary data, there was no
patient or public involvement.

RESULTS

Over the 19-year study period, 369.5million Medicare-
funded medical imaging examinations were undertaken
in Australia (6.2% of all Medicare-funded activity) of
which CT scanning comprised 11.4% (42.2 million)
(online supplemental appendix 2). The most frequently
performed type of CT scan was abdomen/pelvis
comprising 18.8% (~8million) of all CT examinations,
closely followed by head CT (17.6% (7.5 million)) and
spinal CT (17.6% (7.4 million)).

As shown in table 1, the rate of CT scanning increased
from 4662.2 per 100000 Medicare eligible persons in
2001 to 14505.2 per 100000 in 2019. The increase of
211% was much larger than the increases observed for
ultrasound (+150%) and nuclear medicine (+96%), or
for diagnostic imaging overall (75%). While the largest
increase in the rate of imaging (by modality) was observed
for MRI (increasing by ~400% over the study period), the
absolute rate was still 64% lower than the rate of CT scan-
ning in 2019. Table 1 also shows the rate of CT scanning
according to type across the study period. In 2001 the top
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ACT, Australian Capital Territory.

three types of CT scanning, ranked according to the rate
performed per 100000 persons, were head CT (1529.9),
followed by abdomen/pelvis CT (1018.9) and CT of the
facial bones (629.9). However, by 2019, this ranking had
changed such that abdomen/pelvis CT had the highest
rate per 100000 (2,565.0); spinal CT was now ranked
second (2237.2) and head CT third (1884.4). The largest
relative change in the rate of CT scanning by type from
2001 to 2019 was observed in interventional CT which
increased by 1089% (from 95.3 per 100000 in 2001 to
1133.8 in 2019. Similarly, the rate of spiral angiographic
CT scanning also rose by 1054% (from 85.5 per 100000
in 2001 to 986.8 in 2019). Other notably very large rela-
tive increases (ie, more than tripling of the 2001 rate)
were observed for chest/abdomen/pelvis CT (+451%),
CT of the extremities (+407%) and pelvis CT (+358%).
Rate increases of over 100% were observed for chest CT
(+199%), abdomen/pelvis CT (+152%) and soft tissue
neck CT (+147%). The only type of CT scan to reduce
in rate was cone beam CT which was first funded under
Medicare in 2011 (quarter 3).

Figure 1 shows the results of the ITSA evaluating
changes in the use of CT following the PSR actions, by
state /territory; values informing the figure are in online
supplemental appendix 3. On average after adjusting for
seasonality and autocorrelation there was a significant
reduction in the level parameter (-237.7 CTs per 100000
Medicare eligible persons (95% Cl -333.4 to -141.9)) indi-
cating an immediate response. However, no significant
change in the slope parameter was observed, indicating no
sustained effect, that is, following the initial drop in utilisa-
tion, growth in CT scanning continued at its previous rate.
Despite there being no sustained change, over the postin-
tervention period (Qtr 4 2009-Qtr 4 2019) the cumulative

rate (ie, the net change) of CT use reduced by 9744.3 per
100000 due to the initial level change, compared with
the counterfactual. This can be readily observed graphi-
cally in figure 2. Across Australian states and territories,
the response differed (figure 1). In all states/territories
except the Northern Territory there was a significant
reduction in the level; however, the response in the slope
parameter differed. In New South Wales, South Australia
and Victoria there was a significant reduction in the slope
parameter (ie, sustained reduction), in Tasmania there
was no significant change in the slope, while in the Austra-
lian Capital Territory, Queensland, Western Australia and
the Northern Territory after the initial reduction in level
there was a significant increase in the slope parameter.

Figure 3 shows the results of the ITSA according to
type of CT scanning in Australia (values in online supple-
mental appendix 3). The majority of CT scanning types
showed an immediate significant reduction in level, the
exceptions being CT angiography and chest/abdomen/
pelvis CT which showed no change, and interventional
CT, which showed an increase in level. With respect to
sustained change (ie, slope) there was a much larger vari-
ation across type with reductions (head, face, abdomen/
pelvis, spine CT and CT angiography), increases (chest,
extremity, soft tissue neck, brain/chest/upper abdomen
and interventional CT) and on one occasion no change
(pelvis CT) observed. Figure 3 also shows the results of
the analysis for MRI, which showed no response in either
parameter and all diagnostic imaging excluding CT,
which showed no change in the level but an increase in
the slope parameter. Changes for all diagnostic imaging
excluding CT are also presented in figure 4, displaying
the change in the slope parameter through the postinter-
vention period.
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Impact of the 2008-2009 professional services review on the rate of Medicare-funded CT scanning (per 100000

Medicare eligible population) in Australia. (A) indicates quarterly rate of all MBS-funded CT scans showing counterfactual and
postintervention fitted line (seasonality removed for simplification). (B) is a representation of the seasonally adjusted area under
and between the curves used to estimate net effect of the response to the MBS professional services review 2008-2009. MBS,

Medicare Benefits Schedule.

DISCUSSION

CT use reduced significantly following the 2008-2009
PSR annual report, associated sanctions and subsequent
media coverage of CT risks. Following this short-term
decline, CT use continued increasing at the preinter-
vention rate, though results differed by scan type/region
and state/territory. Findings indicate that major reviews
including financial penalties and surrounding coverage
have potential to decrease overtesting, but that reduc-
tions may not be sustained.

Being an observational study we cannot assume
causation, though we highlight some important points in
considering this. There was a close temporal relationship
between the PSR report and the changes in CT use, which

A
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would be expected if changes were causal. The face validity
of a causative relationship can be considered via the over-
testing framework developed by Lam et al.” Interpersonal
drivers of overtesting may have influenced CT use as the
mass media coverage outlined radiation risks to patients
and included some discussion of the role of patient expec-
tations in driving imaging requests.”*** On the provider
side, fear of reputational damage following a reprimand
is also an interpersonal factor. Environmental drivers may
have changed if providers grew concerned about finan-
cial penalties from the PSR for excessive imaging. Intra-
personally, the risk aversion that drives overtesting in the
search for a definitive diagnosis may have been countered
by improved knowledge of radiation risks.
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(A) Change in the quarterly rate of MBS-funded medical imaging undertaken in Australia per 100000 eligible

population according to type of service following publications of the MBS professional services review (2008-2009) and
associated media attention. Superscript L and S indicate significant changes in the level and slope parameters, respectively. (B)
displays net change in rate of CTs performed Qtr3 2009-Qtr4 2019, by type/anatomical area. MBS, Medicare Benefits Schedule.
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Impact of the 2008-2009 professional services review on the rate of Medicare-funded diagnostic imaging excluding

CT) (per 100000 Medicare eligible population) in Australia. Figure indicates quarterly rate of all MBS imaging claims (excluding
CT) showing counterfactual and post-intervention fitted line (seasonality removed for simplification). MBS, Medicare Benefits

Schedule.

The risk of reputational damage or financial penalties
was low, with the PSR report discussing two providers
sanctioned for inappropriate CT. However, these cases
were widely disseminated, via the Report to the Profes-
sions describing these cases (and others) to 50000
providers. Furthermore the PSR director speaks at
national medical conferences and to the media about
PSR activities,'® and attends meetings of medical colleges
and the Australian Medical Association to further raise
awareness of PSR activities.”* Although we are not aware
of any surveys or other material describing awareness of
the PSR among providers or patients, the dissemination
activities outlined above likely led to a reasonable degree
of awareness among providers. Moreover, a 2011 review
of diagnostic imaging noted that the 2008-2009 PSR
had likely impacted practice, and that private providers
had expressed concerns regarding profitability following
this.”® Penalties for inappropriate CT appeared in the
2009-2010 and 2011-2012 PSR annual reports, however,
there was no specific discussion of CT in the director’s
reports nor are we aware of media coverage following
these reports.

There is prior evidence in Australia of educational inter-
ventions reducing CT. In 2013 the National Prescribing
Service’s MedicineWise programme ran an intervention
to reduce inappropriate CT for acute lower back pain.”
This included a report to GPs comparing their referral
rates for lower back CT to their peers, an online decision
support tool and a symptom self-management prescrip-
tion pad. The intervention reduced lower back CT by over

10%, which persisted through 20 months follow-up. This
demonstrates some receptiveness to messaging regarding
CT overtesting, though mechanisms of action by which
the PSR may have influenced practice would differ. Simi-
larly, the introduction of a Choosing Wisely recommenda-
tion to reduce imaging for lower-back pain in the United
States in 2012 was followed by a 4% reduction in such
imaging.”” The Choosing Wisely campaign regarding
lower back CT in the USA did not involve any financial
disincentives such as the PSR actions in the current study,
though did garner substantial media attention” so some
drivers of change may have been comparable. A review
of interventions to reduce overuse care suggested that
educational interventions targeted at both clinicians and
patients are among the most effective type,” supporting
the notion that media coverage on CT overtesting may
have influenced practice.

Results here differed between states/territories and CT
type. Differences in results across CT type do not appear
to be driven by differences in the radiation dosages asso-
ciated with each type, given that chest/abdomen/pelvis
scans showed no change in either parameter following
the PSR action but expose patients to some of the highest
effective doses.” Differences observed between states/
territories may have resulted from differences in the
baseline level of CT use; this is likely as availability of CT
scanners, one driver of overtesting, does differ between
jurisdictions.'” These differences may have also resulted
from differences in messaging in each state/territory,
caused by either different levels of media coverage of this
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issue (as some coverage appeared in local®® rather than
national newspapers), or addresses by the PSR director
to medical conferences in some states but not others.
Baseline attitudes towards CT, and hence the capacity
for reductions in use, may have also differed between
networks of providers, given the concentration of scan-
ners and providers in capital cities'> which are in many
cases geographically isolated.

There were differences observed between CT and other
modalities. In contrast with the drop in CT use following
the PSR, MRI showed no change following the 2008—-2009
PSR report, while for all diagnostic imaging excluding CT
the slope increased significantly, while the level param-
eter showed a large but non-significant increase. This
may represent substitution for modalities with lower or
no associated radiation exposures (eg, X-ray or ultra-
sound, respectively). MRI use increased steadily through
the study period, reflecting an increase in availability of
MR machines from below to above average in compar-
ison to other Organisation for Economic Co-operation
and Development countries.”” There was no additional
increase in use of MRI following the PSR actions, however,
likely because licensing of MR devices is constrained by
the Federal Government and most MRI investigations
are not reimbursed by Medicare when referred by a GP,
limiting potential for substitution.*' ** Alternatively, there
may have been an increase in privately funded MRI which
would be unobservable in the Medicare data used here.

Implications

Although the PSR actions were followed by a reduction
in CT use, growth then continued at the preintervention
rate. This suggests that although such actions may be
influential, any resulting changes in behaviour may not be
sustained in the absence of ongoing intervention. As the
PSR publishes annual reports there may be opportunities
to replicate the actions assessed here, if media interest in
the topic could be sustained, which may produce longer-
term changes in CT use.

These findings will be of interest to researchers and poli-
cymakers wanting to understand mechanisms to prevent
overtesting, though contextual factors are important in
understanding how effective such actions may be else-
where. Provider and patient education regarding radia-
tion risks, threats of financial penalties and reputational
damage following exposure of inappropriate practice
would likely be influential mechanisms across settings.
The degree of response to such mechanisms, however,
would depend in part on the baseline level of overtesting,
driven in part by health system design. In health systems
where providers are paid via capitation or salary rather
than FFS overtesting may be less common, with FFS
systems known to incentivise service volumes.* Similarly,
in some health systems patients register with a practice**
and cannot ‘doctor-shop’ as is the case in Australia. In
such systems providers are not financially incentivised
to increase patient satisfaction by delivering requested
services, as patients cannot simply access the service via

another practice. Overtesting may be incentivised where
pay-for-performance programmes prioritise patient satis-
faction, as providers may feel pressured to refer patients
for requested imaging services so as to maintain satisfac-
tion ratings.*” Relationships between providers referring
for imaging and those performing imaging may also influ-
ence overtesting, for example, ownership by physicians of
radiology services is associated with increased radiology
use.” A shift from a volume-driven to a value-driven
system could prevent overtesting by focusing on the
delivery of interventions to maximise patient outcomes
rather than service delivery.”” Finally, the PSR actions
studied here were facilitated in part by the existence
of the PSR which has oversight of all Medicare-funded
services and authority to impose penalties. Although the
PSR objectives of patient safety and cost containment are
priorities globally, mechanisms available to regulators will
differ elsewhere.

Strengths

This study benefited from the use of whole of popula-
tion administrative data, improving generalisability and
preventing loss to follow-up or nonresponse. The data
cover a long study period both prior to and following
the PSR action, improving effect estimates and covers
multiple imaging modalities. The analysis accounted for
potential seasonality in the use of CT and non-linearity in
postintervention trends.

Limitations

Data were limited to services funded via Medicare
Australia. Comparable data concerning patients in public
hospitals were not available, and we cannot comment on
potential trends in that setting.

There was no comparator available, which may have
supported a more rigorous design. The PSR has a national
scope, meaning there was no setting without the PSR
action against which to compare trends. Different sets
of MBS items were assessed as comparators in the hope
of providing control for broader health system changes,
but no items could be found for which preintervention
trends resembled CT.

The data used did not allow for services to be assessed
at the level of individual provider. As the PSR targets
providers with unusually high volumes of services, it
is possible that CT reductions following the PSR were
concentrated among a small number of practitioners
with high CT referral rates, alternatively it is possible that
media messaging led to a more uniform change across
providers. We could not assess provider-specific effects
due to this data limitation.

Rates here used the Medicare-eligible population as the
denominator, though changes in the number of people
presenting for care may also be a suitable denominator
as changes in this may impact CT use. The quarterly
counts of GP contacts were included and show no change
around the time of the PSR actions which would account
for changes in the rates of CT observed.
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This study examines an action consisting of multiple
components, and we are not able to assess, for example,
mass media coverage in isolation from the publication of
financial penalties for overtesting.

CONCLUSION

This study suggests that regulatory body action may influ-
ence provider behaviour within an FFS context. However,
it also suggests that point-in-time interventions have
limited longevity. The combination of financial incen-
tives (ie, penalties for excessive use), patient and provider
education, and risks to reputation via potential for publi-
cising of investigation outcomes was followed by reduced
CT use. Further research examining how best to couple
such actions with more sustained reinforcement over
time to influence behaviour would be useful, in addition
to studies assessing the proportionate impacts of indi-
vidual components.
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