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ARTICLE INFORMATION AIM: To examine the performance of “appropriate” versus “inappropriate” computed to-

mography (CT) and to examine whether physicians who practise in a rural hospital in NSW
Article history: Australia, achieved imaging appropriateness in their ordering of diagnostic CT examinations.
Received 22 March 2019 MATERIALS AND METHODS: An audit of the electronic medical records of medical ward
Accepted 14 August 2019 inpatients (during the 2016/2017 financial year) was carried out. De-identified data were

extracted for all patients who had undergone diagnostic CT while on admission. Using the SPSS
analytical software, chi-square tests for independence were conducted to check for difference
between appropriate and inappropriate CT imaging.

RESULTS: Of all the CT procedures, 92% were found to be appropriate. Appropriate CT
confirmed the provisional diagnosis in more instances than inappropriate CT (132 versus
three). This observed difference was significant with a small size effect (chi-squared [1,
n=362]=8.58, p=0.003, »=0.16). Similarly, appropriate CT significantly facilitated a change in
the proposed direction of care (140 versus 40) (chi-squared [1, n=362]=7.75, p=0.005, ¢=0.16).
In addition, appropriate CT which confirmed diagnosis, resulted in a change in the proposed
direction of care as opposed to inappropriate CT (115 versus one; chi-squared [1, n=362]=8.11,
p=0.004, Cramer’s V=0.24).

CONCLUSION: Specialist physicians who practise in a rural hospital setting achieved CT
appropriateness. Appropriate CT is beneficial to patient care. Adhering to recommended im-
aging guidelines is essential for achieving imaging appropriateness.

© 2019 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.
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diagnosis and appropriate treatment of many medical and
surgical conditions. The use of these imaging procedures
has been shown to positively influence clinical outcomes for
many patients who present with various medical and sur-
gical conditions'; however, the availability of such imaging
procedures vary from one health district to another,” * and
the cost of performing these procedures contribute signifi-
cantly to the state and national health budgets.” > The
availability may influence their use by clinicians and pa-
tients alike. Some authors have suggested that overuse of
imaging is more likely to occur in clinical settings where
access to such procedures is somewhat unlimited.® ® Other
factors that may influence the use of imaging procedures
include: health system factors, cost to patients, presumed
usefulness, defensive medicine, skill level of referring
physician, and nature of illness.® %

The concept of imaging appropriateness was proposed
following the observation that geographic areas with
similar populations tend to show variations in their use of
diagnostic imaging for clinical management of patient
conditions.” This is particularly important if the possible
risks of imaging procedures (e.g., exposure to ionising
radiation, false-positive and false-negative results, and
unexpected incidental findings) are factored into the
clinical scenario.'”"'* Therefore, it is proper that the use
of diagnostic imaging procedure is guided by acceptable
standardised evidence-based referral guidelines, the ad-
vantages of which include early exclusion of potentially
dangerous disease, reassurance to patients, prompt and
accurate diagnosis, institution of effective treatment,
appropriate referral, and cost-effective utilisation of
available resources.®!® In other words, when acceptable
standardised imaging guidelines are utilised (together
with recommended clinical decision support tools),
medical practitioners are more likely to achieve imaging
appropriateness, thereby reducing unnecessary patient
exposure to radiation whilst also limiting wastage of
health resources and reducing the overall cost of
healthcare.>!21>16

As per the recommendation of the Royal Australian and
New Zealand College of Radiologists (RANZCR), the use of
guidelines for diagnostic imaging procedures are encour-
aged, and the guidelines prepared by the Royal College of
Radiologists of the UK and the American College of Ra-
diologists are recommended for use by the RANZCR'/;
however, the decision to order an imaging investigation
or refer a patient for an imaging procedure is most likely
influenced by a multiplicity of factors which may vary
based on the clinical settings, treating physician, health
district location, and availability of resources.® This is
particularly important as available guidelines do not
generally declare when a test is necessary, as the final
decision with regards to ordering an imaging procedure
rests on the shoulders of the treating physician. More so,
when the use of appropriate clinical decision support
tools are not mandatory, a diagnostic approach for refer-
ring patients for diagnostic imaging procedure may
develop among physicians who work together in a health
district and acquire group skills as they feed on each
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other’s knowledge, skills, and clinical expertise. This may
lead to over-utilisation of imaging procedures. Conversely,
it is also possible that a varied application of imaging
guidelines by an individual physician may occur, with the
possibility of disregard or poor application of recom-
mended imaging guidelines in clinical practice.

In this study, the research team sought to understand if
specialist physicians, who practise in a rural hospital setting
in New South Wales (NSW) Australia, achieve imaging
appropriateness in referring patients for diagnostic CT im-
aging. Therefore, an audit of all CT examinations ordered by
the five specialist physicians who were practising in the
rural hospital during the financial year (2016/2017) was
carried out. The diagnostic relevance and impact of appro-
priate imaging procedures on patient care and management
were also investigated. Thus, the present study examined
whether appropriate CT helped confirm the clinical diag-
nosis and whether it facilitated a positive change in the
proposed direction of care.

Materials and methods

Ethics approval for this study was granted by the Human
Research Ethics Committee (HREC) of the Local Health
District. A waiver of consent was approved by the HREC as
the study involved review of existing case notes and was
categorised as low-risk human research. Using the local
hospital electronic medical records, an audit of all the
medical ward inpatient admissions during the 2016/2017
financial year (i.e., 1 July 2016 to 30 June 2017) was under-
taken. De-identified data were extracted for all patients
who had diagnostic CT (as ordered by specialist physicians)
while admitted to the medical ward of a rural hospital in
regional NSW. All follow-up imaging was excluded from
this study as the primary focus of interest was diagnostic CT
imaging. For each patient who underwent CT while on the
ward, the following information was collected and entered
into an Excel spreadsheet for the purpose of data collection
and data analysis: age, gender, presenting complaints,
provisional diagnosis, and results of CT imaging. In addition,
by simply recording “yes” or “no” for each CT examination
performed, the data collection process also answered the
following questions: do the results confirm the provisional
diagnosis and did the findings change the proposed direc-
tion of care?

In many clinical scenarios, a number of diagnoses (with
equal weighting) are usually investigated during the CT
examination. Hence, the differential diagnoses should be
considered when determining if the CT examination
confirmed a provisional diagnosis. Therefore, for the pur-
pose of this study, the differential diagnoses as indicated by
the physician on the CT referral forms (which were all
stored in the electronic case notes) were all considered. If
the CT results confirmed any of the stated differential di-
agnoses, the CT examination was recorded as “yes” for
confirming the provisional diagnosis.

The determination of a change in the proposed direc-
tion of care was made by reviewing the electronic case
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records of all patients before and after CT referrals to
confirm if new or additional treatment was commenced
after the CT examinations were reported. A change in the
proposed direction of care is defined as commencing an
entirely new treatment regime or addition of other
treatments that otherwise would not have been
commenced in the absence of the findings revealed by CT
imaging. In some instances, the absence of findings on CT
may also result in the introduction of new or additional
treatment; this was also classified as a change in the
proposed direction of care.

By using a combination of the American College of
Radiology Appropriateness Criteria and Canadian Associ-
ation of Radiologist Diagnostic Imaging Referral Guide-
lines, all CT examinations were classified as either
appropriate or inappropriate. CT was considered appro-
priate if it fitted both guidelines simultaneously. In addi-
tion, the electronic case records were reviewed to confirm
that relevant/required preliminary laboratory in-
vestigations (e.g., inflammatory biomarkers) and pre-
liminary imaging (e.g., radiography), which may
contribute to the diagnostic process, were undertaken
before CT was requested. By this, all the CT referrals were
appropriately classified. Furthermore, the level of the
appropriateness of all CT was also determined and sub-
classified as:

Optimal: consistent with the guidelines and the imaging
choice is rated highest in the guidelines/criteria; adequate:
consistent with part of the guidelines, confirms diagnosis
without further imaging required and rules out other dif-
ferentials; suboptimal: potentially part of the guidelines,
potentially inappropriate use of resources despite con-
firming diagnosis/exclusion of other differentials; and
inadequate: not part of the guidelines, inappropriate use of
resources, further imaging required, unnecessary repeat of
imaging (see the Electronic Supplemental Material for
additional explanations).

In order to fully examine the appropriateness of the
imaging referrals, the research questions listed in Box 1
were formulated.

Appropriate statistical analyses were performed on the
data collected using the Statistical Package for the Social
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Science analytical software (SPSS, IBM, Armonk, New York,
USA). More specifically, appropriate chi-squared tables of
categorical variables were generated by cross-tabulations
(Electronic Supplementary Material, Tables 1—3), and chi-
square tests for independence were performed to check
for significance association between the following pair of
categorical variables: “Do the results confirm the provi-
sional diagnosis” and “Did the findings change the proposed
direction of care?”; “Appropriateness of CT referrals” and
“Do the results confirm the provisional diagnosis?”;
“Appropriateness of CT referrals” and “Did the findings
change the proposed direction of care?”. In addition, a 3x3
cross-tabulation was performed (Table S4) and a chi-square
test for independence was conducted to check for signifi-
cance association between “Appropriateness”, “Do the re-
sults confirm the provisional diagnosis?” and “Did the
findings change the proposed direction of care?”

Results

Of a total of 2,139 admissions during the 2016/2017
financial year, a total of 365 CT referrals for diagnostic
purpose were conducted. Three CT referrals were excluded
due to incomplete data, thus only 362 CT referrals were
included in the final analyses. The mean age of the 362
patients (187 women and 175 men (F:M=52:48) who were
admitted in the medical ward during this period was 69.2
(SD=15.33).

Of the 362 CT referrals done for diagnostic purposes, 333
CT were deemed appropriate, representing 92% of all CT
procedures. Only 29 CT (8%) examinations were found to be
inappropriate (Table 1). As shown in Table 1, most CT
referral examinations (69.6%) were appropriately ordered
and categorised as optimal use of CT for diagnostic pur-
poses. Of all the CT examinations, 13.8% were deemed
adequate, whereas, 8.6% and 8% were found to be subopti-
mal and inadequate, respectively.

The results of the CT did not confirm the provisional
diagnosis in a higher proportion of cases (227, 62.7%;
Electronic Supplementary Material, Table S1). CT facilitated
a change in the proposed direction of care (or additional

Box 1. Research questions answered during the study.

Appropriateness

Are the CT referrals appropriate or not?

What are the categories of appropriateness of the CT referrals?
Appropriateness related to diagnosis

Do the results of the CT confirm the provisional diagnosis?

Do the findings of the CT change the proposed direction of care?

not confirm the provisional diagnosis?

that did not result in a change in the proposed direction of care?

How often do CT examinations that confirm the provisional diagnosis result in a change in the proposed direction of care?
Based on appropriateness, are there any difference in CT examinations that confirm the provisional diagnosis when compared to CT examinations that did

Based on appropriateness, are there any differences in CT examinations that resulted in a change in the proposed direction of care compared to CT findings

Based on appropriateness, how often do CT examinations confirm the provisional diagnosis and cause a change in the proposed direction of care?
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Table 1
Frequencies and categories of appropriate and inappropriate diagnostic CT
imaging.

Appropriateness Appropriateness level Frequency (%)

Yes Optimal 252 (69.6) 333 (92)
Adequate 50 (13.8)
Suboptimal 31(8.6)
No Inadequate 29 (8) 29 (8)
Total 362 (100) 362 (100)

care) in 144 cases (39.8%) as opposed to 218 cases (60.2%)
when the CT referrals did not facilitate a change in the
proposed direction of care (Electronic Supplementary
Material, Table S1).

Do the results confirm the provisional diagnosis and did
the findings change the proposed direction of care?

The results obtained from the chi-square test for inde-
pendence of the two categorical variables indicated that, in
a higher number of cases, CT that confirmed the provisional
diagnosis facilitated a change in the proposed direction of
care (116, representing 80.6%), when compared to CT that
did not confirm the provisional diagnosis (28, representing
19.4%; Fig 1). The observed difference was statistically sig-
nificant with a large effect size (chi-squared [1, n=362]=
188.32, p<.001, ¢=0.73; Electronic Supplementary Material,
Table S1).

Appropriateness of CT referrals and do the results
confirm the provisional diagnosis?

The chi-squared table for these categorical variables is
presented in Electronic Supplementary Material, Table S2.
The result obtained from the chi-square test for indepen-
dence of the two categorical variables showed that appro-
priate CT resulted in confirmation of the provisional
diagnosis in more instances than inappropriate CT (132
versus three; Fig 2). This observed difference was significant
with a small size effect (chi-squared [1, n=362]=8.58,
p=0.003, ¢=0.16).

Appropriateness of CT referrals and did the findings
change the proposed direction of care?

The results obtained from the chi-square test for inde-
pendence of the two categorical variables indicated that
appropriate CT resulted in a change in the proposed

Change in the proposed direction of care
160

120

Number of cases

] -

CT imaging which confimed diagnosis  CT imaging which did not confim diagnosis

Figure 1 Frequencies of cases with a change in the proposed direc-
tion of care for CT that confirmed the provisional diagnosis versus CT
that did not confirm the provisional diagnosis.
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Confirmation of Provisional Diagnosis

Number of cases

Appropriate CTs Inappropriate CTs

Figure 2 Frequencies of cases that confirmed the provisional diag-
nosis for appropriate versus inappropriate CT.

direction of care in more instances than inappropriate CT
(140 versus four; Fig 3). This observed difference was sig-
nificant with a small effect size (chi-squared [1, n=362]=
7.75, p=0.005, ¢=0.16; Electronic Supplementary Material,
Table S3).

Appropriateness, do the results confirm the provisional
diagnosis, and did the findings change the proposed di-
rection of care?

The 33 table for these categorical variables is presented
in Electronic Supplementary Material, Table S4. The result
obtained from the chi-square test for independence of the
three categorical variables indicated that appropriate CT
which confirmed diagnosis, resulted in a change in the
proposed direction of care in more instances than inap-
propriate CT which confirmed provisional diagnosis (115
versus one; Fig 4). This observed difference was significant
with a small size effect (chi-squared [1, n=362]=8.11,
p=0.004, Cramer’s V=0.24).

Discussion

CT referral

From the findings of the present study, 92% of all the CT
referrals, which were carried out for diagnostic purposes,
were found to be appropriate. This suggests a higher level of

Change in the proposed direction of care
160

120

80

Number of cases

40

0 ]

Appropriate CTs Inappropriate CTs

Figure 3 Frequencies of cases with a change in the proposed direc-
tion of care for appropriate versus inappropriate CT.
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Confirmed provisional diagnosis facilitated a change in the proposed
directionof care
160

120

80

Number of cases

40

Appropriate CTs

Inappropriate CTs

Figure 4 Frequencies of cases where the confirmed provisional
diagnosis facilitated a change in the proposed direction of care for
appropriate versus inappropriate CT.

performance with regards to the use of CT for diagnostic
processes. Therefore, it can be deduced that the specialist
physicians who practise in this rural hospital achieve im-
aging appropriateness at a very high standard. In the
Australian health system, a major index for measuring
performance and excellence in healthcare delivery is what
is referred to as the “Key Performance Index” (KPI).'®'° This
index is determined by the health department of individual
states and territories. Generally, most KPIs are set at a value
between 90% and 95% to encourage excellence in health
service delivery.’®! Going by this reference, a minimum
value of 90% appropriateness will be expected for the use of
CT for diagnostic purposes. Therefore, the performance of
the specialist physicians at this rural hospital (regarding
appropriate use of CT for diagnostic purpose) was
commensurate with what will be expected by the health
service department.

In the light of previous publications suggesting that
inappropriate imaging could be up to 35% of all imaging
(especially in urban settings),”>?! the performance of the
specialist physicians with regards to imaging appropriate-
ness (at 92%) in this rural hospital is somewhat better than
what has been previously reported in some urban medical
facilities.”"?? This is a significant finding considering that
this was a small/medium size local health facility, with only
five specialist physician servicing a population of over
40,000 people. Thus, the correct and judicious use of im-
aging resources is not limited to specialist practitioners in
urban and large cities, because, similar (or better) outcomes
can be achieved in rural and regional areas. Furthermore,
this finding may be a justification for the provision of health
resources for use in regional areas, and can also serve as
evidence that the provision of standard healthcare and the
utilisation of advanced technological based imaging pro-
cedures in rural and regional areas by health practitioners
may be as good as that obtained in large cities; however,
regarding health service delivery, “suboptimal” and “inad-
equate” imaging may both be considered as functionally
and possibly economically inappropriate imaging, and they
may represent CT examinations that could have been
avoided in the care of patients. From the current study,
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these two sub-categories of imaging constitute 16.6% of all
CT referrals that were carried out in this rural health facility
during the study period. Therefore, there is still room for
performance improvement in ordering CT examinations.

Characteristics and usefulness of appropriate CT

With regards to CT “confirming provisional diagnosis”
and facilitating a “change in the proposed direction of care”,
37.3% of all imaging referrals confirmed a provisional
diagnosis or produced positive findings, while 39.8% of all
CT referrals facilitated a change in the proposed direction of
care. In other words, at least 30—40% of all presenting pa-
tients will benefit from CT diagnostic imaging with regards
to their clinical care. The results obtained in the present
study indicated that, in a higher number of cases (80.6%),
the CT examination that confirmed the provisional diag-
nosis significantly facilitated a change in the proposed di-
rection of care. In essence, the use of CT as a vital health
resource in clinical practice is essential for quality patient
care,”” and evidently assists clinicians in making a diagnosis
and influencing patient care, thus facilitating a better health
outcome for patients.””> Therefore, the provision of such
diagnostic tool cannot be overemphasised; however, it is
also important to highlight the need for clinicians to always
consider imaging appropriateness when ordering CT for
diagnostic purposes. As revealed by the significant findings
of the present study, when compared with inappropriate CT
imaging, appropriate CT resulted in confirmation of the
provisional diagnosis in more instances than inappropriate
CT (132 versus 3). Similarly, appropriate CT resulted in a
change in the proposed direction of care in more instances
than inappropriate CT (140 versus 4). More so, appropriate
CT that confirmed the diagnosis facilitated a change in the
proposed direction of care more than inappropriate CT,
which confirmed provisional diagnosis (115 versus 1).
Importantly, these differences were statistically significant
and these results bear evidence to the fact that appropriate
use of imaging procedures, as supported by acceptable
clinical guidelines and standard protocols, will achieve the
best possible outcomes for patient care in most circum-
stances.”* Therefore, with regards to the use of CT in clinical
practice, in order to achieve the best outcomes for patients,
clinicians should always consider if ordering a diagnostic
imaging procedure is appropriate or not,”>** and their de-
cision should always be guided by appropriate guidelines
and protocols.

Importance of imaging guidelines and clinical decision
support

The findings from this study highlight the importance of
using imaging guidelines and clinical decision support tools
in clinical practice. In line with the principles of ‘Good
Clinical Practice’, the utilisation of recommended imaging
guidelines facilitates the delivery of ethical and scientific-
based quality healthcare service.”” In addition, the issues
regarding balancing usefulness/risk and cost are mostly
resolved when recommended guidelines and clinical
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decision support tools are applied when ordering imaging
procedures.'”?®?7 As recommended by the International
Atomic Energy Authority and World Health Organization,
the use of a clinical decision support tool may be essential in
enhancing justifiable imaging procedures whilst limiting
exposure to radiation,'? and such clinical decision support
systems has been shown to be clinically advantageous in
facilitating improvement in imaging appropriateness.'® In
fact, the introduction of clinical decision support tools
significantly facilitated increased overall yield and confir-
mation of diagnosis by CT imaging, whilst reducing inap-
propriate use of CT in numerous studies where such clinical
decision support tools were applied.”®> >! Hence, the use of
clinical decision support as a tool to aid appropriate
ordering of CT for diagnostic purposes is therefore
advocated.

Although some authors opined that most clinical prac-
tice guidelines and recommendations may be negatively
influenced by the opinions and clinical experience/exper-
tise of the practitioners comprising the “guideline devel-
opment group”,”>>> from the current study, it was noted
that the guidelines prepared by the Canadian Association of
Radiologists** and the American College of Radiology
appropriateness criteria>®> were in agreement in all cases,
despite being from two different countries. This observation
may suggest that the presumed negative impact of the
experience/expertise of the clinicians that make up the
guideline development group may be somewhat exagger-
ated. Instead, it may be argued that the experience/exper-
tise of the clinicians that make up the guideline
development group should be viewed as a positive influ-
ence upon the quality of the clinical guidelines being
developed. For instance, from the application of these two
guidelines in the current audit, it was clear that these im-
aging referral guidelines have a wide repertoire of differ-
ential diagnosis to which they can be applied, plus the
referral guidelines were presented in simple tables, which
described what investigation is recommended for each
differential diagnosis. In addition, clinical comments (to
help treating physician in making appropriate decisions) as
per the choice of preferred imaging procedure were also
presented under each possible differential diagnosis, and
the level of radiation for each type of imaging procedures
were also highlighted.>** Thus, it is appropriate to use
such quality guidelines especially when a wide range of
cases and differential diagnosis is to be considered.

The role of history taking and physical examination

In clinical practice, sometimes medical dilemmas make it
difficult to have a working diagnosis, and clinicians in such
situations may be tempted to resort to inappropriate im-
aging as a fishing exercise. Although such medical dilemmas
are rare, most patients present with conditions that can be
diagnosed if history taking and physical examinations are
undertaken appropriately, coupled with the appropriate use
of medical imaging by following standard procedures and
guidelines.”® ! The argument is that, history taking and
patient examination should help arrive at some working
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diagnosis and possible differentials,*® thus, medical imag-
ing should not be used as a “go to” process to cover for
inadequate diagnostic skills (which commonly results from
inadequate history, poorly conducted physical examination
and inappropriate use of laboratory investigations). More
so, as shown from the significant findings of this study, for
all categories of CT referrals, when a CT examination was
found to confirm a provisional diagnosis, it is more likely to
facilitate a change in the proposed direction of care or
facilitate the introduction of an additional care, thus influ-
encing the clinical management of the patient. Therefore,
regarding the clinical management of patients, the findings
from this study reinforce the importance of adequate his-
tory, detailed physical examination, and appropriate use of
laboratory investigations to reach a provisional diagnosis.
When these things are carried out appropriately, they
generally influence the choice of appropriate CT referrals,
and thus facilitate the best possible outcomes for the pa-
tients. This message is essential for all practitioners of all
stages including clinicians in postgraduate training and
medical students alike. Otherwise, clinicians may end up
becoming dependent entirely on diagnostic imaging pro-
cedure and this may result over time in the loss of clinical
confidence as clinical skills, clinical acumen, and the ability
to make timed clinical judgement are eroded.

In the present study, specialist physicians practising in a
rural hospital setting achieved CT appropriateness. Signifi-
cantly, appropriate CT confirmed the diagnosis and facili-
tated a positive change in patient care more often than
inappropriate CT imaging. Adequate history taking and
complete physical examination of patients are also impor-
tant, otherwise imaging procedures will be utilised as a
“fishing” tool, and these may not necessarily contribute to
the overall clinical management of the patient. Therefore,
adhering to recommended imaging clinical guidelines/
criteria and the use of clinical decision support tools are
essential for achieving imaging appropriateness in clinical
practice, irrespective of locality.
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