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ABSTRACT
Objective: We sought whether simple clinical markers
could be used in a questionnaire for recognition of
inappropriate (or rarely appropriate, RA) tests at point-
of-service. Most applications of appropriateness criteria
(AC) for transthoracic echocardiogram (TTE) have been
at the point of order, but a simple means of identifying
RA tests in an audit process would be of value.
Design, setting and participants: The study was
performed in 2 major hospitals in Tasmania. 2
reviewers created a questionnaire based on 4 questions
most commonly associated with RA (suspected
endocarditis with no positive blood cultures or new
murmur, lack of cardiovascular symptoms or no
change in clinical status or cardiac examination, routine
surveillance and previous TTE within a year) in a
derivation cohort of 814 patients. This was
prospectively applied to 499 TTEs to calculate
sensitivity and specificity for prediction of RA, and
validated in the external group (n=880).
Results: Of 499 prospective TTEs, the questionnaire
selected 18% requests as being potentially RA.
As 7.4% were actually RA (κ 89%), the sensitivity and
specificity of the questionnaire were 84% and 87%,
respectively. In the external validation cohort, the
model found 11% requests needed to be screened for
appropriateness with a sensitivity and specificity of
80% and 95%.
Conclusions: A questionnaire based on 4 questions
detects a high proportion of RA TTE, and could be
used for audit.

INTRODUCTION
Investigations constitute an important com-
ponent of resource utilisation and waste in
medicine. The appropriateness criteria (AC)
for transthoracic echocardiography (TTE)1

have become widely adopted in the USA,
and seek to control resource usage, reduce
variability of practice and to improve
decision-making and patient care.2

Evaluations of appropriate use have exposed
potential targets for improvement,3 4 but

despite attempts to decrease rarely appropri-
ate (RA) testing at the point of order, there
is limited evidence of a decline in the
number of tests,5–9 and in some cases, results
are contradictory.4 10 AC are probably not
responsible for the reduction in imaging
over the past decade;11 the trend of appro-
priate and RA tests has not improved during
this time.12 This lack of clear improvement
in the rate of RA tests12 contrasts with the
heightened level of awareness on RA test
use.2 5 13 A recent review noted that guide-
lines for quality in cardiovascular imaging
advocate implementation of AC, though
there are limited effective methods to reduce
the rate of inappropriate testing. They
contend that part of the complexity of imple-
menting AC may be unfamiliarity with the
classification and the time required to review
each imaging request with the guidelines.14

Various processes have been devised to
police RA requests by screening at
point-of-order, for example, based on the use
of radiology benefit managers or software
integrated with the ordering process.15–17 An

Strengths and limitations of this study

▪ Four binary questions encapsulate characteristics
of rarely appropriate (RA) tests according to the
appropriate use criteria for echocardiography.

▪ The questionnaire, applied to the transthoracic
echocardiogram requests, selected around one
in five requests as being potentially RA.

▪ Two or more affirmative answers had a high sen-
sitivity and specificity to discriminate RA tests.

▪ It is a feasible tool which can be used at the
point of service to screen for inappropriate tests
with a low impact on the workflow.

▪ The use of this approach requires review of
medical records to adjudicate appropriateness
when inadequate information is provided on the
request form.
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alternative approach might be laboratory-based,6 but
matching patient details against >100 AC is impractical
and inefficient. In this study, we sought to determine
whether a simple point-of-service questionnaire (PSQ)
based on the most common RA characteristics according
to the 2011 AC for TTE1 18 could facilitate recognition
of these tests in the echocardiography laboratory.

METHODS
We sought to develop the PSQ and then perform a diag-
nostic accuracy analysis.19 The model was developed in
three steps (figure 1). Eligible requests were selected
from two separate hospitals and at the times specified in
steps 1–3. TTE requests were excluded for analysis if the
patient was <18 years, or if classification was not possible
because of insufficient clinical documentation.
The study design pertained to appropriate selection of

tests already ordered by the patient’s physician. We
elected not to discuss the uncertainties about appropri-
ate use with these patients. Nonetheless, we have dis-
cussed appropriate use with patient representatives in
meetings about medical expenditure in Australia.
Because of the copayments associated with outpatient
echocardiography in this country, this is perceived as a
very important topic.
Our target condition was to determine ‘inappropriate’

(also known as ‘rarely appropriate’, RA) TTE requests at
the point of service as adjudged by the reference stand-
ard with the ‘Appropriateness Criteria for echocardiog-
raphy (AC)’.1 We developed then assessed the index test
(PSQ). We compared the accuracy of our index PSQ
model with the reference AC standard by evaluating sen-
sitivity, specificity, positive and negative predictive value
for each of the responses as well for each of the possible
cut points: one affirmative answer versus two affirmative
answers versus three affirmative answers.
1. Derivation of model: The most common causes of

inappropriate tests described by the 2011 AC for TTE
were identified from a retrospective group of 814
TTE requests, at a teaching hospital. After this ana-
lysis, four questions which summarise those character-
istics were identified. The ‘PSQ’ comprised binary
questions based on the characteristics of RA tests in
our derivation cohort and also accounted for pub-
lished characteristics seen in the choosing wisely pro-
gramme14 and published research.18

2. Internal validation: We then tested these questions in
an internal validation cohort to ascertain their ability
to identify RA requests as judged against the gold
standard (AC code for a specific request). The four
most common characteristics for RA tests (PSQ) were
applied prospectively to all the requests (n=499) for a
TTE at the same tertiary referral hospital, between
March and May 2015.

3. External validation: The PSQ was applied to a cohort
of 880 requests at a regional referral hospital
between May and August 2015.

Patient demographic information, inpatient/out-
patient distribution, referring physician (cardiologist or
not) and the indication for the study were determined
from the request form. Investigators reviewed the digital
medical record to capture any additional information,
especially when confronted with inadequate informa-
tion. The time required to access additional information
was recorded whenever such an action was necessary
and the result was averaged for all such requests.
For each of the steps, a general physician (RF) and a

cardiologist (FP) independently recorded the results for
each of the questions in the PSQ. Appropriateness of
requests was scored by the same observers, independently
of the PSQ evaluation, using the 2011 AC.1 Each study
was scored as appropriate, RA (previously described as
‘inappropriate’) or maybe appropriate (previously
‘uncertain’). If the main indication was not listed in the
AC, investigators were asked to select ‘Not classifiable’.2

When there was disagreement, a consensus between
reviewers was reached. If no consensus was attained, a
third investigator (THM) reviewed the data and deter-
mined AC score. This AC score served as the ‘Gold
Standard’ by which the PSQ was assessed. Where a repeat
study was performed to guide management (eg, repeat
TTE to evaluate reverse remodelling after 3–6 months of
medical therapy), despite two affirmative responses, this
request was classified as appropriate as per the AC guide-
lines on studies which are used to guide management.
The sensitivity, specificity, positive likelihood ratio and

OR were used to define the PSQ accuracy for the predic-
tion of RA requests using R software (R Development
Core Team. R: a language and environment for statistical
computing. R Foundation for Statistical Computing,
Vienna, Austria. ISBN 3-900051-07-0. 2008. http://www.
R-project.org). The above parameters were analysed for
each affirmative response and cumulatively. During indi-
vidual analysis, a single affirmative response (question 1,
2, 3 or 4) was compared with ‘no affirmative responses’.
For the assessment of the cumulative affirmative
responses, comparison was made to ‘no affirmative
responses’ and to ‘no or one affirmative response’.

Figure 1 Design of the study.
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Interobserver variability in the scoring process to
determine level of appropriateness was defined using κ
statistics.

RESULTS
Predictors of RA tests were sought in a group of 814
patients among whom 9% were RA. Our results revealed
the RA requests corresponded with indications where
there were no new symptoms or no change in clinical
status or cardiac examination (indications 35, 53, 10, 8
of the AC) and indications for routine surveillance (indi-
cations 88, 11, 13, 40, 28). We sought to distil the under-
lying markers of an inappropriate request using ‘routine
studies’ and the ‘absence of a change in clinical status
or new symptoms’ which accounted for 88% of RA
requests. Furthermore, 28% of RA tests had a TTE
within the previous year. Additionally, there was a spe-
cific clinical situation that accounted for the 26% of RA
tests (Indication 53: transient fever without evidence of
bacteraemia or new murmur).
We identified four features associated with RA tests:

evaluation in the absence of symptoms/signs of cardiac
disease or no change in clinical status, routine surveil-
lance, existence of a previous TTE within the year of the
new TTE request and suspected endocarditis with no
positive blood cultures or new murmur (table 1).
Based on the above, we developed a PSQ composed of
four binary questions:
Q1: Was the scan requested in the absence of new car-
diovascular symptoms, or change in clinical status or
cardiac examination? Note that it requires symptoms
to be cardiovascular (this would include transient
ischaemic attacks, strokes). Pre-existing symptoms or
signs such as a long-standing murmur or dyspnoea
which has been evaluated and have not changed
would score as a ‘yes’ response. Therefore, a ‘yes
response’ (affirmative response) to question 1 means
the patient does not have any new cardiovascular sign
or symptom or in those with pre-existing cardiovascu-
lar illness, there has not been a worsening of their
clinical status.

Q2: Is this a routine surveillance scan? This captures
tests being considered for a ‘periodic’ evaluation since
a certain period of time has elapsed. The test is not
being ordered due to the anticipation of changing
clinical decision-making or guiding therapy.

Q3: Has there been a previous TTE within the last year?
Q4: Is the test requested for suspected endocarditis with
no positive blood cultures or new murmur?
PSQ was applied to 501 studies in the internal valid-

ation cohort at a tertiary referral hospital and to 881
TTE requests at a regional hospital (external validation
cohort). Two requests within the internal validation
cohort and one request in the external validation cohort
were not classifiable as it was not possible to collect
information to answer the questionnaire. Final analysis
was made in 499 TTE requests in the internal validation
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and 880 TTE requests in the external validation groups,
respectively.
Table 2 shows study characteristics and appropriate-

ness classification by group. The internal and external
validation cohorts are well matched; however, the former
group had a lower proportion of outpatients. The 10
most common RA indications in the internal validation
group are described in table 3. Inter-rater agreement for
scoring between both reviewers was high (κ=89%).
When question 1 (no change in symptoms/no change

in clinical status/no change in cardiac examination) was
answered affirmatively, it had a higher OR, greater
positive predictive value and positive likelihood ratio
to pick up possible RA tests when compared independ-
ently with other questions. This was driven by examin-
ation of asymptomatic or stable patients (see online
supplementary table S1).
In the internal validation cohort, 18% of the tests had

≥2 affirmative answers (two ‘yes’ responses). A PSQ with
≥2 affirmative responses had an OR 33.96 (13.61 to
84.78), sensitivity 0.84 (0.68 to 0.94) and specificity of
0.87 (0.83 to 0.90) for RA.

In the external validation group (n=880), ≥2 affirma-
tive answers were 11% of total requests; it had a sensitiv-
ity of 80%, specificity of 95% and OR 83.01 (table 4).
The PSQ with ≥2 affirmative responses identified

84%, and 80% of the inappropriate tests in the internal
and external validation cohorts, respectively.
Around 20% of the TTE requests provided inadequate

information and it was necessary to check the digital
medical records (table 5).

DISCUSSION
The approach proposed in this study has been to encap-
sulate the essence of the RA tests into four binary ques-
tions which can be used rapidly to screen for these
inappropriate requests. The questions which we have
used are consistent with published literature with the
choosing wisely programme identifying ‘Routine studies’
and ‘no change in signs or symptoms’ as unnecessary
repeat testing.14 Similarly, other authors identified that
54% of inappropriate requests had a TTE within the last
year.18 Although only 28% of the inappropriate studies

Table 3 Ten most common rarely appropriate indications in prospective internal validation cohort

Indication # Proportion

88 Routine surveillance (<1 year) of known cardiomyopathy without a change in clinical status or cardiac

examination

7 0.19

10 Initial evaluation of ventricular function (eg, screening) with no symptoms or signs of cardiovascular

disease

5 0.14

53 Transient fever without evidence of bacteraemia or a new murmur 4 0.11

60 Routine surveillance of known small pericardial effusion with no change in clinical status 3 0.08

35 Initial evaluation when there are no other symptoms or signs of valvular or structural heart disease 2 0.05

36 Re-evaluation in a patient without valvular disease on prior echocardiogram and no change in clinical

status or cardiac examination

2 0.05

40 Routine surveillance (<1 year) of moderate or severe valvular stenosis without a change in clinical

status or cardiac examination

2 0.05

48 Routine surveillance (<3 years after valve implantation) of prosthetic valve if no known or suspected

valve dysfunction

2 0.05

74 Routine surveillance (<1 year) of HF (systolic or diastolic) when there is no change in clinical status or

cardiac examination

2 0.05

79 Routine surveillance (<1 year) of implanted device without a change in clinical status or cardiac

examination

2 0.05

Table 2 Study characteristics and appropriateness classification according to groups

PSQ derivation

cohort (n=814)

Internal validation

cohort (n=499)

External validation

cohort (n=880) p Value

Age, years (median (IQR)) 65.00 (52.00–76.00) 67 (55–76) 70 (58–80) <0.01

Male, n (%) 444 (54.6) 256 (51.3) 449 (51.0) 0.96

Outpatient, n (%) 573 (70.4) 289 (57.9) 661 (75.1) <0.01

Referred by cardiologists, n (%) 348 (42.8) 253 (50.7) 686 (78.0) <0.01

Appropriateness score

Appropriate, n (%) 707 (86.9) 431 (86.4) 774 (88.0) <0.01

RA appropriate, n (%) 68 (8.4) 37 (7.4) 75 (8.5)

May be appropriate, n (%) 13 (1.6) 18 (3.6) 7 (0.8)

Unclassifiable, n (%) 26 (3.2) 13 (2.6) 24 (2.7)

Data in bold typeface denote statistically significant results.

4 Fonseca R, et al. BMJ Open 2016;6:e012702. doi:10.1136/bmjopen-2016-012702
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in the derivation cohort had a TTE within the previous
year, we included this question to improve the strength
of our model. Finally, given the high prevalence of
inappropriate endocarditis requests (26% in our deriv-
ation cohort), it was included as the final question in
our model.
The primary finding of this study is that the applica-

tion of the PSQ is feasible, and it identifies a high pro-
portion of RA tests without the need to review all the
TTE requests against the AC. An affirmative response to
any of the questions increases the likelihood of a test
being deemed RA, and when two (or more) of the ques-
tions were answered affirmatively, the chance of deter-
mining a test as inappropriate increased more than 33
times. The results were consistent in the different
cohorts and scenarios (inpatients/outpatients, test
referred by cardiologists/non-cardiologists). We propose
a PSQ-based method for screening appropriateness
(figure 2). Using this model less than one-fifth of TTE
requests would need to be audited against the AC,
thereby minimising interruption of workflow.
Nevertheless, occasional requests such as asymptomatic
severe mitral regurgitation surveillance within 1 years
(AC indication 45: uncertain) or repeat echocardiog-
raphy for a heart failure patient on optimal medical
therapy without a change in sings on symptoms to guide
therapy (AC indication 73: appropriate) could still be
performed, despite two affirmative responses.
The use of radiology benefit management companies

(RBM) is still an important pole in the process of per-
formance of cardiac imaging, although one of the aims
of the AC was to reduce the need of those companies.20

Prior authorisation and claim denials continue to be the
top challenges of the process.21 The results of this study
show that the use of the questionnaire provides a trans-
parent solution which can be implemented with
minimal delay at point-of-service, thereby minimising
the need for RBMs or other middlemen.
Several attempts have been made to improve appropri-

ateness at the point-of-order, implementing software to
control the request of inappropriate tests.7 17 22

However, the use of those tools at the point-of-order is
susceptible to indication drift: for example, the real indi-
cation for testing may be RA, but inactive problems are
appropriate. Perhaps for this reason, the AUC literature
has shown little or no improvement in requesting beha-
viour.7 17 Our proposed method could be used to facili-
tate appropriate use audits (simplifying to 4 questions
from >200 AUC, which is useful where these data are
not available in electronic format), or added to the
current appropriate use process at the point-of-service.
At that level, the proposed approach provides a simple
screening tool to flag possibly inappropriate tests at the
time of scheduling.
In our study, the prevalence of RA tests varied

between 7% and 9%. These values fall on the lower end
of the prevalence distribution of RA tests documented
in various studies.4 12 18 22–25 A comprehensive plan
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detailing the management of inappropriate requests
found at the point of service is lacking. At the very least,
a clear and effective communication strategy needs to be
in place to inform a discussion before a ‘rarely appropri-
ate’ test is scheduled.
This questionnaire should act as a prompt to refer to

the AC rather than an absolute assessment of appropri-
ateness. Education has resulted in increased awareness
of the AC without a significant change in clinical prac-
tice.12 It is intuitive to entrust point-of-care policing
regarding the appropriateness of an investigation to
those with the greatest experience. However, such a
policy may result in interruption of workflow, delays and
a greater burden on already busy echocardiography
units. Our results show that the use of four simple
binary questions identifies RA tests with a high sensitivity
and specificity. The questionnaire identifies potential RA
requests which can then be confirmed by reference to
the AC (available online, inprint or as a mobile phone
applications) or by discussing the case with a cardiologist
at the echocardiographic laboratory or with the refer-
ring physician.
The use of the questionnaire may face some chal-

lenges. First, the need to review medical records to adju-
dicate appropriateness when inadequate information
was provided on request forms is a potential limitation.
However, corroboration of clinical history is a common
clinical practice in all imaging units as it is mandatory to
establish the question being asked of an investigation
and is essential to implementing a Bayesian approach to
reporting. This raises a second issue which is quality
control of echocardiography requests. We identified

20% of requests as inadequate requiring further corrob-
oration of clinical history. This result was similar to
recent published data which found in a review of 1303
requests that 26.2% were inadequate to determine
adherence to AC.26 The study concluded that the top
three reasons for inadequacy were failure to report
change in clinical status or cardiac examination, date of
prior echocardiogram and type and severity of valvular
lesion. Though the last two would be easily accessible in
any echocardiographic laboratory (assuming the previ-
ous studies were performed within that laboratory), the
first failure is critical in determining appropriateness.
Clearly, it follows that access to electronic medical
records is a necessary and essential component of an
echocardiographic laboratory’s workflow.
Second, the possible difference in referral patterns

between hospitals and private labs may impact on the
positive predictive value of our questionnaire. The
private/public divide varies tremendously across coun-
tries and to date has not been assessed in regard to com-
pliance with AC. Though our criteria address the issue
of awareness and simplicity perhaps the greatest chal-
lenge facing an overburdened medical infrastructure is
the systemic dependence of investigations.
Furthermore, although our rate of inappropriate use

is lower than reported in other institution, and could be
seen as a limitation, we overcame this issue by perform-
ing an analysis of over 800 requests in the derivation
process. We also validated this questionnaire in over
1200 patients (internal and external validation cohorts).
Finally, previous researchers have sought to differenti-

ate the appropriateness of a study from its clinical utility

Table 5 Differences in time when medical record (DMR) needed to be checked

Internal validation cohort External validation cohort

Yes No Yes No

Needed DMR 95 (0.19) 404 (0.81) 168 (0.19) 712 (0.81)

Seconds (median (IQR)) 120 (62–120) 18 (14–21) 80 (63–98) 12 (9–20)

Figure 2 Comparison between the appropriateness criteria model and point-of-service-questionnaire model.
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arguing an RA test does not necessarily mean a clinically
useless one nor does an appropriate request always cor-
respond with a useful one.18 25 Ward demonstrated that
17% of inappropriate tests had ‘new important TTE
abnormalities’ and Matulevicius showed that 21.7% of
RA tests led to an active change in management. Thus,
while the identification of inappropriate tests is a step on the
path to improving quality and appropriateness in cardiovascu-
lar imaging, decision-making has to be informed by individual
characteristics.
How we handle RA requests will ultimately have finan-

cial and clinical implications. The proportion of inappro-
priate studies varies between 7% and 23%.12 14 Our study
shows an inappropriate rate of 7.4–8.5%. Experience
from elsewhere in Australia has demonstrated inappropri-
ate rate of 20%.27 In 2015, the total Medicare reimburse-
ment for TTE was ∼A$186.0 million.28 Assuming a rate of
inappropriate echocardiography between 7% and 20%,
the cost to the Australian health system of inappropriate
TTE would be between AU$13.0 and 37.2 million. The
healthcare costs are clearly proportionate to the use of
TTE and prevalence of appropriate use.
A mandatory AC score (appropriate or otherwise) or

point-of-service score tied to funding would enhance
compliance with AC and enable continuous auditing of
resource usage. There are >100 categories of appropri-
ateness and the incremental workflow issues are prohibi-
tive. We proposed an alternative approach where
response to the PSQ serves as a less cumbersome
beacon of appropriateness.
We have demonstrated that ≥2 affirmative answers at a

simple PSQ detect a high proportion of RA tests. This
approach can be used as a red flag for inappropriate
examinations and a prompt to further discussion about
the suitability for testing in individual patients. We propose
this PSQ can be a quality control tool that captures the
majority of inappropriate use, in the absence of the infra-
structure that supports AC in North America, and a simple
marker for departmental and regional audits.
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