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BMJ Open publishes all reviews undertaken for accepted manuscripts. Reviewers are asked to 

complete a checklist review form (http://bmjopen.bmj.com/site/about/resources/checklist.pdf) and 

are provided with free text boxes to elaborate on their assessment. These free text comments are 

reproduced below.   

 

ARTICLE DETAILS 

TITLE (PROVISIONAL) Development and Validation of a Screening Tool for the 
Identification of Inappropriate Transthoracic Echocardiograms 

AUTHORS Fonseca, Ricardo; Pathan, Faraz.; Marwick, Thomas H 

 

VERSION 1 - REVIEW 

REVIEWER Dr Sanjeev Bhattacharyya 
Barts Heart Centre, St Bartholomew's Hospital, London, UK 

REVIEW RETURNED 04-Jun-2016 

 

GENERAL COMMENTS Application of appropriateness criteria to imaging referrals are a way 
of ensuring resources are targeted towards investigations which are 
likely to improve care and outcomes and reduce waste. Despite 
recognition that a substantial proportion of investigations are 
deemed inappropriate and unlikely to benefit patient care there is a 
paucity of effective ways to reduce inappropriate testing. 
Echocardiography is one of the most commonly requested 
cardiovascular imaging tests.  
 
Fonesca and colleagues examined referral requests for 
echocardiography and identified common features associated with 
inappropriate testing and derived 4 questions which would help 
identify these tests. Positive answers to two or more of these 
questions predicted an inappropriate test with a sensitivity of 80% 
and specificity of 95%.  
 
This is a very important topic. Identification of a method to reduce 
inappropriate testing may reduce costs and unnecessary 
investigations, thereby focusing resources where they are more 
likely to benefit patient care. The authors have developed a simple, 
practical and easy-to-apply method to achieve this.  
 
I have the following comments:  
 
1. The authors quote sensitivity, specificity and predictive values 
where two or more positive answers to the question were identified 
(table 2). ≥2 affirmative answers provided 80% sensitivity for 
identifying an inappropriate study. What does the analysis for ≥3 or 4 
affirmative answers provide? Does it improve sensitivity further?  
 
2. At what point in the referral pathway would this questionnaire be 
implemented?  
For example if it was combined with the paper/electronic request 
form as a checklist this might prevent physicians requesting 
inappropriate tests at source. If it relied on staff within the imaging 
laboratory to screen the request after it was received and the 
request was declined this may lead to a physician having to re-
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contact a patient to inform them that they are no longer going to 
have the test.  
 
3. Around 10% of echocardiograms are deemed inappropriate. 
Readers may be unfamiliar with the actual resource implications this 
has. It may be useful to give the reader an indication of the volume 
of echocardiograms performed within a single centre or preferably 
nationally and thereby the volume of inappropriate testing. It would 
also be useful to discuss the cost implications associated with this. 

 

REVIEWER Warren J. Manning 
Beth Israel Deaconess Medical Center, Boston 

REVIEW RETURNED 24-Jun-2016 

 

GENERAL COMMENTS In this study, Fonseca and colleagues devise a utility to identify 
rarely appropriate echo referrals. First, from a retrospective test set 
of 814 TTE requests, they identify the two most common rarely 
appropriate referrals (evaluation of asymptomatic valve or structural 
heart disease and transient fever without evidence of bacteremia or 
a new murmur. These represent 36% and 26% of rarely appropriate 
referrals, respectively. They then develop and test a 4 question “test” 
threshold for which 2 or more affirmative answers qualifies a request 
as appropriate and test this in a second dataset of 499 internal 
referrals followed by an external validation dataset in 880 requests 
from a regional referral center in which the most common rarely 
appropriate indications were routine surveillance (<1yr) without a 
change in status, initial evaluation of ventricular function with no 
symptoms or signs of CV disease and transient fever without 
evidence of bacteremia or new murmur. For the internal validation 
cohort, the 4-question test identified 18% of requests as being rarely 
appropriate of which 7.4% were actually rarely appropriate for a 
sensitivity and specificity of 84% and 87%, respectively. In the 
second dataset, 11% of requests needed to be screened of which 
the appropriateness sensitivity and specificity were 80% and 95%, 
respectively. The PPV (table 4) is quite modest at 34-62%. The 
negative predictive value is quite high (0.98), but in a study cohort in 
which 92% of studies are appropriate, the NPV is of lower interest.  
 
The paper is well written and the issue of echo referral 
appropriateness is one of considerable current interest. An 
unanswered question is what rarely appropriate threshold is 
reasonable. Surely if we have 0% rarely appropriate referrals, it is 
likely that some “appropriate studies” are not be performed. My 
“guess” is that 5-10% threshold is likely the goal to which we should 
strive – and this makes it difficult when the baseline is 87.4-8.5% in 
the institutions that are studied. With specificities of 87% and 95%, it 
would seem that many “appropriate” referrals will be identified as 
rarely appropriate. They characterize their process as a “point of 
service questionnaire – but it would seem that it is really a “point of 
order” process.  
 
Specific Comments:  
1.Were there any unsuspected/previously unknown pathologic 
findings in the “rarely appropriate” cohort? i.e., studies that were 
inappropriately ordered, but perhaps demonstrated previously 
unknown/new important pathology.  
2.Are the values for sensitivity and specificity reflect data for the 
entire cohort? If so, then it would seem that applying this system 

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2016-012702 on 5 O

ctober 2016. D
ow

nloaded from
 

http://bmjopen.bmj.com/


would “block” more appropriate studies then inappropriate studies.  
3.Q3 is interesting – why should a prior TTE study in the past year 
be a question? It would seem that the results of that TTE may be 
relevant, but not the mere presence of a prior study. i.e., whether it 
was “normal” or whether it had new pathology.  
4.Is there information that can be derived regarding age, gender and 
prior “normal” echo.  
5.  
Minor comments:  
1. Reference #1 has errors  
 
 
 
REVIEW CHECKLIST:  
 
4. Are the methods described sufficiently to allow the study to be 
repeated? PARTIALLY  
 
10. Are they presented clearly? PARTIALLY  
 
11. Are the discussion and conclusions justified by the results? 
PARTIALLY  
 
12. Are the study limitations discussed adequately? PARTIALLY 

 

VERSION 1 – AUTHOR RESPONSE 

Response to Reviewer 1 (Dr Sanjeev Bhattacharyya)  

1. The authors quote sensitivity, specificity and predictive values where two or more positive answers 

to the question were identified (table 2). ≥2 affirmative answers provided 80% sensitivity for identifying 

an inappropriate study. What does the analysis for ≥3 or 4 affirmative answers provide? Does it 

improve sensitivity further?  

Thank you for the feedback. We have explored the threshold of affirmative responses during our 

analysis. The sensitivity and specificity of three or more affirmative responses was 59% and 91% in 

the internal validation cohort and 35% and 99% in the external validation cohort respectively. There 

were no cases with four affirmative answers. As this is a screening tool, the drop in sensitivity was not 

acceptable.  

 

2. At what point in the referral pathway would this questionnaire be implemented? For example, if it 

was combined with the paper/electronic request form as a checklist this might prevent physicians 

requesting inappropriate tests at source. If it relied on staff within the imaging laboratory to screen the 

request after it was received and the request was declined this may lead to a physician having to re-

contact a patient to inform them that they are no longer going to have the test.  

This tool can be applied any time from point of order/care to point of service. We have concerns about 

the transparency of the point-of-order tools to ensure appropriateness, as clinicians may tick 

“appropriate” boxes that aren’t the reason for the echo. Therefore, this questionnaire was designed to 

be used at the point of service. This has been detailed in our discussion section, page 10:  

“Several attempts have been made to improve appropriateness at the point-of-order, implementing 

software to control the request of inappropriate tests. However, the use of those tools at the point-of-

order is susceptible to indication drift: for example, the real indication 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 behaviour. Our proposed method could be used to facilitate 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 
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tests at the time of scheduling”  

 

However, you have identified an important issue regarding management of inappropriate requests at 

point of service. The scope of this study was identification of inappropriate requests. In response of 

your feedback, we have added the following to the manuscript:  

Page 10: “A comprehensive plan 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 appropriate” test is scheduled.”  

 

3. Around 10% of echocardiograms are deemed inappropriate. Readers may be unfamiliar with the 

actual resource implications this has. It may be useful to give the reader an indication of the volume of 

echocardiograms performed within a single centre or preferably nationally and thereby the volume of 

inappropriate testing. It would also be useful to discuss the cost implications associated with this.  

Thank you for the feedback. We agree that it is important to give unfamiliar readers a perspective of 

the cost implications of inappropriate use. We have added the following paragraph to our manuscript:  

Page 12: “The proportion of inappropriate studies varies between 7% and 23%.1 2 Our study shows 

an inappropriate rate of 7.4% to 8.5% . Experience from elsewhere in Australia has demonstrated 

inappropriate rates of 20%.3 In 2015, the total Medicare reimbursement for transthoracic 

echocardiography was approximately A$186.0 million.4 Assuming a rate of inappropriate 

echocardiography between 7% and 20%, the cost to the Australian health system of inappropriate 

transthoracic echocardiography would be between AU$13.0-37.2 million. The healthcare costs are 

proportionate to the use of transthoracic echocardiography and prevalence of appropriate use”.  

 

Response to Reviewer 2 (Dr Warren J. Manning)  

1. An unanswered question is what rarely appropriate threshold is reasonable. Surely if we have 0% 

rarely appropriate referrals, it is likely that some “appropriate studies” are not be performed. My 

“guess” is that 5-10% threshold is likely the goal to which we should strive – and this makes it difficult 

when the baseline is 87.4-8.5% in the institutions that are studied.  

Thank you for the feedback. We agree that the ideal appropriate threshold is currently undefined. Our 

rate of inappropriate requests of 7.4% (Internal validation) and 8.5% (External validation) are close to 

the 5-10% threshold you have recommended. We don’t think that because we are doing well, this 

invalidates trying to identify an approach to this problem. However, we did need to analyze a large 

number of studies (>2000), which would not have been necessary in an environment with more 

inappropriate use. We have acknowledged this in the limitations as follows:  

“Furthermore, although our rate of inappropriate use is lower than reported in other institutions, and 

could be seen as a limitation, we overcame this issue by performing an analysis of over 800 requests 

in the derivation process. We also validated this questionnaire in over 1200 patients (internal and 

external validation cohorts).”  

 

2. With specificities of 87% and 95%, it would seem that many “appropriate” referrals will be identified 

as rarely appropriate.  

This questionnaire is not a replacement of the AUC criteria – it is simply a tool to flag potentially 

inappropriate requests. Using this approach, instead of checking every request against the AUC, our 

results show only 11-18% of requests need to be checked against the AUC, thereby minimising 

interruption of workflow. More detail is given in response to specific question #2.  

 

3. They characterize their process as a “point of service questionnaire – but it would seem that it is 

really a “point of order” process.  

As mentioned in response to the same concern expressed by reviewer 1, this tool can be applied any 

time from point of order/care to point of service. We have concerns about the transparency of the 

point-of-order tools to ensure appropriateness, as clinicians may tick “appropriate” boxes that aren’t 

the reason for the echo. Therefore, this questionnaire was designed to be used at the point of service. 
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This has been detailed in our discussion section, page 10:  

“Several attempts have been made to improve appropriateness at the point-of-order, implementing 

software to control the request of inappropriate tests. However, the use of those tools at the point-of-

order are susceptible to indication drift: for example, the real indication 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 behaviour. Our proposed method could be used to facilitate 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”  

 

However, you have identified an important issue regarding management of inappropriate requests at 

point of service. The scope of this study was identification of inappropriate requests. In response of 

your feedback, we have added the following to the manuscript:  

Page 10: “A comprehensive plan 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 appropriate” test is scheduled.”  

 

Specific Comments:  

1. Were there any unsuspected/previously unknown pathologic findings in the “rarely appropriate” 

cohort? i.e., studies that were inappropriately ordered, but perhaps demonstrated previously 

unknown/new important pathology.  

This is an important question that gets to the possible inconsistency between appropriateness and 

clinical utility. A couple of previous studies have addressed this, and we have expanded on this point 

in our manuscript.  

“Parker Ward demonstrated that 17% of inappropriate tests had “new important TTE abnormalities” 

and Matulevicius showed that 21.7 % of Rarely Appropriate 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 cardiovascular imaging, decision-making has to be informed by 

individual characteristics”. (Page 11)  

 

2. Are the values for sensitivity and specificity reflect data for the entire cohort? If so, then it would 

seem that applying this system would “block” more appropriate studies then inappropriate studies.  

The values for sensitivity and specificity are reported for each cohort (internal and external validation). 

For example, in the internal validation cohort, 18% of studies were flagged as potentially inappropriate 

(not blocked or cancelled). These are the requests that should be discussed with the referring 

physician regarding appropriateness. This questionnaire is not a replacement of the AUC criteria – it 

is simply a tool to flag potentially inappropriate requests. Using this approach, instead of checking 

every request against the AUC, our results show only 11-18% of requests need to be checked against 

the AUC, thereby minimising interruption of workflow.  

 

3.Q3 is interesting – why should a prior TTE study in the past year be a question? It would seem that 

the results of that TTE may be relevant, but not the mere presence of a prior study. i.e., whether it 

was “normal” or whether it had new pathology.  

As described in the methods section, the process of selecting questions was based on the 

characteristics of RA tests in our derivation cohort and also accounted for published characteristics 

seen in the Choosing Wisely programme and published research. Previous literature has identified 

the presence of a prior echo as marker of inappropriateness. Our results are consistent with this data 

with 28% of inappropriate echoes having had an echocardiogram within the previous year, regardless 

of the result of the echo (normal or abnormal). We have provided additional information regarding this 

in our manuscript:  

Page 9: “Similarly other authors identified that 54% of inappropriate requests had a TTE within the 
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previous year. Although only 28% of the inappropriate studies in the derivation cohort had a TTE 

within the previous year, we included this question to improve the strength of our model.”  

 

4.Is there information that can be derived regarding age, gender and prior “normal” echo.  

We modelled our questionnaire according to the AUC which do not use age or gender as a 

discriminatory characteristic of appropriateness. The AUC do not make specific reference to a normal 

previous echocardiogram. The closest reference, is indication 12 (Evaluation of LV function with prior 

ventricular function evaluation showing normal function (e.g., prior echocardiogram, left 

ventriculogram, CT, SPECT MPI, CMR) in patients in whom there has been no change in clinical 

status or cardiac exam). Although we have used this indication 12 to classify inappropriate use, it was 

not common, and therefore, it was not a strong marker of inappropriateness.  

 

Minor comments:  

1.Reference #1 has errors  

Thank you. We have amended this.  

 

 

REVIEW CHECKLIST:  

1. Are the methods described sufficiently to allow the study to be repeated? PARTIALLY  

10. Are they presented clearly? PARTIALLY  

11. Are the discussion and conclusions justified by the results? PARTIALLY  

12. Are the study limitations discussed adequately? PARTIALLY  

We have responded to questions raised about methodology which we hope addresses these 

concerns. We’d be happy to make additional specific changes if matters remain unclear. We have 

added to the discussion regarding limitations based on reviewer feedback. (see above).  
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VERSION 2 – REVIEW 

REVIEWER Dr Sanjeev Bhattacharyya 
Barts Heart Centre, St Bartholomew's Hospital  
Institute of Cardiovascular Sciences, UCL  
London, UK 

REVIEW RETURNED 26-Jul-2016 

 

GENERAL COMMENTS The authors have answered my comments satisfactorily.  
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