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VERSION 1 - REVIEW 

REVIEWER Erin Colligan 
Centers for Medicare and Medicaid Services, USA 

REVIEW RETURNED 21-Apr-2016 

 

GENERAL COMMENTS This article presents an interesting approach to classifying 
emergency department visits using critical care and procedure 
codes. I have some suggestions about the organization of the article 
and requests for more detail in some areas, but overall I think this 
study is a valuable contribution to the ED and Medicare literature.  
Page 4 Line 1: I suggest “older adults” instead of “older people”  
Page 4 Lines 32-34: The sentence “Identifying less severe ED visits 
is a priority for determining the most beneficial sources of medical 
care” is unclear and doesn’t convey the meaning I think you 
intended. I suggest, “Identifying less severe ED visits is a priority for 
determining the most appropriate setting for medical care.”  
Page 5 Lines 11-17: Do you have any citations of articles that 
express concern with the Billings algorithm?  
Page 7 – Table 1 needs explanations for what history, exam, and 
decision-making mean in this context. I suggest deleting the column 
counseling/coordination of care because it’s ambiguous and it’s the 
same for all 5 codes  
Page 8 – It would be easier to follow if you specify what ED indicator 
procedures are right after the 1st paragraph. Also in Line 55 you can 
take the parentheses out and say “but are associated with the ED 
visit”  
Page 9 Line 46 – Change “was” to “were”  
Page 10 – It would be helpful to have more detail about the subject 
matter expert review. Did they each independently review the list of 
procedures? Did they start with a longer list and whittle it down to 
120 procedures? Did do you do any test of inter-rater reliability 
among the reviewers?  
Page 19 – the first page of the conclusion section sounds more like 
a limitations section, and would be more appropriately titled as such. 
A conclusion should be succinct and summative, not introducing 
new information.  
Page 20 – the first sentence seems out of place. I recommend 
deleting it and combining the second sentence with the previous 
paragraph in a limitations section  
Page 20 – the second paragraph should also go in a limitations 
section. The final paragraph would be a good conclusion paragraph. 
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REVIEWER Montserrat Guillen 
University of Barcelona, Spain 

REVIEW RETURNED 07-May-2016 

 

GENERAL COMMENTS The authors state that the new algorithm is a strong predictor of both 
hospitalizations and deaths, with performance similar to or better 
than the most commonly used existing algorithm to assess the 
severity of ED visits. The Billings/Ballard algorithm is a better 
predictor of death within 1 week of an ED visit; this finding is entirely 
driven by a small number of ED visits where patients appear to have 
been dead on arrival.  
 
Two issues have to be clarified:  
(1) The main conclusions are based on several logistic regression 
models. In the supplementary material there is little indication of the 
classification performance of the models, for instance % false 
positives, % false negatives, concordance and similar statistics. The 
results shown in the paper focus on prediction of hospitalization and 
deaths. This reviewer thinks that some comments on the accuracy of 
prediction of non hospitalization and survival deserve some 
discussion, at least in the supplementary material.  
 
(2) I suggest also the inclusion of some statistics on small number of 
ED visits where patients appear to have been dead on arrival. Is this 
frequent? How often does this happen? Even an external source is 
of interest here.  
 
And finally, given that the new algorithm may be implemented in 
practice, what are the limitations of the study in terms of the 
population that can be represented by the sample used in the 
analysis? Would the physician expert judgement only be useful in 
Medicare beneficiaries? 

 

REVIEWER Embry M. Howell 
Urban Institute Health Policy Center 

REVIEW RETURNED 07-May-2016 

 

GENERAL COMMENTS Comments:   
 

1. My main concern with this paper, and it is a major one, is 
that I did not understand the point of developing the new 
algorithm.  The Billings/NYU algorithm is generally 
accepted, widely used, and based on an in-depth medical 
record review (which is lacking in this study).  Why is a 
totally new algorithm needed?  Since your new algorithm is 
based on Medicare claims data, wouldn’t it be better to 
update and improve the Billings/NYU algorithm, using the 
addition of procedure codes?  Why start over?  A better 
case needs to be made that another algorithm should be 
used in health services research and why. 
 

2. Good material is contained in the supplementary material for 
reviewers.  Since this is currently a short paper I would 
move some of it up into the body of the paper.  The text 
could go into the methods section, since it provides some 
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understanding of the Medicare data which the audience of 
BMJ Open may not have.  (Of course, it should be 
integrated to avoid duplication.)  Along with it could be the 
currently-unlabeled flow chart giving numbers of people and 
claims you extracted from the Medicare files. Appendix 
Table 3 is also useful because it provides regression results.  
However, as currently provided it is hard to follow (the 
various statistics are not clearly labeled—eg. “PCT ref” is 
confusing; the title does not clearly state what is in the table; 
the footnotes are confusing).  I am not sure about Appendix 
Table 4; I had trouble following the purpose of it and how the 
findings differ from Table 3.  In any case, clearly labeled and 
described regression results would strengthen the paper. 
The “record statement” table did not seem useful, and I 
found it hard to follow; however, perhaps it is required by 
BMJ Open?  The long list of HCPCS should go in the 
supplementary materials, with perhaps a briefer description 
of the types of codes you include, and a few examples in the 
main paper. I also found the current Table 1 in the body of 
the text more detailed than needed; the only really important 
column is “Severity of the Problem”.  All the other detail is 
hard to follow and confusing.  The full table could be moved 
to the supplementary material.  
 

3. It would be best to use a consistent name for each 
algorithm.  You use a variety of labels for each (eg. “new 
algorithm,” “Minnesota algorithm”; “Billings/NYU”, 
“Billings/Ballard,” “Ballard,”  “the most commonly used 
existing algorithm,” etc.).  A variety of labels are scattered 
throughout, making it confusing to follow. How about 
“Billings/NYU algorithm” (which is how it is usually referred 
to) and “Minnesota algorithm”?   
 

4. Most of the explanation of how your algorithm works is in the 
text, and it is confusing to follow it.  Figure 1 is very brief, 
and it could be expanded to include all the branches of the 
algorithm and indicate the codes for each of the branches.  
One should be able to look at the figure and understand how 
the algorithm works.  In that case, the text could probably be 
less detailed in terms of how the algorithm works. 
 

5. The essence of your findings is contained in Table 3 and 
Figure 2, which provide a good summary.  However, again 
the labeling is confusing.  The titles do not state what is in 
the table and figure.  The footnotes are also confusing.  
Better labeling is needed.  (And what does “254X190mm, 
etc.” mean?)  This is a general comment for all your tables 
and figures. 
 

6. Concerning the actual findings, my take is different from 
what you present.  Generally, you find consistency between 
the two algorithms.  From Table 3, I see that there are only 
about 20% of cases where the algorithms give a very 
different result; you did a good job of honing in on one good 
reason for this, which is that people may be dead on arrival 
and not have any procedures codes to work with.  In the 
case of the 16% of cases where your algorithm found ED 
care needed and the Billings algorithm did not, it would be 
interesting to have more analysis of these and why the 
difference.  Are many of these cases that were actually 
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admitted, even though the diagnoses did not indicate 
severity?  From Figure 2 we see that there are two 
outcomes for which the findings are very different: 
hospitalization within 1 day and hospitalization within a 
week.  But this may be completely due to the fact that you 
have data from the Medicare files on hospitalization and 
include it in your algorithm.  If this is the main reason for 
differences in the two algorithms, it is something that could 
be easily fixed as a modification to the Billings algorithm.  
The differences for the other outcomes are not very large, 
and the Billings algorithm is actually more accurate for death 
within a week. I found the argument about cardiac patients 
unclear. 

 
7.  It would be helpful to introduce the concept of false 

negatives and false positives (or “sensitivity” and 
“specificity”). That is what you are trying to find out: which 
algorithm has the most of each. 
 

8. Since you did so many sensitivity analyses, perhaps some 
of those results could also go in the supplementary 
materials. I think you need either more detail on the 
sensitivity analyses or less, because the current text does 
not give enough information to understand the motivation for 
the particular analyses or what you found. In that section 
you also speak of “Comorbidity Scores” which I did not see 
defined. 

 
 

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer: 1  

 

Thank you for your suggestions for improving wording. We have made the suggested changes.  

 

You asked for citations of articles expressing concern with the Billings algorithm. Thank you for the 

suggestion. We added a citation to a particularly salient study by Raven et al. [1] We also added more 

detail on our main concerns with the application of the algorithm outside the original, unusual 

population.  

 

In response to your request for more explanation of Table 1, we have added more detail to the text 

explaining the meaning and source of the information in that table. We have also deleted the 

counseling/coordination column and added the information to the footer of the table.  

 

As suggested, we have moved the explanation of ED indicator procedures to follow more closely the 

first mention of these procedures.  

 

We have added further information on the creation of the ED indicator procedure list. We did not 

perform any tests of inter-rater reliability, however the reviewers largely agreed with each other. In the 

few cases of disagreement, we discussed the procedures and came to an agreement. The reviewers 

were each separately working off a list of all procedures frequently seen in the Emergency 

Department. There were several hundred procedures on the original list. We grouped them by the 

frequency with which they appeared in primary care visits. Most of our effort was focused on 

procedures that were common in the ED and not common in primary care. However, we did review 

the procedures seen frequently in primary care and included on the final list cardiac enzyme tests. We 
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also added some procedures rarely seen in any context, but logically related to more common 

procedures that appeared on the list. For example, suturing of very large wounds is rare, but was 

included on the list because of the inclusion of suturing of less severe wounds. (This text has been 

added to the manuscript.)  

 

 

Reviewer: 2  

 

Thank you for your very helpful comments.  

 

Both Reviewer 2 and Reviewer 3 noted an interest in seeing the results of the classification 

performance of the two algorithms. We are sympathetic to this inclination. However, we believe that 

sensitivity and specificity are not very informative in this case, where we lack a gold standard 

definition of the primary care treatability of an ED visit. In cases like this, it is recommended to do as 

we have done here: assess the comparative validity of two tests in predicting relevant prognostic 

outcomes.[2] Rutjes and colleagues note, “The results of a validation process cannot be captured in 

simple statistics. The associations with other variables can and must be expressed in a quantitative 

sense, but they will never be reduced to a simple pair of numbers, as a test’s sensitivity and 

specificity.”  

 

You asked for further information on patients who were dead on arrival to the ED. With the editors’ 

permission, we would like to add Figure 3 to the manuscript. It shows death rates for all ED visits in 

the validation sample, stratified by Minnesota algorithm classification and presence of cardiac arrest 

as the primary diagnosis. We also added some text explaining our conclusions from that analysis. In 

brief, cardiac arrest is extremely rare in the sample. The small proportion of these visits that are rated 

as primary care treatable by the Minnesota algorithm nearly always results in death within 1 day. 

Given the imperfect nature of claims data—both in the ascertainment of the correct date of death and 

the correct primary diagnosis for visits—we are confident that these visits represent people dead on 

arrival in the ED, potentially with do not resuscitate orders in place. For context 457 visits in the total 

sample of 2.4 million ED visits have a primary diagnosis of cardiac arrest and a Minnesota algorithm 

rating of primary care treatable.  

 

We agree that it will be important to confirm whether the new algorithm also performs well in a 

broader population. The purpose of this study was to validate the new algorithm in a Medicare 

population, which is very different than the all-ages population used to create the Billings algorithm. 

We are planning a future study in an all-ages population to determine the validity of the new algorithm 

in a different population. We believe that results will be similar, as the physicians who reviewed the list 

of ED indicator procedures did not note any that are relevant only to an aged population.  

 

Reviewer: 3  

 

Thank you very much for your thoughtful and helpful suggestions and comments.  

 

You noted that we had not made enough of a case for a new ED algorithm. We have added more 

detail on our argument for a new algorithm in this population. It is an interesting idea to add procedure 

codes to the diagnosis approach, though unfortunately beyond the scope of this paper.  

 

You note that the supplementary full regression results and details on processing Medicare data are 

interesting and could be included in the main body of the paper. The key findings from the full 

regression results are presented in Figure 2.We moved further detail to supplements on the 

assumption that a primarily clinical readership would be less interested in that level of detail. We 

would defer to the editors to assess the most appropriate location for that information.  
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The RECORD statement is indeed a requirement of the journal and is intended to appear in 

supplementary materials. The list of ED indicator procedures is also part of the supplementary 

materials.  

 

We apologize for the appearance of additional information in the figure labels (like “254X190mm”). 

This was created by the BMJ Open submission process.  

 

Thank you for the suggestion that we standardize the name of each algorithm. We have done so.  

 

Although we have not changed Figure 1, we have added further information to the text to make more 

clear how the algorithm works.  

 

We have changed the appendix table labels to make them easier to understand and have highlighted 

the difference between appendix table 3 and 4: table 4 excludes the 7,114 (0.29% of total) visits with 

a primary diagnosis of cardiac arrest.  

 

Your comment on the general agreement between the two algorithms is intriguing. Since both 

algorithms rate less than one-third of all visits as primary care treatable/nonemergent, we find that 

disagreement on 20% of visits is substantial and important. Given the design of the Minnesota 

algorithm, it is necessarily true that all visits rated more severe by the Minnesota algorithm than by the 

Billings/Ballard algorithm either resulted in a hospitalization or had procedures indicating a major 

workup by the treating physician.  

 

As you note, the Minnesota algorithm is a much better predictor of hospitalization than the 

Billings/Ballard algorithm. You note, “But this may be completely due to the fact that you have data 

from the Medicare files on hospitalization and include it in your algorithm.” However, the analyses of 

hospitalization outcomes do not use the information on hospitalization in the application of the 

Minnesota algorithm, which would, indeed, make those analyses meaningless. We apologize that that 

was not sufficiently emphasized in the original version of the manuscript. We have added further 

emphasis in the revised version.  

 

Both Reviewer 2 and Reviewer 3 noted an interest in seeing the results of the classification 

performance of the two algorithms. Please see our response above.  

 

We have clarified the reference to comorbidity scores. Thank you for catching that.  

 

We would be happy to provide further information on the sensitivity analyses, whether for the main 

body of the manuscript or for supplemental materials. Given the number of separate analyses, the 

results are quite lengthy. Since none of the analyses changed the results, we are unsure whether that 

would be of interest.  
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REVIEWER Montserrat Guillen 
Dept. Econometrics, University of Barcelona 

REVIEW RETURNED 05-Jun-2016 

 

GENERAL COMMENTS I am not fully satisfied with the reply on the classification 
performance. The authors' argument is not sufficient to elude the 
comment on this performance in the paper. They may like to include 
more than the citation they refer to, but they should also do their 
best to comment on sensitivity and specificity in several places in the 
manuscript. The title wording of the manuscript "validation" would 
not be appropriate otherwise.  

 

REVIEWER Embry Howell 
Urban Institute  
United States 

REVIEW RETURNED 10-Jun-2016 

 

GENERAL COMMENTS I believe that the authors have answered the reviewers questions 
sufficiently, and that the manuscript can be published.  

 

VERSION 2 – AUTHOR RESPONSE 

In response to Dr. Guillen’s comment on the presentation of the results as a validation exercise we 

have added the following text to the introduction:  

“We use Medicare data to compare the new measure's performance to the Billings/Ballard algorithm 

in predicting two relevant prognostic outcomes: hospitalization and death following an ED visit. This 

approach is consistent with the literature on validation of measures where no there is no gold 

standard definition of the domain being measured.[13]”  

 

We have also added the following text to the discussion:  

 

“Our approach to validating the new measure in the absence of a gold standard definition of the 

primary care treatability of ED visits follows the advice of Rutjes and colleagues to compare the 

performance of measures in predicting prognostic outcomes associated with the domain being 

measured.[13] As a result, we did not attempt to calculate or interpret sensitivity and specificity of the 

two measures.”  

 

Citation 13 refers to Rutjes AWS, Reitsma JB, Coomarasamy A, Khan KS, Bossuyt PMM. Evaluation 

of diagnostic tests when there is no gold standard. A review of methods. Health Technol. 

Assess.;11(50)  

 

The Rutjes study is a high quality systematic review on the appropriate methods for validating 

classification tests in the absence of a gold standard for comparison. They note that the accuracy 

paradigm generally used when validating classic diagnostic tests (e.g., diagnosis of a disease) is 

often not useful in other contexts; sensitivity and specificity are measures of accuracy in the presence 

of a reference standard. There is no reference standard for primary care treatability of ED visits. As 

Rutjes and colleagues note, “many instruments in the social sciences and elsewhere in science rely 

on a validation process to determine whether or not the instrument can serve its purpose. In these 

cases, the diagnostic accuracy paradigm often cannot be used because the ‘truth’ cannot be 

observed. The latter applies to many hypothetical or conceptual constructs. We cannot observe a 

construct, or any latent variable . . . . What we can do is to observe the associated attributes, as, for 
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instance, sweating, moaning and asking for pain medication in the evaluation of pain” (pg. 30). We 

would argue that in this case, we observe attributes associated with visits that could have been 

treated in primary care: they are visits that should be less likely to be followed by hospitalization or 

death—both of which are markers of a more severe illness requiring more intensive care than can be 

provided in a primary care setting. We also argue in the paper that the intensity of treatment provided 

to a patient in the ED is an indicator of the treating physician’s assessment of the severity of the 

patient’s condition and of the resources needed to treat the patient (which may without saying for a 

clinical audience, though not for economists and scholars of health services research!).  

 

Thank you again, Dr. Guillen and Dr. Howell, for your thoughtful consideration of our work. 
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