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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) The Deyo-Charlson and Elixhauser-van Walraven Comorbidity 
Indices as predictors of mortality in critically ill patients 

AUTHORS Ladha, Karim; Zhao, Kevin; Quraishi, Sadeq; Kurth, Tobias; 
Eikermann, Matthias; Kaafarani, Haytham; Klein, Eric; Seethala, 
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VERSION 1 - REVIEW 

REVIEWER Tainter, Christopher 
University of California, San Diego, Emergency Medicine 

REVIEW RETURNED 30-Jun-2015 

 

GENERAL COMMENTS This is a well-described and useful analysis of an extraordinary data 
set. I think it is ready for publication, but offer a few discretionary 
revisions:  
 
Page 11, paragraph 3, line 44: This appears to be a statistically 
significant finding, not necessarily a clinically relevant one.  
 
I would strongly encourage inclusion of a graphic (table) describing 
the calculation of both comorbidity indices.  
 
Was an analysis performed using hospital and/or ICU length of stay 
as outcome measures? This would be another very useful outcome, 
and should be considered for inclusion.  
 
I suggest moving the citation (superscript numbers) after the 
punctuation.  

 

REVIEWER Zampieri, Fernando G. 
Hospital das Clínicas, Intensive Care Unit 

REVIEW RETURNED 01-Jul-2015 

 

GENERAL COMMENTS Ladha and coworkers performed a nice study aiming to compare the 
predictive capability of two commonly used comorbidity indexes 
(Charlson and Elixhauser) in critically ill patients. This a timely topic 
and the large sample size available represents an excellent 
opportunity to increase knowledge in the field. Nevertheless, I have 
some major concerns:  
1. Introduction: Fine, no major comments.  
2. Methods/Results:  
- The main question posed by the authors is whether DCCI is 
superior or not to EVCI. The authors have chosen to address this 
issue by comparison of ROC AUC using DeLong tests at predefined 
time windows. I do not believe that multiple ROC curve testing at 
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specific time frames is the most appropriate way to answer the 
question you are asking. I am specially concern by increase in type 
1 error due to multiple testing. In fact, as discussed by the authors, 
many positive findings are a consequence of the large sample size, 
but multiple testing may also be involved. Assuming you may have 
data for one-year survival, why not building a Cox model and time 
dependent ROC curves? A suggested approach would be as 
following:  
a. Assessing proportionality of the effect of each comorbidity index in 
1-year outcome (since you are using R, you could use the cox.zph 
function in the survival package).  
b. Construct a time dependent ROC curve for each comorbidity 
index (timeROC package is very handful for this); weighting can be 
done using Cox model.  
c. Compare both time dependent ROC curves (also may be done in 
timeROC).  
The theoretical advantages of such approach is correcting for 
multiple comparisons and providing a nice graphical display of the 
evolution of AUC over time. The reason for this last comment will be 
clear in my next comments.  
- I see that the starting point for data collection was ICU admission. 
While this is frequently the chosen starting point, it may not be the 
most adequate depending on the objective of your manuscript (for a 
discussion on this, please see Ranzani OT et al, Crit Care 2013). 
You are pooling ICU mortality together with in-hospital and after-
hospital mortality. Depending on your hypothesis, perhaps splittings 
groups according to ICU and/or hospital survival may make more 
sense than only evaluating fixed time frames.  
- The finding that the AUC for mortality for each score increases as 
time spam increases is very interesting (in my opinion, the most 
interesting finding of the manuscript). Reasons for this may be 
obvious, but are not properly discussed. Comorbidities and age may 
be more important prognosis determinants only after a few months 
following ICU discharge (see Lone et al, Blue Journal 2013 and 
Ranzani et al, Crit Care, 2015). As the effects of critical illness 
vanishes, baseline patient features may become prominent. As one 
moves away from critical illness, the impact of comorbidities in 
prognosis may be more relevant and, therefore, the discriminative 
capability of any score that measures comorbidities will be higher. 
This ought to be explored.  
- While ROC curves may be appropriate for accuracy comparison 
they do not provide any information regarding calibration of a 
measurement. The authors tried to overcome this by performing a 
reclassification analysis (by the way, did you use any specific R 
package for reclassification analysis? The PredictABEL package is 
frequently used for this. If so, please quote the R package 
accordingly) but I still miss a more robust calibration assessment 
(calibration plot maybe?).  
- Why correcting for age, gender and race? Was there any clue that 
these variables would be relevant? Or maybe correlated to 
comorbidities? If so, how was this assessed?  
- I really like Table S1. I think it should be in the body of the 
manuscript.  
3. Discussion: Should address points mentioned above.  
4. Tone of the conclusions and key points should be tempered. 
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VERSION 1 – AUTHOR RESPONSE 

Reviewer: 1  

Reviewer Name Christopher R Tainter  

Institution and Country University of California, San Diego  

USA  

Please state any competing interests or state ‘None declared’: None declared  

 

Please leave your comments for the authors below  

This is a well-described and useful analysis of an extraordinary data set. I think it is ready for 

publication, but offer a few discretionary revisions:  

 

Page 11, paragraph 3, line 44: This appears to be a statistically significant finding, not necessarily a 

clinically relevant one.  

 

RESPONSE:  

The wording has been changed and the term “clinically relevant” has been removed.  

 

I would strongly encourage inclusion of a graphic (table) describing the calculation of both comorbidity 

indices.  

 

RESPONSE:  

We have now included a table describing the frequency of each comorbidity used in the calculation of 

the indices within the manuscript as table 2. The methods used to calculate the indices have been 

previously described and these papers are cited in the manuscript.  

 

Was an analysis performed using hospital and/or ICU length of stay as outcome measures? This 

would be another very useful outcome, and should be considered for inclusion.  

 

RESPONSE:  

This is an excellent idea and we have now included this analysis in the manuscript.  

 

 

I suggest moving the citation (superscript numbers) after the punctuation.  

 

RESPONSE:  

This has been changed.  

 

Reviewer: 2  

Reviewer Name Fernando G Zampieri  

Institution and Country 1 - Hospital das Clínicas, Faculty of Medicine, University of São Paulo, São 

Paulo, Brazil  

2 - Intensive Care Unit, Hospital Alemão Oswaldo Cruz, São Paulo, Brazil  

Please state any competing interests or state ‘None declared’: None declared  

 

Please leave your comments for the authors below  

Thank you for the opportunity to review your work.  

Ladha and coworkers performed a nice study aiming to compare the predictive capability of two 

commonly used comorbidity indexes (Charlson and Elixhauser) in critically ill patients. This a timely 

topic and the large sample size available represents an excellent opportunity to increase knowledge 

in the field. Nevertheless, I have some major concerns:  

1. Introduction: Fine, no major comments.  
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2. Methods/Results:  

- The main question posed by the authors is whether DCCI is superior or not to EVCI. The authors 

have chosen to address this issue by comparison of ROC AUC using DeLong tests at predefined time 

windows. I do not believe that multiple ROC curve testing at specific time frames is the most 

appropriate way to answer the question you are asking. I am specially concern by increase in type 1 

error due to multiple testing. In fact, as discussed by the authors, many positive findings are a 

consequence of the large sample size, but multiple testing may also be involved. Assuming you may 

have data for one-year survival, why not building a Cox model and time dependent ROC curves? A 

suggested approach would be as following:  

a. Assessing proportionality of the effect of each comorbidity index in 1-year outcome (since you are 

using R, you could use the cox.zph function in the survival package).  

b. Construct a time dependent ROC curve for each comorbidity index (timeROC package is very 

handful for this); weighting can be done using Cox model.  

c. Compare both time dependent ROC curves (also may be done in timeROC).  

The theoretical advantages of such approach is correcting for multiple comparisons and providing a 

nice graphical display of the evolution of AUC over time. The reason for this last comment will be 

clear in my next comments.  

 

RESPONSE:  

This is an interesting idea that we had not previously considered. While the reviewer’s comments 

regarding multiple testing are well taken, the conclusion of the paper is that even with a statistically 

significant difference, there is no meaningful or clinically significant difference.  

 

Additionally, the method proposed does not account for multiple testing since the recommended 

procedure does not compare one curve to another. Rather, once the model is created, separate ROC 

curves can be constructed for various time points and AUCs are compared at each time point 

specified.  

 

However we felt that the analytic approach suggested by the reviewer could be used as an additional 

analysis and have included a figure in the manuscript demonstrating the consistency of the results. Of 

note though, we did not use the cox weighting but rather the Kaplan-Meier estimator. This is because 

using the recommended cox.zph function, the assumption of proportional hazards was not met.  

 

- I see that the starting point for data collection was ICU admission. While this is frequently the chosen 

starting point, it may not be the most adequate depending on the objective of your manuscript (for a 

discussion on this, please see Ranzani OT et al, Crit Care 2013). You are pooling ICU mortality 

together with in-hospital and after-hospital mortality. Depending on your hypothesis, perhaps splittings 

groups according to ICU and/or hospital survival may make more sense than only evaluating fixed 

time frames.  

 

RESPONSE:  

The main focus of the paper was to determine how these indices could be used to predict mortality at 

different time intervals regardless of where the death occurred. We felt that this was the more useful 

outcome and there have been other studies examining in-hospital mortality and these indices.  

 

- The finding that the AUC for mortality for each score increases as time spam increases is very 

interesting (in my opinion, the most interesting finding of the manuscript). Reasons for this may be 

obvious, but are not properly discussed. Comorbidities and age may be more important prognosis 

determinants only after a few months following ICU discharge (see Lone et al, Blue Journal 2013 and 

Ranzani et al, Crit Care, 2015). As the effects of critical illness vanishes, baseline patient features 

may become prominent. As one moves away from critical illness, the impact of comorbidities in 

prognosis may be more relevant and, therefore, the discriminative capability of any score that 
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measures comorbidities will be higher. This ought to be explored.  

 

RESPONSE:  

Thank you for this point and we agree with the reviewer that this is a very interesting concept. As we 

did not have organ dysfunction scores, we can only theorize in our discussion that the improved 

predictability is related to patients’ previous comorbidities, age, and the new comorbidities that the 

patient collected during their ICU stay. We have now included the following in the discussion:  

 

“Another interesting finding was that both indices improved mortality prediction over time. The AUC 

for the DCCI improved from 0.65 at 30 days to 0.72 at 365 days; and, similarly the AUC for EVCI 

improved from 0.66 at 30 days to 0.72 at 365 days. This improvement most likely is because as 

critically-ill patients survive past their ICU stay, the major determinants of survival are related to their 

baseline comorbidities, age, and new organ dysfunction as a result of their critical illness. Without 

prospective and organ dysfunction data, this is only a theory but two previous studies are congruent 

with our findings, where the researchers found that patients with higher organ dysfunction scores 

during their ICU stay had higher utilization of healthcare resources and mortality up to one year, and 

possibly 5 years.”  

 

- While ROC curves may be appropriate for accuracy comparison they do not provide any information 

regarding calibration of a measurement. The authors tried to overcome this by performing a 

reclassification analysis (by the way, did you use any specific R package for reclassification analysis? 

The PredictABEL package is frequently used for this. If so, please quote the R package accordingly) 

but I still miss a more robust calibration assessment (calibration plot maybe?).  

 

RESPONSE:  

The PredictABEL package was used and is now quoted. We used the same package to create 

calibration plots as requested and they are now included in the manuscript.  

 

- Why correcting for age, gender and race? Was there any clue that these variables would be 

relevant? Or maybe correlated to comorbidities? If so, how was this assessed?  

 

RESPONSE:  

These were chosen since they are factors that are readily available in administrative databases and 

thus can easily be included in a predictive model. This point is now made in the methods section.  

 

- I really like Table S1. I think it should be in the body of the manuscript.  

 

RESPONSE:  

This table has been moved to the body of the manuscript.  

 

3. Discussion: Should address points mentioned above.  

 

RESPONSE: As noted above we have modified the discussion section to account for the points 

previously mentioned by the reviewer.  

 

4. Tone of the conclusions and key points should be tempered.  

 

RESPONSE: We agree with the reviewer that ending the manuscript and conclusion with the 

statement that the DCCI or EVCI can possibly replace physiology-based indices should be tempered. 

We have added the following sentence to the end of the conclusion:  
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“Further studies are needed to determine if the DCCI or EVCI can be used in place of physiology-

based risk-indices.” 

 

VERSION 2 – REVIEW 

REVIEWER Zampieri, Fernando G. 
Hospital das Clínicas, Intensive Care Unit 

REVIEW RETURNED 14-Aug-2015 

 

GENERAL COMMENTS The reviewer completed the checklist but made no further 
comments. 
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