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THE STUDY None  

RESULTS & CONCLUSIONS None 

REPORTING & ETHICS None 

GENERAL COMMENTS The authors emphasizes the need for an automatic calculation of 
APACHE IV predicted mortality as manual or semi automatic 
calculation of the predicted mortalities is time consuming and 
labor intensive. For an automatic APACHE IV calculation to 
succeed, the major challenge to be overcome is that associated 
with reasons of ICU Admission which are generally captured using 

free text. In this paper the authors describe the development and 
validation of an automatic mapping tool to link the physicians’ 

admission diagnoses to structured categories from the APACHE IV 
reasons for admission classification.  
The manuscript addresses a topic of high interest in the 
community. However, the manuscript would benefit considerably 
from a better and clearer description of the methods and 

materials. A lot of information lacking, which makes it hard to 
understand the results and the conclusions. The study also 
involves a rather small cohort which might have influenced the 
results. The manuscript should also discuss the generalizability of 
the results to other domains and languages. Otherwise, this paper 
is of limited use for other colleagues in the field. Below are listed 

some specific issues that need to be addressed.  
 
Introduction:  
- The introduction is rather too long. Yet, some structured 

information on the purpose (case-mix adjustment) and 
composition (age, severity of illness, etc.) of the scoring systems 
would be appropriate.  

http://bmjopen.bmj.com/site/about/resources/ScholarOne_Manuscripts.pdf


- APACHE IV is a prognostic model, also called a scoring system. 
Please reconsider the use of the phrase APACHE IV score 
(replacement with APACHE IV scoring system or in some cases 

with APACHE IV predicted mortality).  
 
Methods:  
- Provide a brief description of the APACHE IV scoring system: 
what are the main elements (e.g. APS, admission source, chronic 
health items, age etc.). this makes it easier to understand the 

paper.  
- Provide some background information on the setting. For 
instance how many patients are admitted to the ICU each year 
and what are the characteristics.  
-The paragraph “Data source and data collection’ needs to be 
extended. Provide more information on what kind of data is 

routinely collected and how. Are the clinical notes structured? If 

yes, how? Are there any abbreviations used and how was this 
handled in the automatic mapping? What is the subheading 
“impression”? What kind of data is captured in it? Is there any 
standard used to capture this data (e.g. ICD-9, SNOMED CT, 
home grown terminology, etc).  
-It is unclear how the chronic health variables were collected. The 
authors state that it was done using the “free-text search”. Did 

they use the same automatic search as was used for the reasons 
for admission (as described in paragraph “Free text search”). If 
yes, what was the data source? Chronic health variables may have 
a large influence on the predicted mortality and thus on the 
performance of the model in the population. So the (automatic) 
extraction of these variables from the medical record is important 

and should be described properly.  

- It is not clear why the authors chose to map the clinical notes to 
the 115 disease groups from APACHE IV reasons for admission 
classification instead of the 445 categories. The mappings could 
have been more accurate. For instance they would have been able 
to map “hypertension”. I suggest that the authors reconsider their 
choice or at least provide solid basis for it.  

- How was the search algorithm build? Please provide some 
specific examples. How does this tool work. How much effort did it 
take to build/maintain? It is now too vague.  
- The phrase “For this study, APACHE III structured diagnoses 
were re-coded to APACHE IV structured diagnoses.” is unclear. 
What did they actually use? The free-text admission diagnosis or 
the APACHE III structured diagnoses? If they used the APACHE III 

structured diagnoses, why was that? And how does this affect the 
results? I can imagine that the same APACHE III category could 

be mapped to more than one APACHE IV category. It is also 
unclear who performed the mapping and how was the mapping 
validated.  
- Development of the golden standard: please provide some 

background information on the physicians and the interrater 
agreement. It would be also informative to know which categories 
could not be mapped. Is there an explanation for that?  
 
Results  
-What is the purpose of table 1. the results are not described 
There is a large difference (for instance in APACHE III score) in 

the demographics between the derivation cohort and the 
validation cohort. Please explain this. It is also notable to see that 
most common APACHE IV reason for admission is drug 
withdrawal. I would expect a more severe reason for admission. 

What does it say about the setting? How does this influence the 
results and generalizability of the results?  
- It would be more informative to see the free-text notes and the 



final APACHE IV groups in table 2 instead of the coefficients.  
-It would be better to (statistically) compare the resulted 
predicted mortalities and to investigate the effect of the different 

mapping strategies on the SMRs. Measures of model performance 
such as AUC and “Hosmer and Lemeshow” depend on more 
factors than only reasons for admission and therefore are not 
suitable for this purpose.  
Discussion:  
Reconsider the discussion section after adjustment of the methods 

and results section. It would also be informative to elaborate on 
the generalizability of the results in other settings and for other 
languages. Is this simple free-text searching tool sufficient or do 
we still need complex tools for natural language processing? Some 
insight on future work would also be valuable. What are the next 
steps? How is this work affected by the developments in the field 

of structured data entry?  

 

 

REVIEWER David Kaufman  
Bridgeport Hospital  

Yale Unviersity 
REVIEW RETURNED 27/07/2011 

 

THE STUDY None 

RESULTS & CONCLUSIONS None 

REPORTING & ETHICS None 

GENERAL COMMENTS CoI: I am friends with and have collaborated with several of the 

authors, so my impression may be biased.  
 
I apologize for the delay in returning this review.  
 
This paper compares an automated calculation of the APACHE IV 
prediction score with manual calculation. According to the 

reported results, the automated calculations of the APACHE IV 
score performs comparably to the manual calculation with the 
benefit of not requiring a substantial input of human effort. The 
result, if validated, would suggest that APACHE IV calculation 
could be built in to various electronic medical records platforms 
and provide a reliable and easy-to-obtain method of benchmarking 
quality among ICUs. A major limitation is that this investigation 

was performed at a single academic center with a relatively small 
number of physicians whose written progress notes were analyzed 

by the automated calculator. Whether the findings will be as 
robust in other settings is unknown. It is a solid piece of work, 
though the scope is a bit narrow. Will it have a gneeral readership 
in BMJ Open?  

 
Major criticism:  
1) The limitation that this method is derived at a single center 
with a limited number of clinicians needs to be addressed more 
fully. For example, since the technique uses Boolean logic to map 
specific terms used by physicians in their written progress notes, 
to what degree do phrases used to characterize certain diagnoses 

vary among the physicians whose notes were used? It may not be 
possible to measure, but the validity of this approach would be 
lower if, for example, the Mayo physicians tend to use certain 
stock phrases that are easier to map to APACHE IV diagnosis 

groups. This would kimit generalizability and ought to be 
mentioned.  
 



2) To give readers a better idea of how much (1) might occur, it 
might be advisable to include (either as a table in the body of the 
MS or in an appendix) a list of sample diagnosis groups used by 

the APACHE IV model and what terms commonly appeared in 
clinicians' notes and how the program mapped them to the 
"official" APACHE IV diagnosis term.  
 
3) What is "code 45" (page 11, line 54)? I imagine it is a cardiac 
arrest, but this phrase is unique and needs to be explained.  

 
4) table 2 is confusing. What is "Sl. No." (column 1)?  
 
Minor:  
Abstract (page 3, line 36) "The tool was developed . . ."  
Introduction (page 4, line 5) Simplify the first sentence: "intensive 

care medicine consumes a large proportion of hospital budgets 

and national health care expenditures ."  
Page 4, line 16: change "second to" to "after."  
Page 4, line 45: change "this translates into, an" to "The"; change 
"of" to "is".  
Page 6, line 32: change "above mentioned reasons" to "this"  
Page 14, line 16: write out the word "standard"  
Page 14, line 27: change to " "codes are used for billing, which 

limits its clinical accuracy"  

 

 

 

VERSION 1 – AUTHOR RESPONSE 

Thank you for reviewing our manuscript, "Mapping Physicians’ Admission Diagnoses to Structured 

Concepts toward Fully Automatic Calculation of Acute Physiology and Chronic Health Evaluation 

Score." We appreciate the recommendations of the reviewers and have revised the manuscript to 

address their comments and concerns.  

 

 

 

Reviewer 1  

The authors emphasizes the need for an automatic calculation of APACHE IV predicted mortality as 

manual or semi automatic calculation of the predicted mortalities is time consuming and labor 

intensive. For an automatic APACHE IV calculation to succeed, the major challenge to be overcome 

is that associated with reasons of ICU Admission which are generally captured using free text. In 

this paper the authors describe the development and validation of an automatic mapping tool to 

link the physicians’ admission diagnoses to structured categories from the APACHE IV reasons for 

admission classification.  

Q1. The manuscript addresses a topic of high interest in the community. However, the manuscript 

would benefit considerably from a better and clearer description of the methods and materials. A 

lot of information lacking, which makes it hard to understand the results and the conclusions. The 

study also involves a rather small cohort which might have influenced the results. The manuscript 

should also discuss the generalizability of the results to other domains and languages. Otherwise, 

this paper is of limited use for other colleagues in the field. Below are listed some specific issues 

that need to be addressed.  

R1. Thanks for thoughtful revision of manuscript. We addressed your questions point by point 

below.  

Introduction:  

Q2. The introduction is rather too long. Yet, some structured information on the purpose (case-mix 

adjustment) and composition (age, severity of illness, etc.) of the scoring systems would be 

appropriate.  



R2. We have shortened introduction part of manuscript with emphasis the problem of time 

consuming labor of prediction scores calculation.  

Q3. APACHE IV is a prognostic model, also called a scoring system. Please reconsider the use of 

the phrase APACHE IV score (replacement with APACHE IV scoring system or in some cases with 

APACHE IV predicted mortality).  

R3. We replaced consistently through text terminology to APACHE IV score or APACHE IV predicted 

mortality when appropriate  

Methods:  

Q4. Provide a brief description of the APACHE IV scoring system: what are the main elements (e.g. 

APS, admission source, chronic health items, age etc.). This makes it easier to understand the 

paper.  

R4. We have added in method pert of the paper description of APACHE score as following. 

“APACHE is the most widely used mortality prediction model in adult ICUs in the United States. In 

the APACHE score, the physiological variables are derived from the worst values in the first 24-h 

period of the patients’ ICU stay. The score is also derived from textual concepts including chronic 

health status, physiological measures, and acute diagnoses.”  

Q5. Provide some background information on the setting. For instance how many patients are 

admitted to the ICU each year and what are the characteristics.  

R5. We have added setting information to manuscript. “The study was conducted at the Mayo 

Clinic in Rochester, MN, an academic medical center with 1900 beds and 135,000 hospital 

admissions per year. The combined capacity of the ICUs is 204 beds and 14,800 admissions per 

year. Saint Marys Hospital has 183 ICU beds: 24 general medical, 16 medical cardiology, 25 

cardiac surgery, 8 transplant surgery, 20 thoracic or vascular surgery, 24 trauma critical care, 20 

neurologic, 26 neonatal (with the option of dual-occupancy stay for twins in 4 of them), and 16 

pediatric. Rochester Methodist Hospital has a 21-bed medical-surgical ICU.”  

 

 

Q6. The paragraph “Data source and data collection’ needs to be extended. Provide more 

information on what kind of data is routinely collected and how. Are the clinical notes structured? 

If yes, how? Are there any abbreviations used and how was this handled in the automatic 

mapping? What is the subheading “impression”? What kind of data is captured in it? Is there any 

standard used to capture this data (e.g. ICD-9, SNOMED CT, home grown terminology, etc).  

R6. We have added explanation of subheading “Impression” in revised manuscript (that is means 

problems/diagnoses), however we decided do not increase length of manuscript with details of text 

processing since it is not primary goal of manuscript rather then tool.  

Q7. It is unclear how the chronic health variables were collected. The authors state that it was 

done using the “free-text search”. Did they use the same automatic search as was used for the 

reasons for admission (as described in paragraph “Free text search”). If yes, what was the data 

source? Chronic health variables may have a large influence on the predicted mortality and thus on 

the performance of the model in the population. So the (automatic) extraction of these variables 

from the medical record is important and should be described properly.  

R7. Thanks for pointed to this question. The purpose of present study was evaluating mapping 

admission diagnoses to structured concepts. We did not mapped chronic conditions using notes 

processing. It was drawn from database using nurses’ assigned chronic conditions for all cases. We 

correct this misleading sentence with following: “Chronic health variables were extracted from 

APACHE database and were collected manually by nurses.” We also corrected title of manuscript 

changing “for fully automatic…” to “toward fully automatic…”  

 

Q8. - It is not clear why the authors chose to map the clinical notes to the 115 disease groups 

from APACHE IV reasons for admission classification instead of the 445 categories. The mappings 

could have been more accurate. For instance they would have been able to map “hypertension”. I 

suggest that the authors reconsider their choice or at least provide solid basis for it.  

R8. We mapped clinical notes to 116 diseases group used by original APACHE IV scoring system 

(Zimmerman JE, Kramer AA, McNair DS, Malila FM. Acute Physiology and Chronic Health 

Evaluation (APACHE) IV: hospital mortality assessment for today's critically ill patients. Crit Care 



Med. 2006;34(5):1297-310.) Number 445 probably referred to number of rows in Cerner Excel 

table, however it related to 116 diseases group.  

Q9. How was the search algorithm build? Please provide some specific examples. How does this 

tool work. How much effort did it take to build/maintain? It is now too vague.  

R9. The search algorithm was built using SAS programming language. Program queried METRIC 

Datamart for clinical notes and processing it with Boolean logic using data from table with terms 

and group diagnoses as a reference. We did not measure time spent to build this program, 

however it is reasonable for experienced SAS programmer. The ongoing support is effortless, since 

program started by CRON job. We have added additional information in Automatic calculation of 

APACHE IV predicted mortality section.  

Q10. The phrase “For this study, APACHE III structured diagnoses were re-coded to APACHE IV 

structured diagnoses.” is unclear. What did they actually use? The free-text admission diagnosis or 

the APACHE III structured diagnoses? If they used the APACHE III structured diagnoses, why was 

that? And how does this affect the results? I can imagine that the same APACHE III category could 

be mapped to more than one APACHE IV category. It is also unclear who performed the mapping 

and how was the mapping validated.  

R10. To clarify this point we have added to manuscript following sentences in method section “As a 

nurse standard practice we used recorded in hospital Electronic medical record APACHE III coded 

diagnoses. For purpose of this study APACHE III structured diagnoses (78) were mapped to 

APACHE IV structured diagnoses (116) by co-investigator clinician intesivist (OG).”  

Q11. Development of the golden standard: please provide some background information on the 

physicians and the interrater agreement. It would be also informative to know which categories 

could not be mapped. Is there an explanation for that?  

R11. In development gold standard in development cohort the Kappa was 0.58 between two 

physicians. The main reason for mismatching, because first reviewer had available to assets whole 

patients EMR, but second is only pertinent clinical notes. Second reason is due to complex nature 

of critically ill patients that in some cases admission diagnoses is uncertain. We have added to 

supplementary materials table with mismatched structured diagnoses.  

We also added to supplementary materials detailed explanation how gold standard was developed. 

This was suggested to remove from manuscript by previous peer-review.  

 

Results  

Q12. What is the purpose of table 1. the results are not described There is a large difference (for 

instance in APACHE III score) in the demographics between the derivation cohort and the 

validation cohort. Please explain this. It is also notable to see that most common APACHE IV 

reason for admission is drug withdrawal. I would expect a more severe reason for admission. What 

does it say about the setting? How does this influence the results and generalizability of the 

results?  

R12. The purpose of table 1 is to show demographics characteristics of the cohorts. We did not 

duplicated results it text. The difference in ICU/hospital LOS and ICU mortality can be explained by 

difference in severity of illness. The difference in severity can be explained by …following. Our ICU 

also served as intermediate care unit with large number of low risk monitoring patients. Most likely 

consecutive patients for development cohort were different rather then random cohort of the 

patients. This also limits generalization of our finding to ICUs with higher acuity patients.  

The reason of admission would depend from hospital, ICU specialty (our study was done in MICU) 

and served population.  

Q13. It would be more informative to see the free-text notes and the final APACHE IV groups in 

table 2 instead of the coefficients.  

R13. We prefer to keep coefficients in table 2 instead of free text notes (it is not feasible) or 

APACHE coded diagnoses (because it gives more objective information about degree of 

mismatching). However we have added table with coded diagnoses to supplementary materials.  

Q14. It would be better to (statistically) compare the resulted predicted mortalities and to 

investigate the effect of the different mapping strategies on the SMRs. Measures of model 

performance such as AUC and “Hosmer and Lemeshow” depend on more factors than only reasons 

for admission and therefore are not suitable for this purpose.  



R14. Agree, that prediction of mortality is better measurement for overall performance of APACHE 

automatic tool. However due to difference in prediction hospital mortality between APACHE III and 

IV we concentrate in this project on APACHE score itself as outcome measurement. Other factors 

were identical for automatics and manual calculation, and we consider that using “Hosmer and 

Lemeshow” is appropriate for this study.  

Discussion:  

Q15. Reconsider the discussion section after adjustment of the methods and results section. It 

would also be informative to elaborate on the generalizability of the results in other settings and 

for other languages. Is this simple free-text searching tool sufficient or do we still need complex 

tools for natural language processing? Some insight on future work would also be valuable. What 

are the next steps? How is this work affected by the developments in the field of structured data 

entry?  

R15. We outlined limitation of work in term of generalizability. This approach using term specific 

search is limited in some degree for specific hospital setting and could be easily adjusted using 

expertise of local clinicians. APACHE prognostic score is English based scoring system and model 

was not validated using other languages. The future work (partially done at our institution) is 

implemented automatic APACHE calculation system within hospital electronic environment  

 

Reviewer 2.  

CoI: I am friends with and have collaborated with several of the authors, so my impression may be 

biased.  

I apologize for the delay in returning this review.  

This paper compares an automated calculation of the APACHE IV prediction score with manual 

calculation. According to the reported results, the automated calculations of the APACHE IV score 

performs comparably to the manual calculation with the benefit of not requiring a substantial input 

of human effort. The result, if validated, would suggest that APACHE IV calculation could be built in 

to various electronic medical records platforms and provide a reliable and easy-to-obtain method 

of benchmarking quality among ICUs. A major limitation is that this investigation was performed at 

a single academic center with a relatively small number of physicians whose written progress notes 

were analyzed by the automated calculator. Whether the findings will be as robust in other 

settings is unknown. It is a solid piece of work, though the scope is a bit narrow. Will it have a 

gneeral readership in BMJ Open?  

 

Major criticism:  

Q1) The limitation that this method is derived at a single center with a limited number of clinicians 

needs to be addressed more fully. For example, since the technique uses Boolean logic to map 

specific terms used by physicians in their written progress notes, to what degree do phrases used 

to characterize certain diagnoses vary among the physicians whose notes were used? It may not 

be possible to measure, but the validity of this approach would be lower if, for example, the Mayo 

physicians tend to use certain stock phrases that are easier to map to APACHE IV diagnosis 

groups. This would kimit generalizability and ought to be mentioned.  

R1. We appreciate this comment and had outlined limitation in discussion section of manuscript  

Q2) To give readers a better idea of how much (1) might occur, it might be advisable to include 

(either as a table in the body of the MS or in an appendix) a list of sample diagnosis groups used 

by the APACHE IV model and what terms commonly appeared in clinicians' notes and how the 

program mapped them to the "official" APACHE IV diagnosis term.  

R2. We have added table from development cohort with structured diagnoses and first diagnosis in 

impression/plan to supplementary materials.  

Q3) What is "code 45" (page 11, line 54)? I imagine it is a cardiac arrest, but this phrase is unique 

and needs to be explained.  

R3. Corrected and explained  

Q4) table 2 is confusing. What is "Sl. No." (column 1)?  

R4 This is “case number”. Corrected  

Minor:  

R. Thanks. All below have changed.  



Abstract (page 3, line 36) "The tool was developed . . ."  

Introduction (page 4, line 5) Simplify the first sentence: "intensive care medicine consumes a 

large proportion of hospital budgets and national health care expenditures ."  

Page 4, line 16: change "second to" to "after."  

Page 4, line 45: change "this translates into, an" to "The"; change "of" to "is".  

Page 6, line 32: change "above mentioned reasons" to "this"  

Page 14, line 16: write out the word "standard"  

Page 14, line 27: change to " "codes are used for billing, which limits its clinical accuracy"  

 


