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VERSION 1 - REVIEW 

REVIEWER Pupalan Iyngkaran 
NT Medical School, Flinders University 

REVIEW RETURNED 27-Jun-2016 

 

GENERAL COMMENTS The authors present a prospective study comparing 4 algorithms 
that predict heart failure in symptomatic patients and applied it to a 
population of geriatrics >80years old. They had previously published 
a detailed methods. Thus study also includes a follow-up period of 
five years. The introduction and methods are well presented. The 
results are a little confusing and can be better written. In the 
discussions should discuss or list the limitations towards the end of 
the discussions. The conclusions can be expanded to better the 
reflect the findings that there are still gaps in using clinical and 
biochemical algorithms to predict heart failure as the number of 
referrals vs actual heart failure were high in all the algorithms. 
Overall the study is well thought out and conducted.  

 

REVIEWER Kumar Dharmarajan 
Yale School of Medicine, USA. 
 
1. I work under contract with the US Centers for Medicare and 
Medicaid Services to develop and maintain performance measures.  
 
2. I am a consultant and scientific advisory board member for Clover 
health, a Medicare PPO. 

REVIEW RETURNED 28-Jun-2016 

 

GENERAL COMMENTS Smeets and co-authors study 370 older persons with symptoms 
consistent with heart failure from the BELFRAIL cohort to examine 
the value of various diagnostic algorithms for chronic heart failure. 
They find that compared to the gold standard ESC definition of heart 
failure including signs/symptoms of heart failure plus structural heart 
disease, the ESC diagnostic protocol is the most sensitive with the 
highest NPV, while the Oudejans diagnostic protocol is the most 
specific with the highest PPV. Two other protocols have intermediate 
test characteristics.  
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The topic of heart failure diagnosis by GPs is of importance, as heart 
failure is common without pathognomonic signs or symptoms. As a 
result, the ability to accurately make the heart failure diagnosis can 
be challenging. Accurate diagnosis is important so that disease-
modifying treatment may be started. Accurate diagnosis is also 
important to avoid too many false positives and negatives.  
 
I have the following comments and questions:  
 
1. The sampling strategies used in BELFRAIL should be described 
and not just referenced, as your test performance characteristics 
(especially NPV and PPV) relate to the underlying study population. 
How representative is your study population of older adults in 
Belgium? How many patients were screened prior to enrollment?  
 
2. Provide a table describing the 4 diagnostic algorithms in detail, as 
these are the main foci of study. Currently, the text does not provide 
any detail on the diagnostic rules of the Keider and Oudejans’ 
algorithms, including how the scores are determined. Are these 
scores feasibly calculated by GPs?  
 
3. Why did you use a cut off score of 54 for the Kelder algorithm 
(upper bound of uncertainty) and a cut off score of 16 for the 
Oudejans’ algorithm (lower bound of uncertainty)? Would your 
results have been similar had you used the upper bound scores or 
lower bound scores for both algorithms?  
 
4. You indicate in the conclusion that the Oudejan’s algorithm 
“exhibited the highest accuracy.” Is there an objective measure of 
accuracy you could use? Why did you not calculate C-statistics for 
each of these models? While limited, C-statistics do provide a 
reference point for many readers given their common use.  
 
5. You indicate that natriuretic peptide levels provide similar 
information to the studied diagnostic models. However, you also 
note that previous community-based studies have concluded that 
natriuretic peptides are not terribly useful for heart failure diagnosis. 
Does that not also imply that these diagnostic rules are not very 
useful for heart failure diagnosis?  
 
6. What are the practical implications of the study results? What 
should GPs be doing with this information?  
 
7. The abstract should be edited to make clear that the ESC 
definition of heart failure is considered the gold standard and that the 
ESC diagnostic algorithm is distinct from this gold standard 
definition. This point should be made clear in the main text as well 
as it may be a point of confusion.  
 
8. The abstract and text should also make clear that referral rates 
describe the rate of persons “ruling in” to a heart failure diagnosis 
per the various diagnostic algorithms. As the study is observational, 
the reader may otherwise believe that you are referring to real world 
rates of referral to cardiologists by GPs based on their initial clinical 
assessments.  
 
9. The abstract conclusion that cut off values for natriuretic peptides 
largely determine test performance is not well presaged by the 
methods or results sections within the abstract.   
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VERSION 1 – AUTHOR RESPONSE 

Reviewer 1:  

The authors present a prospective study comparing 4 algorithms that predict heart failure in 

symptomatic patients and applied it to a population of geriatrics >80years old. They had previously 

published detailed methods. Thus study also includes a follow-up period of five years. The 

introduction and methods are well presented.  

Overall the study is well thought out and conducted.  

1. The results are a little confusing and can be better written.  

 

Response: The authors thank the reviewer for this helpful feedback. The Results section was revised 

to give a more structured overview of our results.  

 

2. In the discussions should discuss or list the limitations towards the end of the discussions.  

 

Response: The authors fully agree with this suggestion and listed the limitations towards the end of 

the Discussion section.  

 

3.The conclusions can be expanded to better reflect the findings that there are still gaps in using 

clinical and biochemical algorithms to predict heart failure as the number of referrals vs actual heart 

failure were high in all the algorithms.  

 

Response: The authors thank the reviewer for this important remark. The Discussion section was 

revised to better reflect the limitations of all these rules in patients aged 80 years and older: “The 

present study demonstrated that all diagnostic algorithms have their limitations in symptomatic 

patients aged 80 years and older. Therefore, choosing a diagnostic algorithm for non-acute HF in 

elderly patients represents a trade-off between sensitivity and specificity, mainly depending on 

differences between used cut-off values for natriuretic peptides. The ESC algorithm exhibited the 

highest sensitivity. However, implementing this algorithm in this age group also resulted in high 

referral rates. By contrast, the diagnostic rule of Oudejans exhibited the highest accuracy with 

reasonable referral rates (36%, n=133). Said rule was a superior predictor of heart failure compared 

with the ESC algorithm because of a strong gain in specificity, in spite of a decrease in sensitivity. 

Furthermore, all algorithms were able to identify patients at high risk for 5-year mortality.”  

 

Thank you very much for your constructive and helpful suggestions to improve our manuscript.  

 

 

Reviewer 2:  

I have the following comments and questions:  

 

1. The sampling strategies used in BELFRAIL should be described and not just referenced, as your 

test performance characteristics (especially NPV and PPV) relate to the underlying study population. 

How representative is your study population of older adults in Belgium? How many patients were 

screened prior to enrollment?  

 

Response: The authors thank the reviewer for this important question. A total of 29 general practice 

centers participated in the BELFRAIL study. The participating centres were asked to include patients 

aged 80 and older in the cohort. Only three exclusion criteria were used: (1) dementia (known mini-

mental state examination (MMSE) < 15/30), (2) in palliative care and (3) medical emergency. Two 

sampling methods for the recruitment of patients were used. Two general practice centres were asked 

to include all eligible patients. The remaining 27 centres were asked to include a maximum of three 

consecutive patients during a three-week interval. In these three weeks the general practitioner (GP) 

also planned his visit. This interval was repeated five times so every participating center included a 
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maximum of 15 patients. Every interval of recruitment was started on a different day to avoid selection 

bias. Between November 2, 2008 and September 15, 2009, 567 subjects were included in the 

BELFRAIL cohort. Three hundred subjects were included using the first sampling method and 267 

using the second sampling method. This was added to the Methods section.  

GPs have a prominent place in the Belgian health care system. More than 95% of the population is 

reported to consult the same GP or practice in case of health problems. More than 90% of people 

aged 65 and older have at least one contact with their GP every year, with an average of 11.9 

contacts per year at the age of 75 and older. Furthermore, the BELFRAIL cohort is representative in 

gender and age of the very elderly living in Belgium.2 This sentence was added to the Methods 

section.  

 

2. Provide a table describing the 4 diagnostic algorithms in detail, as these are the main foci of study. 

Currently, the text does not provide any detail on the diagnostic rules of the Kelder and Oudejans’ 

algorithms, including how the scores are determined. Are these scores feasibly calculated by GPs?  

 

Response: The authors fully agree with the reviewer's suggestion; however these algorithms take a 

lot of space. Therefore, we added them in appendix 1. These algorithms were selected because they 

apply to patients aged 80 years and older with non-acute heart failure in primary care. Consequently, 

all scores can be easily calculated by GPs as they consist of demographic variables (age, sex), 

clinical variables and natriuretic peptide levels (Appendix 1).  

 

3. Why did you use a cut off score of 54 for the Kelder algorithm (upper bound of uncertainty) and a 

cut off score of 16 for the Oudejans’ algorithm (lower bound of uncertainty)? Would your results have 

been similar had you used the upper bound scores or lower bound scores for both algorithms?  

 

Response: The authors agree with the reviewer’s concern. However, in order to calculate test 

characteristics (sensitivity, specificity,...) we needed dichotomous outcomes (0/1), while in the 

interpretation of both Kelder’s and Oudejans’ rules a grey zone is included (0/1 + uncertain). To give a 

nuanced presentation, outcomes were described according to the three categories in Table 3 and the 

result section was revised to fully describe the results. Using the higher score of Oudejans’ rule 

(summed score >32) resulted in only 29 false positive cases (a specificity of 90%), of which 17 (59%) 

had at least one other echocardiographic abnormality. However, sensitivity dropped to 42% (n=43 

missed heart failure patients). Additionally, Oudejans et al argued that in patients with a summed 

score between 16 and 32 the diagnosis is uncertain and consequently further investigations are 

warranted.3 Therefore, for subsequent analyses the lower score of Oudejans’ rule was used.  

Using the lower score of Kelder’s rule (summed score ≥24) would lead to zero false negatives 

(sensitivity 100%) but only 18 patients were not referred in that case (specificity 6%). Therefore, for 

subsequent analyses the higher bound of Kelder’s rule was used.  

 

4. You indicate in the conclusion that the Oudejans' algorithm “exhibited the highest accuracy.” Is 

there an objective measure of accuracy you could use? Why did you not calculate C-statistics for 

each of these models? While limited, C-statistics do provide a reference point for many readers given 

their common use.  

 

Response: The authors thank the reviewer for this important remark. Accuracy was calculated as the 

sum of true negatives and true positives divided by the total number of patients. The objective of our 

paper was to validate the proposed cut-off values of the different algorithms in an external dataset. 

Therefore, we chose not to report the AUC because ROC curves of dichotomous variables are of 

limited value.  

 

5. You indicate that natriuretic peptide levels provide similar information to the studied diagnostic 

models. However, you also note that previous community-based studies have concluded that 
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natriuretic peptides are not terribly useful for heart failure diagnosis. Does that not also imply that 

these diagnostic rules are not very useful for heart failure diagnosis?  

 

Response: The authors thank the reviewer for the thorough reading of their paper. We understand the 

reviewer's concern but we are afraid our argumentation in the discussion section was not clear 

enough. The diagnostic value of natriuretic peptides has been proved extensively. However, 

controversy exists about the optimal cut-off value for elderly in the community. This is confirmed by 

our results. The ESC cut-off value of 125 pg/mL works perfectly for younger symptomatic patients, 

however in a cohort of elderly patients the specificity is low. The cut-off value of 400 pg/mL used by 

Oudejans et al seems more efficient in this age group but the sensitivity is not perfect. Several studies 

have suggested to use age dependent cut-off values, but values range between 125 pg/ml to >400 

pg/mL and depend highly on setting, population and reference standard used. None of the proposed 

diagnostic rules is perfect, however since a GP diagnosis of HF based on HF symptoms and signs 

alone is of limited value in the elderly4, these rules/NT-proBNP do have an added value. We tried to 

make this clearer in the Discussion section.  

 

6. What are the practical implications of the study results? What should GPs be doing with this 

information?  

 

Response: The authors thank the reviewer for this very relevant question. The authors believe the 

answer should be a nuanced answer. Since a GP's diagnosis of HF in the elderly is challenging, GPs 

are in need of a reliable diagnostic algorithm that helps them to decide which patients they must refer. 

As mentioned above, although none of the existing diagnostic algorithms exhibits perfect diagnostic 

characteristics, they can function as an aid in deciding whom to refer. Key in this decision is the value 

of NT-proBNP. The clinical characteristics or ECG results incorporated in the algorithms are of limited 

value. Deciding upon referral based on the NT-proBNP value is a trade-off between the potential 

benefits afforded by additional investigations and the burdens said investigations impose on affected 

patients. Applying a cut-off value of 125pg/mL will avoid false negative cases, applying a cut-off value 

of 400pg/mL will avoid an excessive amount of false positive cases/unnecessary referrals. The 

Discussion section was revised to clarify question 5 and 6 in the manuscript.  

 

7. The abstract should be edited to make clear that the ESC definition of heart failure is considered 

the gold standard and that the ESC diagnostic algorithm is distinct from this gold standard definition. 

This point should be made clear in the main text as well as it may be a point of confusion.  

 

Response: The authors fully agree with this suggestion and added this information to the abstract. 

Furthermore, by explaining the ESC heart failure definition as a combination of heart failure symptoms 

and signs and objective cardiac dysfunction1 in the Methods section and adding the ESC diagnostic 

algorithm to Appendix 1, showing that the algorithm consists of a combination of a clinical suspicion of 

heart failure with ECG and natriuretic peptide results, we hope the distinction is clear for the reader.  

 

8. The abstract and text should also make clear that referral rates describe the rate of persons “ruling 

in” to a heart failure diagnosis per the various diagnostic algorithms. As the study is observational, the 

reader may otherwise believe that you are referring to real world rates of referral to cardiologists by 

GPs based on their initial clinical assessments.  

 

Response: We would like to thank the reviewer for this important remark. We revised the abstract and 

added that we used “an intention-to-diagnose analysis” to validate the different diagnostic algorithms 

and rules in the BELFRAIL study cohort. As explained in the Methods section, this means we started 

from a diagnostic intent, at any given moment, in a population at risk (symptomatic patients aged 80 

years and older). Additionally, the study assessment of patients is described in the Methods section of 

the abstract and manuscript, explaining that echocardiography was done at patients’ homes in all 
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study subjects. We hope this clarifies the subject to the reader.  

 

9. The abstract conclusion that cut off values for natriuretic peptides largely determine test 

performance is not well presaged by the methods or results sections within the abstract.  

 

The authors fully agree with the reviewer and revised the Results section of the abstract to resolve 

this matter.  

 

Thank you very much for your constructive and helpful suggestions to improve our manuscript.  
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VERSION 2 – REVIEW 

REVIEWER Kumar Dharmarajan MD MBA 
Yale School of Medicine, United States 
 
1. I work under contract with the US Centers for Medicare & 
Medicaid Services to develop and maintain performance measures.  
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2. I am a consultant for and Scientific Advisory Board member of 
Clover Health, a Medicare Preferred Provider Organization. 

REVIEW RETURNED 25-Aug-2016 

 

GENERAL COMMENTS Smeets and co-authors have made a number of revisions that have 
strengthened the manuscript. These include the following:  
 
1. Abstract better presages and conveys the main study findings.  
2. Sampling strategy is more transparent.  
3. Diagnostic algorithms are now described in the appendix.  
4. Results are easier to digest, as they are clearly sub-divided by 
prediction rule.  
5. Conclusions appropriately recognize that all diagnostic rules have 
limitations, though some may have greater sensitivity and/or 
specificity than others.  
 
I have a few additional suggestions that will improve the paper’s 
clarity:  
 
1. In the abstract, your mention of the ESC definition of HF as the 
study’s reference standard should not be in the Participants section. 
Instead, add this information to the Outcome Measures section with 
the following sentence: “Diagnostic accuracy of four different 
algorithms was compared using an intention-to-diagnose analysis. 
The European Society of Cardiology (ESC) definition of HF was 
used as the reference standard for HF diagnosis.”  
 
2. In the appendix below the relevant algorithm, indicate how cut off 
values were chosen as you do in the response letter.  
 
3. In the methods section, define the term “accuracy” (sum of true 
negatives and true positives divided by total number of participants) 
as you do in the response letter.   

 

VERSION 2 – AUTHOR RESPONSE 

Smeets and co-authors have made a number of revisions that have strengthened the manuscript. 

These include the following:  

 

1. Abstract better presages and conveys the main study findings.  

2. Sampling strategy is more transparent.  

3. Diagnostic algorithms are now described in the appendix.  

4. Results are easier to digest, as they are clearly sub-divided by prediction rule.  

5. Conclusions appropriately recognize that all diagnostic rules have limitations, though some may 

have greater sensitivity and/or specificity than others.  

 

I have a few additional suggestions that will improve the paper’s clarity:  

 

1. In the abstract, your mention of the ESC definition of HF as the study’s reference standard should 

not be in the Participants section. Instead, add this information to the Outcome Measures section with 

the following sentence: “Diagnostic accuracy of four different algorithms was compared using an 

intention-to-diagnose analysis. The European Society of Cardiology (ESC) definition of HF was used 

as the reference standard for HF diagnosis.”  
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Response: The authors want to thank the reviewer for this helpful suggestion. The sentence was 

added to the Abstract.  

 

“Diagnostic accuracy of four different algorithms was compared using an intention-to-diagnose 

analysis. The European Society of Cardiology (ESC) definition of HF was used as the reference 

standard for HF diagnosis.”  

 

2. In the appendix below the relevant algorithm, indicate how cut off values were chosen as you do in 

the response letter.  

 

Response: The authors fully agree with the reviewer and added the following information to the 

appendix below the relevant algorithms:  

 

Kelder’s rule:  

“Summed score<24: heart failure ruled out; Summed score between 24-54: heart failure uncertain; 

Summed score >54: referral for echocardiography.3  

For subsequent analyses the higher score of Kelder’s rule was chosen (>54: referral) since choosing 

the lower score (≥24) led to a specificity of 6%.”  

 

Oudejans’ rule:  

Summed score≤16: heart failure ruled out; Summed score between 16-32: heart failure uncertain, 

further investigations are warranted; Summed score≥32: referral for echocardiography  

For subsequent analyses the lower score (>16: referral) of Oudejans’ rule was chosen.  

 

 

 

3. In the methods section, define the term “accuracy” (sum of true negatives and true positives divided 

by total number of participants) as you do in the response letter.  

 

Response: The authors want to thank the reviewer for this important remark and added this 

information to the Methods section:  

 

“The diagnostic accuracy (the sum of true negatives and true positives divided by total number of 

participants) of the different algorithms and rules for heart failure was calculated using an intention-to-

diagnose analysis.”  

 

Thank you very much for your thorough reading of the paper and your very helpful suggestions to 

improve our manuscript!  on M
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