
PEER REVIEW HISTORY 

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) Effects of Obstructive Sleep Apnea Risk on Postoperative 
Respiratory Complications: Protocol for a Retrospective Cohort 
Study 

AUTHORS Shin, Christina; Zaremba, Sebastian; Devine, Scott; Nikolov, Milcho; 
Kurth, Tobias; Eikermann, Matthias 

 

VERSION 1 - REVIEW 

REVIEWER Frances Chung 
Dept of Anesthesiology, University Health Network , University of 
Toronto 

REVIEW RETURNED 02-Jun-2015 

 

GENERAL COMMENTS This is a retrospective cohort study using hospital-based electronic 
data and perioperative data on medications administered and vital 
signs. It is an ambitious project with three components. Patients with 
obstructive sleep apnea have been shown to have increased 
cardiovascular and pulmonary complications. This is an important 
study to further investigate the association between obstructive 
sleep apnea and pulmonary complications.  
 
A prediction model for obstructive sleep apnea using obstructive 
sleep apnea diagnostic codes and procedural codes, as the 
reference standard will be developed. Results of the prediction 
model will be used to classify patients in the database as high, 
medium or low risk of obstructive sleep apnea. The effect of 
obstructive sleep apnea on risk of PRC will be investigated. Then 
intraoperative pharmacologic agents will modify the effect of 
obstructive sleep apnea on PRC.  
 
What is Partners Human Research Committee? Is it a hospital 
based research committee or is it a department research 
committee?  
 
The third author is Devine Scott from Merck and Co. What is the role 
of an author from a pharmaceutical company?  
 
Introduction  
 
The references on the prevalence of obstructive sleep apnea in the 
general population are very old. The author may want to consider a 
recent reference on the prevalence of obstructive sleep apnea: 
Peppard et al. Am J of Epidemiology 2013.  
 
The authors refer to REM rebound effect by very old references: 
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Knill et al. 1990 and Rosenberg et al. 1994. The REM rebound effect 
was not present in two recent studies in large prospective cohorts: 
Chung et al. Anesthesiology 2014.  
 
The hypothesis of the study was that patients with a high risk of 
obstructive sleep apnea are more vulnerable to acute postoperative 
upper airway failure that leads to re-intubation. The authors state 
that patients with obstructive sleep apnea will have more favorable 
outcomes and postoperative respiratory adverse events will not 
depend on the condition of obstructive sleep apnea. There are 
several well known studies in the literature using large database of 
millions of patients from National Surgical Inpatients and Premier 
databases that showed patients with obstructive sleep apnea have 
2-folds increase risks of pulmonary complications. (Memtsoudis et 
al. 2011, 2014, Mokhlesi et al. 2013). The database being used in 
this study has a relative smaller number of patients 68,000 patients 
versus the previous publications. In order to disprove the previous 
findings from millions of patients, this study may need larger sample 
size.  
 
 
Methods  
 
The reference standard for the prediction model will be defined as 
patients with an ICD-9 obstructive sleep apnea diagnosis following 
the appearance of a polysomnography procedural code in database. 
Since Boston is a large city, what happens if patients had their 
polysomnography done at another institution or in a sleep clinic 
outside MGH?  
 
Oxygen desaturation immediately after extubation is used as one of 
the predictor. Post-extubation oxygen desaturation will be defined as 
an oxyhemoglobin less than 90% and less than 80% for one minute 
during the first 10 minutes after extubation in OR. How would this 
data be collected? Would the patient be on O2 at this time? What 
percentage of O2 would these patients be on?  
 
The study rationale is to develop a preoperative prediction score 
using the patients’ electronic medical record to predict obstructive 
sleep apnea and its associated increased risk of postoperative 
respiratory complications. Oxygen desaturation immediately after 
extubation would not be available before surgery. The use of oxygen 
desaturation after extubation as a preoperative predictor for 
obstructive sleep apnea may not be practical.  
 
In figure 2, the authors are going to classify patient into high risk, 
moderate risk and low risk of obstructive sleep apnea. What are the 
definitions of high, moderate and low risk?  
 
 
In objective 2, the authors intend to produce three cohorts of 
patients, high, moderate and low risk for obstructive sleep apnea. 
The risks need to be defined.  
 
Obstructive sleep apnea patients with CPAP may have less 
respiratory adverse events. Would this important data be collected? 
Would compliance with CPAP be collected? The data on CPAP will 
be a key confounding factor in respiratory adverse events for 
patients with obstructive sleep apnea. 
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REVIEWER Adrian Barnett 
Queensland University of Technology  
Australia 

REVIEW RETURNED 24-Jul-2015 

 

GENERAL COMMENTS This is a large project with multiple stages. It was well written and 
presents a clear rationale and plan. There are multiple parts to the 
project, with the first part concerned with developing a prediction 
score and later parts examining risk interactions.  
 
For the risk prediction score it would be useful to apply the STARD 
checklist: http://www.equator-network.org/reporting-guidelines/stard/. 
For example, one of the items is "Whether or not the readers of the 
index tests and reference standard were blind (masked) to the 
results of the other test". However when calculating the positive 
predictive value the authors are using 100 known cases (page 13, 
line 11), so the readers will not be blinded to the other result and an 
unconscious bias could creep in to inflate the positive predictive 
value. It would be better to blindly assess 100 known cases and 100 
non-cases (or 50 of both).  
 
Given the sample size I strongly recommend using cross-validation 
to create the risk prediction score. This will give a more realistic 
estimate of the positive predictive value and avoid giving an overly-
optimistic value because when using a single sample the model is a 
good fit to this data but a worse fit to future data. This would also 
avoid the need to use the planned bootstrap techniques (page 14).  
 
A 25% loss of data (page 12 line 17) is large and potentially 
introduces serious biases. In terms of missing data I would 
recommend a sensitivity analysis based on imputing missing data 
and/or using 'missing' as a category for some variables. The use of 
missing as a category could prove useful if it's predictive, e.g., some 
tests missing because the clinicians judges them to be extremely 
low risk and so there was no need to perform the test.  
 
The c-statistic is well established (and it was good to see an a priori 
target), but there are alternatives that are more clinically meaningful. 
See this excellent paper for example: NR Cook. Statistical 
evaluation of prognostic versus diagnostic models: beyond the ROC 
curve. Clin Chem. 2008 Jan;54(1):17-23.  
 
Forwards selection is a useful procedure, but there are better 
performing automated model selection procedures such as the lasso 
(see for example: http://statweb.stanford.edu/~tibs/lasso.html).  
 
Minor comments  
- there were quite a few acronyms which made it hard for me to 
follow, but then I'm not familiar with this field  
- strengths and limitations bullets, change 'will enable perioperative 
clinicians' to 'may enable perioperative clinicians'  
- include the 95% confidence interval when presenting the positive 
predictive value  
- I (and many others) are skeptical of scores as there are many 
existing scores that are not used. The authors gave a nice rationale 
for the use of their score (end of page 9), but it may be worth a 
sentence or two in the limitations about how they would ensure the 
uptake/translation of their score.  
- Adjusting for 'major comorbidities' (page 10) is fine, but if there's a 
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long list of conditions then there's a risk of finding a spurious 
statistically significant association, especially given the very large 
sample size.  
- How are patients who die during the operation treated?  
- For each exclusion given (bottom of page 12) there should be a 
reason given. E.g., why those with a previous recent surgery? 
Wouldn't these patients get a prediction score if it was used in 
routine practice?  
- Weight and BMI are often strongly correlated, so it may be unwise 
to include both of them here. However, perhaps weight is important 
independently because it's used to judge doses for some drugs?  
- Page 17, hospital length of stay should be 'post surgery' to exclude 
any unrelated time spent prior to surgery  

 

VERSION 1 – AUTHOR RESPONSE 

Response to the comments of Reviewer 1, Frances Chung.  

 

Comment: This is a retrospective cohort study using hospital-based electronic data and perioperative 

data on medications administered and vital signs. It is an ambitious project with three components. 

Patients with obstructive sleep apnea have been shown to have increased cardiovascular and 

pulmonary complications. This is an important study to further investigate the association between 

obstructive sleep apnea and pulmonary complications.  

 

A prediction model for obstructive sleep apnea using obstructive sleep apnea diagnostic codes and 

procedural codes, as the reference standard will be developed. Results of the prediction model will be 

used to classify patients in the database as high, medium or low risk of obstructive sleep apnea. The 

effect of obstructive sleep apnea on risk of PRC will be investigated. Then intraoperative 

pharmacologic agents will modify the effect of obstructive sleep apnea on PRC.  

 

What is Partners Human Research Committee? Is it a hospital based research committee or is it a 

department research committee?  

 

Response: We appreciate your comment that this is an important study to further investigate the 

association between obstructive sleep apnea and pulmonary complications. The Partners Human 

Research Committee (PHRC) is the Institutional Review Board (IRB) of Partners HealthCare, the non-

profit hospital and physicians network that includes our institution Massachusetts General Hospital. 

The PHRC must approve all human-subject research conducted by a Partners-affiliated investigator.  

 

 

The third author is Devine Scott from Merck and Co. What is the role of an author from a 

pharmaceutical company?  

 

Response: Thank you for addressing authorship criteria. Scott Devine MPH PhD is a 

pharmacoepidemiologist and outcomes researcher at Merck and Co., and he fulfills the criteria for 

authorship as defined by the International Committee of Medical Journal Editors (ICMJE; 

http://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-

and-contributors.html). Per the 4 criteria outlined by ICMJE, Dr. Devine has provided substantial 

contributions to the design of the work, revised the work critically for important intellectual content, 

approved the final version to be published, and has agreed to be accountable for all aspects of the 

work in ensuring that questions related to the accuracy or integrity of any part of the work are 

appropriately investigated and resolved. As with all authors, possible conflicts of interests have been 

disclosed in the manuscript.  
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Introduction  

 

The references on the prevalence of obstructive sleep apnea in the general population are very old. 

The author may want to consider a recent reference on the prevalence of obstructive sleep apnea: 

Peppard et al. Am J of Epidemiology 2013.  

 

Response: Thank you very much for this recommendation. We will update our reference.  

 

The authors refer to REM rebound effect by very old references: Knill et al. 1990 and Rosenberg et al. 

1994. The REM rebound effect was not present in two recent studies in large prospective cohorts: 

Chung et al. Anesthesiology 2014.  

 

Response: Thank you for this comment. We agree that in the perioperative period, factors other than 

sleep deprivation may also predict sleep architecture, such as pain severity opioid and sedative 

effects. Thus, the REM rebound effect may be difficult to isolate in studies with a relatively low sample 

size. We have cited this reviewer’s manuscript and included the above points in the revised 

manuscript.  

 

 

The hypothesis of the study was that patients with a high risk of obstructive sleep apnea are more 

vulnerable to acute postoperative upper airway failure that leads to re-intubation. The authors state 

that patients with obstructive sleep apnea will have more favorable outcomes and postoperative 

respiratory adverse events will not depend on the condition of obstructive sleep apnea. There are 

several well known studies in the literature using large database of millions of patients from National 

Surgical Inpatients and Premier databases that showed patients with obstructive sleep apnea have 2-

folds increase risks of pulmonary complications. (Memtsoudis et al. 2011, 2014, Mokhlesi et al. 2013). 

The database being used in this study has a relative smaller number of patients 68,000 patients 

versus the previous publications. In order to disprove the previous findings from millions of patients, 

this study may need larger sample size.  

 

Response: Thank you for discussing the potential results generated from our database. We have 

performed rigorous power calculations, the results of which allow us to make meaningful conclusions 

based on the size of our dataset. Our database provides highly granular intraoperative data collected 

by the minute obtained directly from our institution’s anesthesia information system. As a result, we 

will be able to accomplish adequate confounder control for perioperative predictors of respiratory 

dysfunction. Thus we believe that it is the quality of our data, not just the size, that will permit us to 

make substantial contributions to perioperative medicine. Our group has previously made substantial 

contributions to the perioperative respiratory medicine literature using our dataset (Ladha, BMJ 2015; 

Brueckmann, Anesthesiology 2013, de Jong et al, Annals of Surgery 2015, in press), which will be 

used in this OSA-focused study  

 

We have slightly modified our hypotheses as follows:  

 

Based on previous data,12 we hypothesize that patients with a high risk of OSA, as identified by our 

new prediction instrument, are more vulnerable to acute postoperative upper airway failure that leads 

to re-intubation. We further hypothesize that such patients will experience less favorable outcomes, 

depicted as ICU admission rate, hospital length of stay, and hospital costs.  

 

 

Methods  
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The reference standard for the prediction model will be defined as patients with an ICD-9 obstructive 

sleep apnea diagnosis following the appearance of a polysomnography procedural code in database. 

Since Boston is a large city, what happens if patients had their polysomnography done at another 

institution or in a sleep clinic outside MGH?  

 

Response: Thank you for this important question. We have recently expanded out database to include 

the institutions that perform polysomnography for the majority of patients undergoing surgery at MGH. 

Thus, we are able to obtain polysomnography procedural codes for a significant majority of our 

patients and this data has been validated by chart review. In addition, our data now captures not only 

MGH but also two affiliated community hospitals. This approach will capture the large majority of 

patients who undergo surgery at MGH but who are evaluated for sleep disorders outside of MGH.  

 

Oxygen desaturation immediately after extubation is used as one of the predictor. Post-extubation 

oxygen desaturation will be defined as an oxyhemoglobin less than 90% and less than 80% for one 

minute during the first 10 minutes after extubation in OR. How would this data be collected? Would 

the patient be on O2 at this time? What percentage of O2 would these patients be on?  

 

Response:  

We utilize the incidence of oxygen desaturation immediately after extubation or removal of 

supraglottic airway devices because patients are vulnerable to desaturation in this period and thus, in 

order to predict a patient's OSA risk in the perioperative setting. This perioperative score incorporating 

desaturation will be utilized by anesthesiologists and other providers to appropriately plan and care for 

patients immediately after surgery. Immediately following extubation or removal of supraglottic airway 

device, the peripheral oxygen saturation of all surgical patients at our institution are still monitored and 

collected by our anesthesia machines. This data has been extracted and incorporated into our large 

perioperative clinical database.  

 

Our vision is to produce a tool that can be used to more effectively predict risk in our most vulnerable 

patients. As we define perioperative clinical pathways of patients at risk of postoperative respiratory 

complications (PRC), we believe it is important to implement effective preoperative screening and to 

identify procedure-specific risk factors. Anesthesiologists have the unique opportunity to also address 

intraoperative factors that would further increase the risk of PRCs in our especially vulnerable 

patients, e.g. those who have OSA.  

 

In figure 2, the authors are going to classify patient into high risk, moderate risk and low risk of 

obstructive sleep apnea. What are the definitions of high, moderate and low risk? In objective 2, the 

authors intend to produce three cohorts of patients, high, moderate and low risk for obstructive sleep 

apnea. The risks need to be defined.  

 

Response: Following score development, we will categorize the predicted OSA risk in tertiles, which 

will then be defined as high risk, moderate risk and low risk.  

 

Obstructive sleep apnea patients with CPAP may have less respiratory adverse events. Would this 

important data be collected? Would compliance with CPAP be collected? The data on CPAP will be a 

key confounding factor in respiratory adverse events for patients with obstructive sleep apnea.  

 

Response: The reviewer asks an interesting question about the use of CPAP and compliance with 

CPAP with regards to the risk of adverse events in patients with OSA. Data on effectiveness of 

perioperative CPAP treatment in the literature is inconsistent. We agree that future studies should 

focus on characterizing the effect of preoperative compliance with CPAP in OSA patients on 

postoperative respiratory outcomes.  

 

 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-2015-008436 on 13 January 2016. D

ow
nloaded from

 

http://bmjopen.bmj.com/


 

Response to the comments of Reviewer 2, Adrian Barnett:  

 

Comments: This is a large project with multiple stages. It was well written and presents a clear 

rationale and plan. There are multiple parts to the project, with the first part concerned with 

developing a prediction score and later parts examining risk interactions.  

 

For the risk prediction score it would be useful to apply the STARD checklist: http://www.equator-

network.org/reporting-guidelines/stard/. For example, one of the items is "Whether or not the readers 

of the index tests and reference standard were blind (masked) to the results of the other test". 

However when calculating the positive predictive value the authors are using 100 known cases (page 

13, line 11), so the readers will not be blinded to the other result and an unconscious bias could creep 

in to inflate the positive predictive value. It would be better to blindly assess 100 known cases and 

100 non-cases (or 50 of both).  

 

Response: We will apply the STARD checklist where applicable. Please note, however, that we are 

not developing a "diagnostic" tool. In a substudy, we will evaluate the performance of the OSA coding, 

however. We will apply blinded review for this part of the study.  

 

Given the sample size I strongly recommend using cross-validation to create the risk prediction score. 

This will give a more realistic estimate of the positive predictive value and avoid giving an overly-

optimistic value because when using a single sample the model is a good fit to this data but a worse 

fit to future data. This would also avoid the need to use the planned bootstrap techniques (page 14).  

 

Response: Thank you very much for bringing up this issue. Our sample is now much larger compared 

to the time point when we originally submitted our protocol. Nevertheless, we believe that dividing the 

data set of the same source into multiple smaller sets to perform cross validation is not more 

convincing than performing bootstrapping or other methods to prevent overfitting and overoptimism. 

We believe that our proposal will allow enough sensitivity analyses to robustly estimate predictive 

scores. Whether this score will travel to other settings is best tested by applying our model in other 

settings.  

 

 

A 25% loss of data (page 12 line 17) is large and potentially introduces serious biases. In terms of 

missing data I would recommend a sensitivity analysis based on imputing missing data and/or using 

'missing' as a category for some variables. The use of missing as a category could prove useful if it's 

predictive, e.g., some tests missing because the clinicians judges them to be extremely low risk and 

so there was no need to perform the test.  

 

Response: thank you for this comment. We will include as sensitivity analyses multiple imputation and 

using missing category as indicator variable to test whether missing information can improve 

prediction.  

 

The c-statistic is well established (and it was good to see an a priori target), but there are alternatives 

that are more clinically meaningful. See this excellent paper for example: NR Cook. Statistical 

evaluation of prognostic versus diagnostic models: beyond the ROC curve. Clin Chem. 2008 

Jan;54(1):17-23.  

 

Response: We have chosen the C statistic as the event is close to exposure and the the C statistic is 

generally accepted in these settings. The C statistic is less powerful for follow up data. In addition, we 

are not comparing any other prediction score to our score. Thus, while we are aware of other methods 

to compare predictive abilities of models (see for example: 
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http://www.bmj.com/content/350/bmj.h2863 ), we do not believe that it is applicable to the setting of 

the proposed study.  

 

 

Forwards selection is a useful procedure, but there are better performing automated model selection 

procedures such as the lasso (see for example: http://statweb.stanford.edu/~tibs/lasso.html).  

 

Response: Thank you for your comment. We believe that forward selection is a valid method in our 

setting. We will further ensure that we limit the list of predictive variables to biologically meaningful co-

variates.  

 

 

Minor comments  

- there were quite a few acronyms which made it hard for me to follow, but then I'm not familiar with 

this field  

 

Response: We have reduced our use of acronyms. We now only use SDB (sleep disordered 

breathing), OSA (obstructive sleep apnea), PRC (postoperative respiratory complication), AHI (apnea 

hypopnea index), REM (rapid eye movement), ICD-9 (International Classification of Diseases-9), CPT 

(Current Procedural Terminology), ASA (American Society of Anesthesiologists), CPAP (continuous 

positive airway pressure), and BMI (body mass index).  

 

- strengths and limitations bullets, change 'will enable perioperative clinicians' to 'may enable 

perioperative clinicians'  

 

Response: done.  

 

- include the 95% confidence interval when presenting the positive predictive value  

 

Response: we will include this, if applicable.  

 

- I (and many others) are skeptical of scores as there are many existing scores that are not used. The 

authors gave a nice rationale for the use of their score (end of page 9), but it may be worth a 

sentence or two in the limitations about how they would ensure the uptake/translation of their score.  

 

Response: we agree very much with the criticism of prediction scores. We may not have been clear 

but we hope to develop a tool for a dataset like ours to be applicable in specific settings, such as for 

intervention studies. Ideally our score will also be considered for use in clinical practice but this would 

involve much more testing and validation. We have made this point clear in the discussion.  

 

 

Adjusting for 'major comorbidities' (page 10) is fine, but if there's a long list of conditions then there's a 

risk of finding a spurious statistically significant association, especially given the very large sample 

size.  

 

Response: Thank you very much for this important comment. We will limit the "choice" of co-morbid 

conditions to those that are most biologically plausible once to reduce this potential bias.  

 

How are patients who die during the operation treated?  

 

Response: We will exclude all patients with intraoperative death, as OSA does not lead to this 

outcome. We will conduct a separate sensitivity analysis to investigate postoperative mortality.  
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For each exclusion given (bottom of page 12) there should be a reason given. E.g., why those with a 

previous recent surgery? Wouldn't these patients get a prediction score if it was used in routine 

practice?  

 

Response: Thank you very much for this suggestion. We have revised the manuscript and provided 

reasons for exclusion.  

 

- Weight and BMI are often strongly correlated, so it may be unwise to include both of them here. 

However, perhaps weight is important independently because it's used to judge doses for some 

drugs?  

 

Response: In our new dataset the information about BMI is more robust and we will only use this 

information.  

 

- Page 17, hospital length of stay should be 'post surgery' to exclude any unrelated time spent prior to 

surgery  

 

Response: Thank you for this comment, we will change the definition of hospital length of stay as 

suggested. 

 

VERSION 2 – REVIEW 

REVIEWER Frances Chung 
Department of Anesthesiology,  
Toronto Western Hospital,  
University Health Network,  
University of Toronto 

REVIEW RETURNED 12-Sep-2015 

 

GENERAL COMMENTS The hypothesis is that such patients will experience less favorable 
outcomes, depicted as intensive care unit admission rate, hospital 
length of stay, and hospital costs.  
 
Does the database has distinction between planned ICU admission 
or unplanned admission? For patients with obstructive sleep apnea, 
patients may have planned admission due to the need for monitoring  
 
“Oxygen desaturation immediately after extubation is considered as 
a predictor.  
 
Post-extubation oxygen desaturation will be defined as an 
oxyhemoglobin reading less than 90% and less than 80% for at least 
one minute, as measured by pulse oximetry during the first 10 
minutes after extubation in the operating room. “ Are two outcomes 
being measured, <90% and <80%?  
 
Thus, we conservatively estimate 3% (n=3,000) patients in our 
surgical population to have a high likelihood of OSA. Our exposure 
groups of high, moderate, and low OSA risk will each have a sample 
size of 3,000 patients. Based on data estimating OSA prevalence in 
the general surgical population, we conservatively expect to find 
approximately 3,000 patients with high likelihood of OSA in our 
surgical population. Using our prediction model from Aim 1, we will 

 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-2015-008436 on 13 January 2016. D

ow
nloaded from

 

http://bmjopen.bmj.com/


determine the risk of OSA and assign patients found to be at high, 
moderate and low risk of OSA. Each of these three exposure groups 
will consist of approximately 3,000 patients. If n=3000 patients in 
total in the surgical population is estimated to have a high likelihood 
of obstructive sleep apnea, should each exposure group of high, 
moderate and low risk of obstructive sleep apnea be 1000 patient 
each. 

 

REVIEWER Adrian Barnett 
Queensland University of Technology  
Australia 

REVIEW RETURNED 22-Aug-2015 

 

GENERAL COMMENTS I am disappointed that the authors have rebuffed most of my 
suggestions for alternative analyses. However, that is no bar to 
publication. I've made some further points below in an attempt to 
convince them.  
 
I’m a frequent user of both the bootstrap and cross-validation and in 
my opinion cross-validation would be far more useful here. The 
authors reply that, “Whether this score will travel to other settings is 
best tested by applying our model in other settings.” However, 
there’s also the important question of how the model will perform in 
this setting but in future data, and that would be better answered by 
cross-validation. Giving realistic estimates of future performance is 
important given the justification of health care dollars (page 9 line 
25).  
 
It’s true that the c-statistic may be ‘generally accepted’ but there are 
now better performing statistics. Also, I wasn’t thinking about 
comparing with other predictions scores, rather the methods I 
outlined could be used to compare different versions of your own 
score, that is it would be a very useful aid to variable selection.  
 
Minor comments  
- page 16 line 2, at least 3000?  
- page 17 line 17, it would be better to pre-specify the interactions 
rather than just saying 'appropriate'  

 

VERSION 2 – AUTHOR RESPONSE 

Response to the comments of Reviewer 2, Adrian Barnett:  

 

Comments: I am disappointed that the authors have rebuffed most of my suggestions for alternative 

analyses. However, that is no bar to publication. I've made some further points below in an attempt to 

convince them.  

 

I’m a frequent user of both the bootstrap and cross-validation and in my opinion cross-validation 

would be far more useful here. The authors reply that, “Whether this score will travel to other settings 

is best tested by applying our model in other settings.” However, there’s also the important question of 

how the model will perform in this setting but in future data, and that would be better answered by 

cross-validation. Giving realistic estimates of future performance is important given the justification of 

health care dollars (page 9 line 25).  

 

Response: We agree and will include cross validation as been suggested by the reviewer. We have 
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revised the manuscript to reflect the addition of cross validation in our methods.  

 

Comment: It’s true that the c-statistic may be ‘generally accepted’ but there are now better performing 

statistics. Also, I wasn’t thinking about comparing with other predictions scores, rather the methods I 

outlined could be used to compare different versions of your own score, that is it would be a very 

useful aid to variable selection.  

 

Response: Thank you for your suggestion. As our models do not have a time component (ie, 

predicting events in the future beyond hospital stay) we believe that the C statistic is an accurate 

measure. As we have already noted above, we will use cross-validation to evaluate the model 

performance on a broader population level. To evaluate the predictive ability of post-operative 

information (i.e. immediate post-extubation desaturation), which is important for post-operative 

decision-making, we will compare two multivariable regression models with and without post-

operative information, such as post-extubation desaturation, using reclassification as recommended in 

the Cook et al statistical paper previously cited by the reviewer (NR Cook. Statistical evaluation of 

prognostic versus diagnostic models: beyond the ROC curve. Clin Chem. 2008 Jan;54(1):17-23). We 

will use the reclassification approach previously described by Pencina et al (MJ Pencina. Evaluating 

the added predictive ability of a new marker: from area under the ROC curve to reclassification and 

beyond. Stat Med. 2008 Jan; 27(2): 157-72).  

 

Minor comments:  

Comment:-page 16 line 2, at least 3000?  

 

Response: Thank you for your comment. These sample size estimates have created some confusion 

and we have revised the manuscript with our explanation above, in response to Reviewer 1’s 

question.  

 

Comment: - page 17 line 17, it would be better to pre-specify the interactions rather than just saying 

'appropriate'  

 

Response: Thank you for your comment. We have specified the interactions of interest in the 

manuscript, which is reproduced here:  

We will use the likelihood ratio test to contrast our main model to a model including interaction terms 

between OSA and the following variables: neuromuscular blocking agent dose, opioid dose, and 

median effective dose of anesthetics.  

 

Response to the comments of Reviewer 1, Frances Chung.  

 

Comment: The hypothesis is that such patients will experience less favorable outcomes, depicted as 

intensive care unit admission rate, hospital length of stay, and hospital costs.  

 

Does the database has distinction between planned ICU admission or unplanned admission? For 

patients with obstructive sleep apnea, patients may have planned admission due to the need for 

monitoring  

 

Response: Thank you for your comment. In our institution, it is difficult to determine clearly whether a 

patient has been admitted to the ICU in a “planned” or “unplanned” fashion. In fact, the decision to 

request an ICU bed can be made by the anesthesiologist at anytime – prior to induction, during 

surgery, after extubation, or even during postoperative recovery room stay. So there is a grey zone 

that cannot be adequately captured in this study. The reviewer makes an excellent point. However, 

we do not have an institution-wide policy for planned ICU admissions for patients with obstructive 

sleep apnea following surgery.  
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Comment: “Oxygen desaturation immediately after extubation is considered as a predictor.  

 

Post-extubation oxygen desaturation will be defined as an oxyhemoglobin reading less than 90% and 

less than 80% for at least one minute, as measured by pulse oximetry during the first 10 minutes after 

extubation in the operating room. “ Are two outcomes being measured, <90% and <80%?  

 

Response: Yes, two distinct outcomes are measured.  

 

Comment: Thus, we conservatively estimate 3% (n=3,000) patients in our surgical population to have 

a high likelihood of OSA. Our exposure groups of high, moderate, and low OSA risk will each have a 

sample size of 3,000 patients. Based on data estimating OSA prevalence in the general surgical 

population, we conservatively expect to find approximately 3,000 patients with high likelihood of OSA 

in our surgical population. Using our prediction model from Aim 1, we will determine the risk of OSA 

and assign patients found to be at high, moderate and low risk of OSA. Each of these three exposure 

groups will consist of approximately 3,000 patients. If n=3000 patients in total in the surgical 

population is estimated to have a high likelihood of obstructive sleep apnea, should each exposure 

group of high, moderate and low risk of obstructive sleep apnea be 1000 patient each.  

 

Response: Thank you for your comment. We realize that our numbers reported have caused some 

confusion. We will build our prediction model based on those patients with evidence of OSA based on 

a specific combination of diagnostic and procedure codes for OSA and polysomnography. Based on 

the prediction score, we will identify patients with high, medium or low risk of OSA and the size of 

these risk groups will not be pre-determined. We believe we will identify more patients as having a 

likelihood of OSA even in the absence of a billing code, due to under diagnosis of this condition. 

 

VERSION 3 – REVIEW 

REVIEWER Adrian Barnett 
Queensland University of Technology  
Australia 

REVIEW RETURNED 13-Oct-2015 

 

GENERAL COMMENTS Minor comment  
- I'm not sure if the "contributed equally" asterisk is allowed on the 
title page as the journal uses an author contribution box  
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