
Committee comments - general

• The title and discussion both imply that the findings are generalisable to 

surgery in general. Is that overstating things when you have looked at only 8 

procedures?

We used the same title as prior work and acknowledge it may not be 

generalizable and have noted this in the discussion. We are happy to modify 

the title.

• The committee shared the reviewers concerns. We have attempted to address all the reviewers concerns and comments.

• What is the relevance of your findings for countries where most patients can’t 

choose their surgeon if they aren’t private patients?

We have added a sentence in the abstract from the discussion to highlight 

this. In countries where patients do not have a choice, our view is that the 

system administrators could make decisions on workload distribution based 

on specialization (as well as volume) to improve clinical outcomes for the 

system. Also, the referring physician can use this metric to improve patient 

outcomes.

• You might consider citing Birkmeyer BMJ 2005;331:821. We have added this cite in the discussion.

• Interesting RQ with a new angle on the volume-outcome relationship. We are excited the committee feels this way, and we believe that these 

findings could alter the way we think about surgeon workload, as patients, 

referring physicians, policymakers, and administrators in the system.

• These procedures are nevertheless quite specialised (not all surgeons do 

oesophagostomies or pancreatic resections, for example) and it would have been 

interesting to see whether this travels to procedures that are more commonplace 

(cholecystectomy, orthopaedic surgery, etc).

For this initial study, we focused on the same 8 conditions reviewed initially by 

Birkmeyer to ground our research in prior work. Per reviewer 2, we have 

added a paragraph in the discussion on future areas of research and included 

this.

• If you take surgeon specialisation as “the surgeon’s volume for a given 

procedure divided by his/her total operative volume across all procedures” how 

can you  conclude that “ For several common procedures, surgeon specialization 

is an important predictor of operative mortality independent of procedure 

volume” when volume is how you have measured specialisation?

We apologize for the confusion and have attempted to simplify the language. 

To help explain, let "v(j)" be volume in a specific procedure, and "v" be total 

operative volume in all procedures. Surgeon specialization in a specific 

procedure (s(j)) is then equal to v(j) / v. Our regressions control for v(j) and 

s(j), and therefore we can interpret our results as relative risk reduction 

between two surgeons who perform the same number of a specific procedure 

(e.g., each does 20 CABGs), but differ in the level of specialization. The factor 

changing between these two surgeons is therefore the total number of 

procedures performed across all procedures (CABGs and valve replacements, 

etc.)

• Specialisation has been taken as a factor of volume of a procedure so how can 

it be independent?

See above explanation

• We understand that “a surgeon performing 20 procedures, of which 20 are 

valve replacements (denoting 100% specialization in the procedure), would have 

lower operative mortality rates than a surgeon who performs 100 total 

operations, of which 40 are valve replacements (denoting 40% specialization in 

the procedure)” but this is rarely the case in the countries where specialisation is 

already prominent.

We have noted this in the limitations

• It also depends on how surgeons log things – some log books will count an 

oesophagostomy as four different operations/steps that will all count towards a 

volume.

For our study, we used Medicare claims and limited ourselves to certain 

procedure codes. Since it is reported at the patient level and each surgery is 

reported as a single event for reimbursement purposes, we should not have 

encountered a logging problem.

• How have you adjusted/counted for group consultant operating – now very 

common for all the procedures analysed.

For each surgery, we used the "operating physician field" to attempt to 

capture the surgeon conducting the most complex part of the surgery. We 

further included an AMC flag to account for training hospitals where residents 

may be doing parts of the surgery. We had no other way of accounting for the 

group/consulting operating approach and added this to the limitations.

• In general this manner of measuring specialisation will bias against older 

surgeons with a larger volume of overall surgeries – which means that there are 

several confounding factors – are they taking harder cases because they are 

more experienced?  Are they using different techniques – lap versus open.

We included physician random effects which would account for unobserved 

differences between physicians, such as age/experience. We also included 

procedure type dummies which accounts for different techniques/complexity 

within each procedure (see Appendix table A3).

• “We further limited patients based on specific diagnoses and other procedures 

performed (see Appendix for ICD9 codes). To avoid adverse mortality effects due 

to delays in performing surgery, we limited patients to those with procedures 

performed within three days of admission.”  Does this mean that you only looked 

at emergency cases?

We did not limit ourselves to patients who entered through the emergency 

room. However, there are cases where a patient will enter needing a surgery, 

but due to multiple complications has to wait over 3 days for her procedure. In 

those cases, it has been proven in certain procedures to increase the likelihood 

of mortality. Therefore, we removed these cases in the event similar effects 

would happen in our dataset to avoid any biases. We have included a cite in 

the methods to help clarify this point.

• We would like more information on comorbidity. We listed out the 17 comorbidities following Krumholz's model, and have 

added a table in the appendix which shows the prevalence of each 

comorbidity by group by procedure.

• A statement on specialisation and decision making could be helpful: Does 

choosing less patients to operate on mean that you can increase your 

‘specialisation’ then are we just seeing more cautious surgeons as specialists?

As noted in the manuscript, we do not claim to have answered what the 

mechanism of the observed specialization-outcomes relationship is. However, 

this is an interesting question. First, we did not see differences in patient 

characteristics across quarters of specialization, suggesting there was not 

selection bias. Additionally, we saw that procedure volume in the specific 

procedure of interest generally increased as specialization increased.



• The patient reviewer raises an important question about the value of the 30-

day outcome. Could you add a few sentences and perhaps a citation or what they 

did to know/decide the preferences that were important to patients?

We have updated the manuscript to discuss how mortality has been a focus of 

other surgical outcomes and is reported data in the US and UK.

Committee comments - statistical

•       The definition of specialization looks at % of volume not absolute amount. I 

think this is OK as there is a lot of heterogeneity across procedures in actual 

numbers. I think the same reason underlies the authors’ use of 4 groups based on 

quartiles rather than use actual % specialization. Did the authors also consider 

using amount of specialization as a continuous variable?

We did consider the use of a continuous variable, but did not report that as 

the main variable of interest to (A) follow the original volume-outcome work 

and (B) because it would be harder to explain as relative risk reduction. 

However, given the multiple comments about the results using a continuous 

variable, we have added this into the manuscript as a sensitivity analysis since 

it yielded similar results

•       In adjusted models it is unclear whether continuous covariates were kept as 

continuous.

We only ran two types of regressions, with and without surgeon 

specialization. In all cases, covariates were included as binary variables 

(comorbidities, AMC status, gender, race, day of the week, etc.). Per reviewer 

comments, we have included a version of the regression with surgeon 

specialization and procedure volume as continuous variable, but all other 

covariates remain the same.

•       There are only 3 quartiles, the 3 values that divide the data into 4 equal 

quarters. Please don’t use quartile to mean a quarter of the data. (NB inter-

quartile range is the range from 1st to 3rd quartile.)

We have updated the manuscript and tables.

•       Does Table 3 show relative OR or RR? We have clarified this in the table and throughout the manuscript.

•       The text says that RRs were obtained from logistic models but it needs to be 

clear which are presented in tables.

We have clarified this in Table 3 and Table 4.

•       Table 4: I’m not convinced one can simply compare the percentages for 

specialization and volume taken from different analyses of the same data. But the 

last column shows impact on volume effect of adding specialization, which is ok I 

feel. But none of the numbers in this table has uncertainty indicated which I 

guess is large in some cases. Can CIs be added?

We have included the CIs in the table. Our methodology with this analysis was 

to run a regression with all the covariates and procedure volume only, and 

then add specialization on top of that regression. Therefore, the only change 

was specialization, and you can estimate the impact on the volume coefficient 

using this method, which is what we calculated in the final column

Reviewer 1

1. Abstract - I think it would read better if there was simpler language used. For 

example - in the conclusion, it would make more sense to me if it read "surgeons 

specialising in one procedure have lower mortality rates than those who have a 

broader practice (if this is indeed what you mean).

We have reviewed the entire manuscript to improve readability.

Also - page 3 line 8 - it would make more sense to me if you wrote 15 percent 

relative risk reduction, otherwise I am left hanging, wondering a 15 percent 

reduction from what.

We have clarified this throughout the  manuscript.

Line 15 - I'm not really sure what 9 to 100 percent of the volumes outcomes 

relationship means - this only became clearer when I found it later on in the 

manuscript and I could un-pick what it meant.

We have updated the manuscript.

2. Page 4 - 'what this paper adds' - why does this title appear twice (what this 

study adds appears further down)

We were following standard BMJ methods for the "what this paper adds", 

which is the title of the  box, and the "what this study adds" is a subheading 

within the "what this paper adds" box.

3. page 4 - line 13 - do you mean other high risk industries like oil rig engineering? 

I assume you don't mean telephone or car manufacturing?

The concept of "focused factories" has been considered in other industries. We 

have added cites for banking, airplane, automobile, and clinical trial 

industries.

4. page 5 - line 20 "there is reason to believe that the degree to which a surgeon 

specialises in a specific procedure may be as important as the frequency that he 

or she performs it" - this makes no sense. The frequency with which they perform 

that specific procedure IS THE SAME THING as how specialised they are - isn't it? 

If they do a valve replacement more frequently than anything else (in 20 

procedures, 19 of them are valve replacements) - they are more specialised. 

Don't you mean to say - ""there is reason to believe that the degree to which a 

surgeon specialises in a specific procedure may be as important as the total 

volume of operations they perform" - because previously the focus has been on 

volume, and now we are saying that specialisation is just as important?

We have updated the manuscript.

5. Page 5 - line 51 - I would be careful to define the phrase 'claims data' for a UK 

audience. To me, when someone tells me they are making a claim, it means they 

are suing someone.

We have updated the manuscript to clarify this for audiences.

6. page 6 - why did you choose 2008-2013? 2013 is the latest year of data available to us from Medicare. We have 

clarified this in the manuscript.

7. page 7 - line 15 - when you say beneficiaries, do you mean patients? We have updated this to "patients" throughout the manuscript.

and why did you only include people having operations aged 66 years and older? This is a restriction of the Medicare program in the US (you are eligible after 

the age of 65)

I want to know if specialisation has an effect for surgeons operating on younger 

people like me.

Given the data available in the US, this was not possible for us to do. We list 

this as a limitation in the discussion.



8.page 8 - I assume when you looked at co-morbidity profile that you adjusted for 

the fact that some surgeons will operate on many more high anaesthetic risk 

patients than others.

All co-morbidities following Krumholz et al. were accounted for in our 

regressions.

Also - what are hospital specific factors? How much money the organisation has? 

How much under-staffed they are? How exhausted the surgeons are covering too 

many shifts?

We included hospital random effects in our regression, which would account 

for all unobserved hospital factors, including those listed by the reviewer, as 

well as others such as EHR system differences, technology differences, etc.. 

We have updated the manuscript to include examples.

line 39 - what are the 'standard methods' These methods were initially cited. To make it clearer, we have updated the 

language to be more specific

9. Page 9 - I would take care making the statement that you wanted to focus on 

30 day mortality because it is the most important outcome for patients, unless 

you can reference it. I realise this is a very important outcome for surgeons. I also 

realise many patients (including myself) would not want to day before 30 days. 

However, some people may prefer to die than to wake up with a terrible 

complication and have a very low quality of life, making quality of life a more 

important outcome. This is a complex issue (defining what is THE MOST 

important outcome for all patients) and I would take care with it.

We have updated the manuscript to  discuss why we focused on 30-day 

mortality and included the research of other outcomes in the discussion as an 

area of future research.

10. Page 9 - line 30 - I would explain that 94 percentage points in CABG denotes (I 

presume more?) specialisation.

We have updated the manuscript.

11. page 10 - line 3 - have you already defined what you mean by 'highly' 

specialised? 60 percentage points? 70 percentage points? 80?

We have updated the manuscript to be clear which quarter of surgeons we 

are referring to.

12. page 12 - line 11 I would replace 'improved mortality' with reduced mortality We have updated the manuscript.

line 22 - I agree with all of the possible mechanisms by which low mortality with 

increased specialisation might be mediated, but I wonder if there are others? For 

example - if a surgeon is more specialised, does that mean the team he most 

often works with in the operating room are also more specialised? Do they gel 

better as a team, are they able to predict what is going to happen with more 

ease?

Our discussion is not meant to be exhaustive, and we agree there may be 

other mechanisms we have not thought of. We did add a cite for Rob 

Huckman's paper that did find a surgeons procedure volume is hospital 

dependent. We believe that  looking at team specialization as an area of 

future research.

line 41 - I acknowledge your limitation that there are restrictions with claims 

data, what about problems with the claims data being incorrectly coded - I know 

there have been all sorts of issues with coding in the UK.

We have updated the manuscript.

13. page 13 - I am not sure if this is a valid point, but after I finished reading the 

paper I was left wondering about it. If a surgeon has a higher specialisation but 

still has to commit to trauma lists, and covering the lists of his colleagues when 

they are sick or on holiday, does this mean that the mortality rate in these other 

specialties then goes up because the surgeon is so focussed on one particular 

thing? In which case should a cohort of surgeons with a broader interest be 

retained to respond to these organisational needs, leaving more specialised 

surgeons out of those other expected responsibilities?

We agree this is a very interesting question, but this was beyond the scope we 

defined for this manuscript. Our results answer the question of which of two 

CABG surgeons you should have perform your CABG, and would suggest that 

if one is also covering trauma lists at other times, they would have lower 

specialization and worse results on CABGs performed compared to their 

colleague. We cannot however comment on their performance for procedures 

performed while covering the trauma list that are not CABGs. We have 

included the idea of department specialization and workload distribution as an 

area of future research.

Reviewer 2

1. Title: For visibility issues, please add the study design e.g. ” - a retrospective 

database analysis”

We have updated the manuscript.

Abstract:

Results:

2. One sentence on the results for “lung resection, cystectomy, pancreatic 

resection, and esophagectomy” should be reported.

We have updated the manuscript.

3. Page 3, line 10: Which five procedures? We have updated the manuscript.

What this paper adds

4. Page 4, line 17: “no one to our knowledge has examined the association 

between a surgeon's specialization in a given procedure and patient outcomes” 

Please rephrase because “surgeons operative experience” is a common co-

variable in evaluating endpoints in surgical RCT. However, you are right for data 

outside of clinical trials.

We have updated the manuscript.

5. Page 4, line 39+41: Please name the “five” and “six” procedures. We have updated the manuscript.

Introduction

6. Page 5, line 43: Please rephrase; same concern as point 4. We have updated the manuscript.

7. Please state a concise research question beginning with “The objective of this 

study…” (STROBE Item 3)

We have updated the manuscript.

Methods

8. Page 6, line 32; Page 8, line 39: Please move information like ”We examined 

39,157,344 inpatient claims” and ”Our study cohort consisted of 695,987 

patients operated on by 25,152 surgeons” to the results section.

We have updated the manuscript.



9. Please add an analysis of absolute risk reduction and number needed to treat (I 

assume you would use the values of Figure 1). A more specialised surgeon has a 

value through his education and you should consider this value by analysing the 

number needed to treat. This would perfectly fit to your part of the discussion 

(Page 11, line 46)

We have updated the methods, results, and discussion appropriately to reflect 

this comment.

10. Did you perform a sensitivity analysis tanking the grade of specialization as a 

continuous value. If yes, was there a cut-off value for each of the eight 

procedures?

We have included this as a sensitivity analysis and elaborated in the 

discussion.

Results

11. Please introduce subheadings for readability We have updated the manuscript.

Discussion

12. Please use explicitly the term “external validity” or “generalisability” when 

discussing the limitations.

We have updated the manuscript.

13. Please add a paragraph what should be investigated next e.g. patient 

reported outcomes.

We have updated the manuscript.

Reviewer 3

1.      There is a really great insight here, some of which is slightly obscured by 

how the information in the manuscript is presented. I understand that this is a 

vague comment but a close re-read of the papers by the authors and assessment 

of what features of the text should be amplified and discarded would be useful.  

For example, on first reading the Methods, it was unclear to me whether the 

surgical volume that was being controlled for was total surgical volume (which 

made no sense) or the surgical volume for the case being considered (e.g., 

CABG). That, for instance, could be made clear.

We have updated the manuscript for readability.

2.      An alternative empirical approach could have been to include as 

independent variables the volume of the procedure being considered and volume 

of other procedures performed.  The coefficient on the first variable should be 

negative and the coefficient on the second variable should be positive. Was this 

sort of analysis also conducted? I am not a surgeon but I could suppose that 

someone procedures would have positive ‘spillovers’ on the index surgery (say, 

CABG) whereas other procedures would have negative ‘spillovers’ (i.e., doing too 

many of these types of procedures dilutes a surgeon’s skill for a given 

procedure). I don’t think this analysis is required for the manuscript unless the 

authors can think of some procedural breakdown where this hypothesis might 

make sense – it may not.

We agree this is an interesting question. We have included a citation of Rob 

Huckman's work which looks at this spillover effect and found a positive 

result. We have also included this in the discussion as an area of future 

research.

3.      Can you in 1-2 sentences explain how you assigned a surgeon in the 

Medicare claims? Does the data contain a field on the performing surgeon or do 

you assign based on pluralilty or majority of a E&M or Part B spending for a given 

surgical DRG.

We have clarified this in the manuscript by moving the attribution sentence 

from the study population section to the defining procedure volume and 

surgeon specialization section.

4.      In the Abstract, the authors mention controlling for the hospital where the 

surgery was performed. I believe, rather, that they included hospital random 

effects (plus an indicator for academic medical center), not hospital fixed effects, 

the interpretation of which would be different.

The reviewer is correct, and we had noted this in the methods. We have 

clarified this in the abstract as well.



5.       I’d suggest that the authors also spend a bit more time in the Discussion 

emphasizing other potential possibilities between specialization and mortality.  

The finding of the paper is that for several procedures, surgeons who are more 

specialized have lower mortality independent of surgical volume for a given 

procedure.  Among two surgeons who perform the same number of CABGs, the 

surgeon who also performs other procedures (i.e, who is less specialized) may 

have higher mortality for CABGs for two reasons: unobserved patient selection 

and unobserved physician characteristics that correlate with the decision not 

specialize.  From a policy perspective, the first issue is problematic but I think the 

authors show fairly convincing evidence that this is unlikely b/c patient 

characteristics are remarkably balanced between highly and less highly 

specialized surgeons.  Nonetheless, it is worthwhile commenting on what sorts of 

patient selection mechanisms could explain the negative association between 

surgeon specialization and mortality (for example, in a given hospital those 

surgeons who specialize only in CABG may perform surgeries on unobservably 

healthier patients because they are less skilled, and hence that is why they only 

perform CABGs vs CABG plus other procedures). Regarding the second issue, is 

this about ‘muscle memory’ or is that thoracic surgeons who perform both CABG 

and non-CABG surgeries are less skilled?  Could they be older (and at some point 

have worse outcomes), hence why they perform both types of surgeries? Could 

they have trained at a less specialized residency or fellowship where they were 

able to perform CABG and non-CABG surgeries and therefore became not 

particularly good at either?  These are just some thoughts to consider including in 

the discussion.

This is a terrific comment, and we have borrowed language from the reviewer 

and included it in the discussion.


