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ABSTRACT
Objective
To measure the association between a surgeon’s 
degree of specialization in a specific procedure and 
patient mortality.
Design
Retrospective analysis of Medicare data.
Setting
US patients aged 66 or older enrolled in traditional fee 
for service Medicare.
Participants
25 152 US surgeons who performed one of eight 
procedures (carotid endarterectomy, coronary artery 
bypass grafting, valve replacement, abdominal aortic 
aneurysm repair, lung resection, cystectomy, 
pancreatic resection, or esophagectomy) on 695 987 
patients in 2008-13.
Main outcome measure
Relative risk reduction in risk adjusted and volume 
adjusted 30 day operative mortality between surgeons 
in the bottom quarter and top quarter of surgeon 
specialization (defined as the number of times the 
surgeon performed the specific procedure divided by 
his/her total operative volume across all procedures).
Results
For all four cardiovascular procedures and two out of four 
cancer resections, a surgeon’s degree of specialization 
was a significant predictor of operative mortality 
independent of the number of times he or she performed 
that procedure: carotid endarterectomy (relative risk 
reduction between bottom and top quarter of surgeons 
28%, 95% confidence interval 0% to 48%); coronary 

artery bypass grafting (15%, 4% to 25%); valve 
replacement (46%, 37% to 53%); abdominal aortic 
aneurysm repair (42%, 29% to 53%); lung resection (28%, 
5% to 46%); and cystectomy (41%, 8% to 63%). In five 
procedures (carotid endarterectomy, valve replacement, 
lung resection, cystectomy, and esophagectomy), the 
relative risk reduction from surgeon specialization was 
greater than that from surgeon volume for that specific 
procedure. Furthermore, surgeon specialization 
accounted for 9% (coronary artery bypass grafting) to 
100% (cystectomy) of the relative risk reduction otherwise 
attributable to volume in that specific procedure.
Conclusion
For several common procedures, surgeon 
specialization was an important predictor of operative 
mortality independent of volume in that specific 
procedure. When selecting a surgeon, patients, 
referring physicians, and administrators assigning 
operative workload may want to consider a surgeon’s 
procedure specific volume as well as the degree to 
which a surgeon specializes in that procedure.

Introduction
Hundreds of studies have shown that surgeons with 
higher volumes have better outcomes across a variety of 
procedures.1-6  Researchers have identified several fac-
tors contributing to this association, including experi-
ence and technical skill.7-10 The ease of measuring this 
volume-outcomes relation, coupled with the strength of 
the association, makes it a powerful way to ascertain 
surgeons’ quality.

At the same time, the degree to which a surgeon spe-
cializes in a specific procedure may be as important as 
the number of times that he or she performs it.11-14  A sur-
geon who specializes in one operation may have better 
outcomes owing to muscle memory built from repetition, 
higher attention and faster recall as a result of less 
switching between different procedures, and knowledge 
transfer of outcomes for the same procedure performed 
in different patients.8 15-18 If this specialization hypothesis 
holds true, a surgeon performing 20 procedures of which 
all 20 are valve replacements (denoting 100% specializa-
tion in the procedure) would have lower operative mor-
tality rates than a surgeon who performs 100 operations 
of which 40 are valve replacements (denoting 40% spe-
cialization in the procedure). In contrast, the vol-
ume-outcomes hypothesis would suggest that selecting 
the surgeon who performs 40 valve replacements would 
lead to superior outcomes for patients. To the best of our 
knowledge, no study has described a statistical associa-
tion between a surgeon’s degree of specialization in a 
specific procedure and patients’ mortality.

Our objective was to test the hypothesis of a specializa-
tion-outcomes relation independent of a surgeon’s 

What is already known on this topic
Cohort studies and systematic reviews have shown that surgeons with higher volumes 
have better outcomes across a variety of procedures up to a certain threshold
In other sectors such as airlines, banking, and automobile assembly, specialization 
has been shown to have a positive association with outcomes
Previous work has looked at the relation between outcomes and self reported 
specialty or board certification but not the association between a surgeon’s degree 
of specialization in a specific procedure and mortality

What this study adds
A statistically significant relative risk reduction in operative mortality was observed 
between the bottom and top quarters of surgeon specialization for six procedures
The relative risk reduction in operative mortality due to surgeon specialization was 
greater than that due to procedure specific volume for five procedures
The specialization-outcomes relation accounted for some portion, if not all, of the 
volume-outcomes relation
The observed specialization-outcomes relation suggests a new, easily measured 
metric of surgeons’ quality that builds on the volume-outcomes relation to inform 
the way healthcare is organized and delivered
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volume in that specific procedure. We looked at the same 
eight procedures originally studied for the volume-out-
comes relation—carotid endarterectomy, coronary artery 
bypass grafting, valve replacement, abdominal aortic 
aneurysm repair, lung resection, cystectomy, pancreatic 
resection, and esophagectomy—to estimate the special-
ization-outcomes relation.1  We determined surgeons’ 
specialization by using US Medicare data rather than a 
surgeon’s self reported specialty or board certifica-
tion.6 9 19 For each procedure, we compared risk adjusted 
30 day mortality between surgeons who performed the 
same volume of the specific procedure but varied in the 
degree of specialization in that procedure.

Methods
We examined all eight conditions that were studied by 
Birkmeyer et al: four cardiovascular procedures (carotid 
endarterectomy, coronary artery bypass grafting, valve 
replacement, and abdominal aortic aneurysm repair) 
and four cancer resections (lung resection, cystectomy, 
pancreatic resection, and esophagectomy).1 We identi-
fied all patients undergoing one of these procedures and 
the associated surgeons in the Medicare Inpatient file 
from 2008 to 2013, the latest year of data available to us 
at the time of this study.

Defining surgeons’ volume and specialization
For a given inpatient claim, we defined a procedure by 
using the ICD-9 (international classification of diseases, 
ninth revision) procedure code listed in the principal 
procedure field. We attributed each surgery to the sur-
geon listed in the operating physician field of the inpa-
tient claim. We defined “total operative volume” (v) as 
all procedures attributed to a surgeon and “procedure 
specific volume” (vj) as the number of cases attributed 
to a surgeon for the specific procedure being examined 
(see appendix for code list).1 2 We defined surgeon spe-
cialization (sj) as procedure specific volume divided by 
total operative volume across all procedures (sj=vj/v).

Using National Plan and Provider Enumeration Sys-
tem data, we identified each surgeon’s self reported spe-
cialty and included only surgeons in clinically 
appropriate specialties (see appendix for provider taxon-
omy codes).20 We also excluded surgeons with fewer than 
three consecutive years of available inpatient claims.

We divided surgeons into quarters based on their spe-
cialization. We also divided surgeons into quarters 
based on procedure specific volume and verified that a 
similar volume-outcomes relation existed in our data as 
in the original research (see appendix figure A1).1

Study population
We included patients aged 66 or older who were continu-
ously enrolled in traditional fee for service Medicare start-
ing 12 months before the admission month through four 
months after the index admission or death.21 We required 
that at least one year had passed before we identified a 
new procedure as a separate case for the same patient.

We further limited patients on the basis of specific 
diagnoses and other procedures performed (see appen-
dix for ICD-9 codes). To avoid potential adverse mortal-

ity effects due to delays in performing surgery, we 
limited patients to those with procedures performed 
within three days of admission.22 23 We used SAS version 
9.3 to build the study cohort.

Patients’ characteristics
For each patient, we compiled age, sex, and race data 
from the Medicare Master Beneficiary Summary file. 
Using the method developed by Krumholz et al, which 
mapped the 189 hierarchical condition categories 
developed by Pope et al for the Centers for Medicare and 
Medicaid Services (CMS) into 17 groups (cerebovascular 
disease, chronic liver disease, chronic obstructive pul-
monary disease, dementia, diabetes, dialysis, hyperten-
sion, major psychiatric disorder, metastatic cancer, 
paralysis, peripheral vascular disease, pneumonia, 
protein calorie malnutrition, renal failure disease, 
stroke, substance abuse, trauma), we measured the 
comorbidity profile for each patient based on all Medi-
care Provider Analysis and Review (MedPAR) claims 
occurring 365 days before the index hospital admission, 
not including the index hospital admission event.24 25  
For hospitals, we used hospital listings in the 2010 Dart-
mouth Atlas to identify academic medical centers.26

Analysis and outcome measures
The outcome variable of interest was death occurring 
within 30 days of the initial hospital admission date. We 
used a multilevel mixed logit model to examine the spe-
cialization-outcomes relation. We controlled for age, sex, 
race, year of surgery, comorbidity profile, day of the 
week, procedure type (see appendix for details on group-
ings), days between admission and surgery, and whether 
the hospital was an academic medical center. We 
included surgeon random effects to account for unob-
served characteristics of surgeons, such as a surgeon’s 
technical skill or the experience of the surgeon, as well as 
repeated observations for the same surgeon. We also con-
trolled for procedure specific volume in quarters.

We included hospital random effects to account for 
hospital specific factors, such as staffing ratios, the hos-
pital’s financial health, and electronic health record 
systems, that may mediate the relation between special-
ization and mortality. Including these effects allowed us 
to interpret the estimated relation between surgeons’ 
specialization and outcomes as the opportunity to 
improve mortality through superior matching of 
patients to surgeons within a hospital, as opposed to 
matching patients to surgeons in different hospitals. We 
converted odds ratios to relative risks by using standard 
methods as developed by Zhang and Yu and specified 
for Stata by Cummings.27 28 We estimated the relative 
risk reduction from greater specialization as the 
difference in mortality between an average surgeon in 
the bottom quarter versus top quarter of surgeon spe-
cialization. We also estimated the absolute risk reduc-
tion and the number needed to treat (NNT).

Sensitivity analysis
We estimated a second set of regressions with surgeons’ 
specialization and procedure specific volume as 
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continuous rather than ordinal variables. This specifica-
tion has the benefits of estimating only one coefficient 
for surgeon specialization and being less subject to 
small sample sizes, but it is more restrictive than the 
specification with indicator variables for the degree of 
specialization. We used Stata 14 for all analyses and 
regressions.

Patient involvement
Our interest in this study was driven by finding ways to 
improve outcomes for surgical patients. Following 
previous research, we chose our main measure of 30 
day mortality to focus on a patient’s survival after sur-
gery.1 6  Countries such as the United States and United 
Kingdom have also begun to report this measure so that 
patients can assess surgeons’ quality.29 30 No patients 
were involved in the design of this study.

Results
Descriptive statistics
We examined 39 157 344 Medicare fee for service inpa-
tient claims between 2008 and 2013. Our study cohort 
consisted of 695 987 patients operated on by 25 152 sur-
geons. Tables 1 and 2 summarize the characteristics of 
surgeons and patients for each of the eight procedures 
arranged by surgeon specialization. For most of the pro-
cedures, we found no clinically important association 
between surgeons’ specialization and patients’ age, sex, 
race, or comorbidity profile (see appendix for details on 
comorbidities). Average surgeon specialization for a pro-
cedure ranged from 6% for esophagectomy to 40% for 
coronary artery bypass grafting. Within a procedure, the 
difference in specialization among the least specialized 
and most specialized surgeons ranged from 43 percent-
age points (0.1-43%) for esophagectomy to 94 percentage 
points (0.1-94%) for coronary artery bypass grafting.

By definition, surgeons’ specialization might increase 
as a result of greater procedure specific volume (numer-
ator) or lesser total operative volume across all proce-
dures (denominator). In certain procedures, such as 
abdominal aortic aneurysm repair and cystectomy, 
increased surgeon specialization was associated with 
greater procedure specific volume and relatively stable 
total operative volume. For other procedures, such as 
coronary artery bypass grafting and esophagectomy, we 
observed similar trends in procedure specific volume 
but also lesser total operative volume. A greater percent-
age of procedures were performed at academic medical 
centers in the higher compared with lower quarters of 
surgeon specialization for all procedures except carotid 
endarterectomy and coronary artery bypass grafting.

Tables 3 and 4 illustrate the extent to which a sur-
geon’s degree of specialization was related to the num-
ber of times he or she performed that specific procedure. 
Overall, we found that surgeons in the top quarter of 
procedure specific volume varied in their specialization 
in the same procedure. For example, for carotid endar-
terectomy nearly two thirds of surgeons in the top quar-
ter of procedure specific volume were also in the top 
quarter of surgeon specialization, but for coronary 
artery bypass grafting less than 50% of surgeons in the 

top quarter of procedure specific volume were in the top 
quarter of surgeon specialization.

Relative risk reduction by quarters
We observed a statistically significant reduction in risk 
adjusted 30 day operative mortality between the bottom 
and top quarters of surgeon specialization for all four 
cardiovascular procedures and two of the four cancer 
resections independent of procedure specific volume 
(fig 1 ). Among the four cardiovascular procedures, the 
relative risk reduction in mortality from greater special-
ization ranged from 15% for coronary artery bypass 
grafting to 46% for valve replacement (table 5). Among 
the four cancer resections, the relative risk reduction in 
mortality ranged from 28% for lung resection to 48% for 
esophagectomy. Among the six procedures for which 
we found a statistically significant relative risk reduc-
tion, the absolute risk reduction ranged from 0.3% 
(NNT=334 patients) for carotid endarterectomy to 2.8% 
(NNT=36 patients) for abdominal aortic aneurysm 
repair. For the two cancer resections (pancreatic resec-
tion and esophagectomy) for which we did not find a 
statistically significant effect, the numbers of patients 
sampled were the smallest among all eight procedures 
reviewed (less than 11 000 patients for each procedure).

Specialization-outcomes relation versus volume-
outcomes relation
Because we included procedure-specific volume in our 
regressions, we were able to estimate the relative risk 
reduction in mortality as a result of selecting a surgeon in 
the top quarter of surgeon specialization compared with a 
surgeon in the top quarter of procedure specific volume. 
For two of the four cardiovascular procedures (carotid 
endarterectomy and valve replacement) and three of the 
four cancer resections (lung resection, cystectomy, and 
esophagectomy), we observed a greater relative risk reduc-
tion due to surgeon specialization than due to procedure 
specific volume (see appendix for full regression results).

To estimate the role of surgeon specialization on the 
volume-outcomes relation, we estimated the relative 
risk reduction between the bottom and top quarters of 
procedure specific volume with and without accounting 
for surgeon specialization (table 6). When we excluded 
surgeon specialization from the model, we found a sta-
tistically significant association between procedure 
specific volume and mortality for all four cardiovascu-
lar procedures and for two of the four cancer resections 
(lung resection and pancreatic resection). When 
we  included surgeon specialization, the observed 
volume-outcomes relation decreased from 9% for coro-
nary artery bypass grafting up to 100% for cystectomy.

Sensitivity analysis
We ran a second version of the regressions with surgeon 
specialization and procedure specific volume as contin-
uous variables. For all four cardiovascular procedures 
and two of the four cancer resections (lung resection 
and esophagectomy), we observed a statistically signif-
icant association between surgeon specialization and 
mortality (see appendix for full results). For carotid 
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Table 1 | Characteristics of surgeons and patients by quarter of surgeon specialization: cardiovascular procedures

Characteristics All patients
Quarter of specialization
Bottom Second Third Top

Carotid endarterectomy
Surgeons:
  No (%) 5505 (100) 1377 (25.0) 1376 (25.0) 1377 (25.0) 1375 (25.0)
  Average % specialization (range) 19.2 (0.1-80.8) 2.7 (0.1-4.3) 7.3 (4.3-9.6) 13.1 (9.6-16.5) 26.4 (16.5-80.8)
  Carotid endarterectomy volume* 20.8 2.4 7.3 14.4 28.6
  Total operative volume* 107.1 88.2 99.4 109.6 109.0
Patients:
  No (%) 183 792 (100) 6546 (3.6) 24 313 (13.2) 53 001 (28.8) 99 932 (54.4)
  Age, years 75.9 75.6 75.8 75.7 76.0
  No (%) female 78 748 (42.8) 2788 (42.6) 10 423 (42.9) 22 659 (42.8) 42 878 (42.9)
  No (%) white 173 771 (94.5) 5926 (90.5) 22 434 (92.3) 49  873 (94.1) 95 538 (95.6)
  No of comorbidities† 1.13 1.29 1.22 1.17 1.07
  No (%) performed at AMC 11 302 (6.1) 491 (7.5) 2182 (9.0) 3427 (6.5) 5202 (5.2)
Coronary artery bypass grafting
Surgeons:
  No (%) 2745 (100) 687 (25.0) 694 (25.3) 678 (24.7) 686 (25.0)
  Average % specialization (range) 40.0 (0.1-93.9) 16.4 (0.1-21.9) 27.9 (22.0-33.3) 39.3 (33.4-45.3) 56.3 (45.3-93.9)
  Coronary artery bypass grafting volume* 38.5 19.9 32.3 40.0 47.2
  Total operative volume* 101.5 119.2 116.5 101.9 85.2
Patients:
  No (%) 170 803 (100) 17 847 (10.4) 41 996 (24.6) 51 801 (30.3) 59 159 (34.6)
  Age, years 73.9 73.9 73.8 73.9 73.8
  No (%) female 50 246 (29.4) 5219 (29.2) 12 147 (28.9) 15 112 (29.2) 17 768 (30.0)
  No (%) white 157 121 (92.0) 16 153 (90.5) 38 516 (91.7) 48 118 (92.9) 54 334 (91.8)
  No of comorbidities† 0.75 0.80 0.76 0.74 0.74
  No (%) performed at AMC 16 150 (9.5) 3002 (16.8) 4159 (9.9) 4151 (8.0) 4838 (8.2)
Valve replacement
Surgeons:
  No (%) 2627 (100) 657 (25.0) 657 (25.0) 658 (25.0) 655 (24.9)
  Average % specialization (range) 35.5 (0.1-92.6) 6.7 (0.1-9.5) 13.9 (9.5-17.8) 23.9 (17.8-30.0) 50.4 (30.0-92.6)
  Valve replacement volume* 37.0 8.0 15.5 22.6 53.1
  Total operative volume* 103.5 117.4 111.8 95.3 103.4
Patients:
  No (%) 135 118 (100) 7557 (5.6) 21 240 (15.7) 34 106 (25.2) 72 215 (53.4)
  Age, years 76.3 75.4 75.7 76.2 76.6
  No (%) female 57 837 (42.8) 3205 (42.4) 9234 (43.5) 14 482 (42.5) 30 916 (42.8)
  No (%) white 127 955 (94.7) 7003 (92.7) 19 885 (93.6) 32 288 (94.7) 68 779 (95.2)
  No of comorbidities† 0.81 0.92 0.83 0.81 0.79
  No (%) performed at AMC 29 089 (21.5) 273 (3.6) 937 (4.4) 2440 (7.2) 25 439 (35.2)
Abdominal aortic aneurysm repair
Surgeons:
  No (%) 4679 (100) 1170 (25.0) 1176 (25.1) 1164 (24.9) 1169 (25.0)
  Average % specialization (range) 11.1 (0.1-66.7) 0.9 (0.1-1.6) 3.3 (1.6-4.5) 6.9 (4.6-9.0) 15.7 (9.0-66.7)
  Abdominal aortic aneurysm repair volume* 10.9 0.9 3.6 7.2 15.1
  Total operative volume* 102.7 97.6 110.8 105.7 99.6
Patients:
  No (%) 88 365 (100) 2734 (3.1) 11 527 (13.0) 25 020 (28.3) 49 084 (55.5)
  Age, years 76.5 76.2 76.4 76.5 76.5
  No (%) female 20 166 (22.8) 746 (27.3) 2771 (24.0) 5729 (22.9) 10 920 (22.2)
  No (%) white 83 265 (94.2) 2510 (91.8) 10 581 (91.8) 23 536 (94.1) 46 638 (95.0)
  No of comorbidities† 0.98 0.97 1.05 1.01 0.95
  No (%) performed at AMC 12 143 (13.7) 76 (2.8) 547 (4.7) 1433 (5.7) 10 087 (20.6)
Surgeons were into four groups of equal size based on procedure specific volume and surgeon specialization. Procedure was defined as ICD-9 procedure code listed in principal procedure field. 
Procedure specific volume was defined as number of cases attributed to surgeon for specific procedure and total operative volume as all procedures attributed to surgeon. Surgeon 
specialization was defined as procedure specific volume divided by total operative volume across all procedures. Numbers may not add up to 100% owing to rounding.
AMC=academic medical center.
*All surgeon volume numbers reported per annum.
†Number of comorbidities as mapped by Krumholz et al from 189 hierarchical condition categories developed by Pope et al for Centers for Medicare and Medicaid Services into 17 groups.24 25
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Table 2 | Characteristics of surgeons and patients by quarter of surgeon specialization: cancer resections

Characteristics All patients
Quarter of specialization
Bottom Second Third Top

Lung resection
Surgeons:
  No (%) 3616 (100) 904 (25.0) 905 (25.0) 906 (25.1) 901 (24.9)
  Average % specialization (range) 28.6 (0.1-89.1) 1.5 (0.1-2.5) 4.5 (2.5-6.2) 10.4 (6.3-15.0) 41.0 (15.1-89.1)
  Lung resection volume* 23.4 1.6 5.1 10.4 32.6
  Total operative volume* 89.5 102.9 113.2 101.1 80.3
Patients:
  No (%) 85 966 (100) 2548 (3.0) 9067 (10.5) 20 725 (24.1) 53 626 (62.4)
  Age, years 74.3 74.4 74.1 74.2 74.3
  No (%) female 43 102 (50.1) 1191 (46.7) 4341 (47.9) 10 057 (48.5) 27 513 (51.3)
  No (%) white 79 315 (92.3) 2368 (92.9) 8319 (91.8) 19 191 (92.6) 49 437 (92.2)
  No of comorbidities† 0.98 1.16 1.10 1.03 0.93
  No (%) performed at AMC 16 034 (18.7) 70 (2.7) 116 (1.3) 478 (2.3) 15 370 (28.7)
Cystectomy
Surgeons:
  No (%) 3319 (100) 835 (25.2) 830 (25.0) 826 (24.9) 828 (24.9)
  Average % specialization (range) 16.2 (0.2-72.9) 1.0 (0.2-1.5) 2.2 (1.5-2.9) 4.1 (2.9-5.4) 23.0 (5.4-72.9)
  Cystectomy volume* 7.1 0.4 0.8 1.3 10.2
  Total operative volume* 40.2 37.3 35.1 33.0 43.1
Patients:
  No (%) 18 438 (100) 1153 (6.3) 1910 (10.4) 3182 (17.3) 12 193 (66.1)
  Age, years 75.4 75.9 75.7 75.9 75.2
  No (%) female 3578 (19.4) 283 (24.5) 443 (23.2) 647 (20.3) 2205 (18.1)
  No (%) white 17 257 (93.6) 1068 (92.6) 1781 (93.2) 2957 (92.9) 11 451 (93.9)
  No of comorbidities† 0.91 1.00 0.99 0.90 0.90
  No (%) performed at AMC 5887 (31.9) 75 (6.5) 110 (5.8) 250 (7.9) 5452 (44.7)
Pancreatic resection
Surgeons:
  No (%) 1612 (100) 403 (25.0) 404 (25.1) 404 (25.1) 401 (24.9)
  Average % specialization (range) 21.9 (0.1-69.8) 0.4 (0.1-0.7) 1.4 (0.7-2.2) 5.0 (2.2-8.3) 28.9 (8.4-69.8)
  Pancreatic resection volume* 11.5 0.3 0.9 2.7 15.1
  Total operative volume* 54.2 76.3 66.1 54.5 51.6
Patients:
  No (%) 10 191 (100) 455 (4.5) 720 (7.1) 1629 (16.0) 7387 (72.5)
  Age, years 74.4 74.6 74.9 74.3 74.4
  No (%) female 5159 (50.6) 227 (49.9) 360 (50.0) 864 (53.0) 3708 (50.2)
  No (%) white 9173 (90.0) 403 (88.6) 644 (89.4) 1421 (87.2) 6705 (90.8)
  No of comorbidities† 1.26 1.14 1.16 1.28 1.28
  No (%) performed at AMC 4443 (43.6) 16 (3.5) 60 (8.3) 235 (14.4) 4132 (55.9)
Esophagectomy
Surgeons:
  No (%) 1049 (100) 263 (25.1) 262 (25.0) 262 (25.0) 262 (25.0)
  Average % specialization (range) 6.3 (0.1-43.4) 0.4 (0.1-0.6) 1.1 (0.6-1.6) 2.6 (1.6-3.7) 10.1 (3.8-43.4)
  Esophagectomy volume* 3.9 0.4 0.9 1.9 6.0
  Total operative volume* 73.5 101.0 82.9 73.5 66.5
Patients:
  No (%) 3314 (100) 296 (8.9) 465 (14.0) 732 (22.1) 1821 (54.9)
  Age, years 72.9 72.6 72.8 72.8 72.9
  No (%) female 663 (20.0) 53 (17.9) 103 (22.2) 128 (17.5) 379 (20.8)
  No (%) white 3128 (94.4) 275 (92.9) 435 (93.5) 691 (94.4) 1727 (94.8)
  No of comorbidities† 1.23 1.25 1.34 1.36 1.15
  No (%) performed at AMC 1278 (38.6) 10 (3.4) 53 (11.4) 184 (25.1) 1031 (56.6)
Surgeons were into four groups of equal size based on procedure specific volume and surgeon specialization. Procedure was defined as ICD-9 procedure 
code listed in principal procedure field. Procedure specific volume was defined as number of cases attributed to surgeon for specific procedure and total 
operative volume as all procedures attributed to surgeon. Surgeon specialization was defined as procedure specific volume divided by total operative 
volume across all procedures. Numbers may not add up to 100% owing to rounding.
AMC=academic medical center.
*All surgeon volume numbers reported per annum.
†Number of comorbidities as mapped by Krumholz et al from 189 hierarchical condition categories developed by Pope et al for Centers for Medicare and 
Medicaid Services into 17 groups.24 25
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Table 3 | Distribution of surgeons by quarter of surgeon specialization: cardiovascular procedures

Quarter of surgeon specialization Mean, %
Quarter of procedure specific volume, No (%)
Bottom Second Third Top

Carotid endarterectomy (n=5505 surgeons)
Bottom 2.7 1054 (73) 298 (22 25 (2) 0 (0)
Second 7.3 265 (18) 623 (46) 435 (32) 53 (4)
Third 13.1 64 (4) 283 (21) 593 (44) 437 (32)
Top 26.4 54 (4) 145 (11) 293 (22) 883 (64)
Total – 1437 (100) 1349 (100) 1346 (100) 1373 (100)
Coronary artery bypass grafting (n=2745 surgeons)
Bottom 16.4 390 (57) 202 (29) 77 (11) 18 (3)
Second 27.9 129 (19) 213 (31) 219 (32) 133 (20)
Third 39.3 93 (14) 155 (23) 204 (30) 226 (33)
Top 56.3 76 (11) 118 (17) 189 (27) 303 (45)
Total – 688 (100) 688 (100) 689 (100) 680 (100)
Valve replacement (n=2627 surgeons)
Bottom 6.7 438 (66) 175 (26) 40 (6) 4 (1)
Second 13.9 122 (18) 273 (41) 217 (34) 45 (7)
Third 23.9 69 (10) 151 (23) 260 (40) 178 (27)
Top 50.4 31 (5) 70 (10) 129 (20) 425 (65)
Total – 660 (100) 669 (100) 646 (100) 652 (100)
Abdominal aortic aneurysm repair (n=4679 surgeons)
Bottom 0.9 919 (76) 246 (21) 5 (0) 0 (0)
Second 3.3 191 (16) 573 (48) 367 (32) 45 (4)
Third 6.9 47 (4) 264 (22) 501 (44) 352 (31)
Top 15.7 45 (4) 105 (9) 271 (24) 748 (65)
Total – 1202 (100) 1188 (100) 1144 (100) 1145 (100)
Surgeons were divided into four groups of equal size based on procedure specific volume and surgeon specialization. Procedure was defined asICD-9 procedure code listed in principal 
procedure field. Procedure specific volume was defined as number of cases attributed to surgeon for specific procedure and total operative volume as all procedures attributed to a surgeon. 
Surgeon specialization was defined as procedure specific volume divided by total operative volume across all procedures. Numbers may not add up to 100% owing to rounding.

Table 4 | Distribution of surgeons by quarter of surgeon specialization: cancer resection

Quarter of surgeon specialization Mean, %
Quarter of procedure specific volume, No (%)
Bottom Second Third Top

Lung resection (n=3616 surgeons)
Bottom 1.5 730 (74) 165 (20) 9 (1) 0 (0)
Second 4.5 183 (19) 435 (52) 262 (29) 25 (3)
Third 10.4 54 (5) 174 (21) 429 (48) 249 (28)
Top 41.0 22 (2) 65 (8) 198 (22) 616 (69)
Total 989 (100) 839 (100) 898 (100) 890 (100)
Cystectomy (n=3319 surgeons)
Bottom 1.0 691 (57) 121 (17) 18 (3) 5 (1)
Second 2.2 349 (29) 297 (42) 142 (24) 42 (5)
Third 4.1 128 (11) 224 (32) 281 (48) 193 (24)
Top 23.0 51 (4) 62 (9) 141 (24) 574 (71)
Total 1219 (100) 704 (100) 582 (100) 814 (100)
Pancreatic resection (n=1612 surgeons)
Bottom 0.4 347 (68) 52 (15) 4 (1) 0 (0)
Second 1.4 136 (27) 181 (53) 85 (24) 2 (1)
Third 5.0 26 (5) 95 (28) 209 (58) 74 (19)
Top 28.9 3 (1) 14 (4) 63 (17) 321 (81)
Total 512 (100) 342 (100) 361 (100) 397 (100)
Esophagectomy (n=1049 surgeons)
Bottom 0.4 204 (70) 54 (20) 5 (2) 0 (0)
Second 1.1 69 (24) 129 (47) 62 (25) 2 (1)
Third 2.6 13 (4) 75 (27) 120 (48) 54 (23)
Top 10.1 4 (1) 16 (6) 64 (25) 178 (76)
Total 290 (100) 274 (100) 251 (100) 234 (100)
Surgeons were divided into four groups of equal size based on procedure specific volume and surgeon specialization. Procedure was defined asICD-9 
procedure code listed in principal procedure field. Procedure specific volume was defined as number of cases attributed to surgeon for specific 
procedure and total operative volume as all procedures attributed to a surgeon. Surgeon specialization was defined as procedure specific volume 
divided by total operative volume across all procedures. Numbers may not add up to 100% owing to rounding.
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endarterectomy and abdominal aortic aneurysm repair, 
we also observed a statistically significant association 
between procedure specific volume and mortality.

Discussion
Our objective in this study was to quantify a possible asso-
ciation between a surgeon’s degree of specialization in a 
specific procedure and patients’ mortality. For six of the 
eight procedures examined (carotid endarterectomy, 
coronary artery bypass grafting, valve replacement, abdom-
inal aortic aneurysm repair, lung resection, and cystec-
tomy), we found surgeon specialization to be an important 

predictor of mortality. Given the well documented vol-
ume-outcomes relation in healthcare, we also controlled for 
the number of times the surgeon performed the specific 
procedure. Our results showed that the observed 
specialization-outcomes relation was independent of the 
surgeon’s volume in that specific procedure.

The volume-outcomes relation is generally attributed 
to “learning by doing,” which shows diminishing 
returns after a certain level of “doing.” We found a sim-
ilar result for certain procedures such as abdominal 
aortic aneurysm repair, suggesting some minimal cut-
off threshold of surgeon specialization. However, for 
procedures such as valve replacement, our results 
showed a linear trend from the bottom to top quarter of 
surgeon specialization, suggesting the absence of 
diminishing returns from specialization.

Furthermore, for five procedures (carotid endarterec-
tomy, valve replacement, lung resection, cystectomy, 
and esophagectomy), the relative risk reduction in mor-
tality from selecting a surgeon in the top quarter of sur-
geon specialization was greater than that from selecting 
a surgeon in the top quarter of procedure specific vol-
ume. Additionally, surgeon specialization accounted 
for at least some portion (if not all) of the observed vol-
ume-outcomes relation.

Several factors may explain the observed association 
between specialization and outcomes. Repetition of tasks 
has been shown to improve mortality and could be mani-
fested in surgeons as muscle memory and dexterity.8 15  
Greater familiarity with a medical device and its compo-
nents has also been associated with better survival rates.18  
Reduced mortality has been linked to performance of the 
same procedure under varying patient related circum-
stances, allowing a surgeon to transfer relevant knowl-
edge and skills between patients. Furthermore, focusing 
on a single procedure reduces the cognitive demands of 
switching tasks.8 11 17 These potential mechanisms might 
result from both greater volume for a specific procedure 
(for example, task repetition) and from less total opera-
tive volume across all procedures (for example, academic 
research). We did not explore these mechanisms, as this 
was beyond the scope of this paper.

Strengths and limitations of study
Our study should be interpreted in the context of its lim-
itations. One potential limitation may be unobserved 
choices by surgeons in selecting patients. For example, in 
a given hospital, a surgeon who specializes in only coro-
nary artery bypass grafts may be performing these surger-
ies on unobservably healthier patients because he or she 
is less skilled than a colleague who also performs other 
procedures. However, given the relative comparability of 
patients’ characteristics between quarters of surgeon spe-
cialization, this explanation is unlikely to be true.

A second limitation may be unobserved characteris-
tics of surgeons, such as a surgeon’s technical skill, the 
age and experience of the surgeon, or a less specialized 
surgical training program from which the surgeon did 
not become particularly skilled in a specific procedure. 
We attempted to account for these factors by including 
surgeon random effects.
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Fig 1 | Risk adjusted and volume adjusted 30 day operative mortality rate by quarter of 
surgeon specialization. Mortality was defined as rate of death occurring within 30 days of 
initial hospital admission date. Surgeons were divided into four groups of equal size based on 
procedure specific volume and surgeon specialization. Procedure was defined as ICD-9 
procedure code listed in principal procedure field. Procedure specific volume was defined as 
number of cases attributed to surgeon for specific procedure and total operative volume as all 
procedures attributed to surgeon. Surgeon specialization was defined as procedure specific 
volume divided by total operative volume across all procedures. Multilevel mixed logit 
regression was run, controlled for procedure specific volume; hospital where procedure was 
performed; age, sex, and race of patient; year of surgery; comorbidity profile; day of week; 
procedure type; days between admission and surgery; and whether hospital was academic 
medical center. P values were estimated to test for difference between bottom and top 
quarters within surgeon specialization. Average surgeon specialization for bottom/second/
third/top quarter by procedure was: carotid endarterectomy 2.7%/7.3%/13.1%/26.4%; 
coronary artery bypass grafting 16.4%/27.9%/39.3%/56.3%; valve replacement 
6.7%/13.9%/23.9%/50.4%; abdominal aortic aneurysm repair 0.9%/3.3%/6.9%/15.7%; 
lung resection 1.5%/4.5%/10.4%/41.0%; cystectomy 1.0%/2.2%/4.1%/23.0%; pancreatic 
resection 0.4%/1.4%/5.0%/28.9%; and esophagectomy 0.4%/1.1%/2.6%/10.1%
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Other limitations relate to the data involved. We gen-
erated our results on the basis of only the Medicare fee 
for service population. Although using these data guar-
antees that all patients were similarly insured and 
enabled us to measure outcomes effectively, we cannot 
factor in non-Medicare cases to measure total operative 
volume, procedure specific volume, and surgeon spe-
cialization, and nor can we account for the surgery 
team. We attempted to account for this discrepancy by 
using hospital random effects, which accounted for dif-
ferences in payer mix across hospitals but not those 
across physicians. The restrictions of claims data, 
including unmeasured case mix differences and inaccu-
rate coding, also limited our study. These limitations 
are also present in the volume-outcomes literature.

Areas for further study
Several aspects of these results warrant further study. 
We examined eight procedures; additional results for 

other procedures would be valuable to determine exter-
nal validity. Further studies could examine whether 
spillover effects exist from specializing in similar 
surgeries to the specified procedure, the effect of team 
continuity and specialization, and the relation to mor-
bidity metrics and episode costs.16 31 Furthermore, the 
balance of surgeon specialization and department spe-
cialization could be studied to determine optimal surgi-
cal case distribution to maximize outcomes for patients. 
Finally, specialization could be examined in non-surgi-
cal settings, such as the degree of a primary care physi-
cian’s panel of patients with a specific chronic condition.

Conclusion and policy implications
Our findings may have implications for policy makers, 
administrators, physicians, and patients, especially as 
surgeons’ specialization is measurable using data avail-
able to health systems. Policy makers considering how to 
improve the quality of rural or smaller hospitals in which 

Table 5 | Relative risk reduction in 30 day operative mortality from surgeon specialization and procedure specific volume

Procedure

Comparison between bottom and top 
quarter of surgeon specialization

Comparison between bottom and top 
quarter of procedure specific volume

No of 
patients

Relative risk reduction 
in mortality, % (95% CI) P value

Relative risk reduction in 
mortality, % (95% CI) P value

Cardiovascular procedures
Carotid endarterectomy 28 (0 to 48) 0.05 18 (−19 to 44) 0.30 183 792
Coronary artery bypass grafting 15 (4 to 25) 0.01 35 (24 to 44) <0.001 170 803
Valve replacement 46 (37 to 53) <0.001 22 (7 to 34) 0.006 135 118
Abdominal aortic aneurysm repair 42 (29 to 53) <0.001 74 (68 to 79) <0.001 88 365
Cancer resections
Lung resection 28 (5 to 46) 0.02 4 (−32 to 30) 0.80 85 966
Cystectomy 41 (8 to 63) 0.02 −16 (−72 to 23) 0.48 18 438
Pancreatic resection 29 (−52 to 68) 0.38 39 (−22 to 70) 0.16 10 191
Esophagectomy 48 (−17 to 77) 0.12 −77 (−261 to 20) 0.15 3314
Mortality was defined as rate of death occurring within 30 days of initial hospital admission date. Surgeons were divided into four groups of equal size based 
on procedure specific volume and surgeon specialization. Procedure was defined asICD-9 procedure code listed in principal procedure field. Procedure 
specific volume was defined as number of cases attributed to surgeon for specific procedure and total operative volume as all procedures attributed to a 
surgeon. Surgeon specialization was defined as procedure specific volume divided by total operative volume across all procedures. Multilevel mixed logit 
regression was run, controlled for procedure specific volume; hospital where procedure was performed; age, sex, and race of patient; year of surgery; 
comorbidity profile; day of week; procedure type; days between admission and surgery; and whether hospital was academic medical center. P values were 
estimated to test for difference between bottom and top quarters within surgeon specialization and procedure specific volume.

Table 6 | Volume-outcomes relation accounted for by surgeon specialization

Procedure

Relative risk reduction between bottom andtop quarters 
of procedure volume, % (95% CI)

Percentage of 
volume-outcomes 
relation accounted 
for by surgeon 
specialization

Regression: procedure 
specific volume only

Regression: procedure 
specific volume and 
surgeon specialization

Cardiovascular procedures
Carotid endarterectomy 34 (12 to 51) 18 (−19 to 44) 47
Coronary artery bypass grafting 38 (28 to 47) 35 (24 to 44) 9
Valve replacement 46 (38 to 54) 22 (7 to 34) 53
Abdominal aortic aneurysm repair 82 (80 to 85) 74 (68 to 79) 11
Cancer resections
Lung resection 24 (5 to 40) 4 (−32 to 30) 84
Cystectomy 18 (−10 to 39) −16 (−72 to 23) 100
Pancreatic resection 56 (35 to 71) 39 (−22 to 70) 30
Esophagectomy −8 (−83 to 37) −77 (−261 to 20) --
Mortality was defined as rate of death occurring within 30 days of initial hospital admission date. Surgeons were divided into four groups of equal size based 
on procedure specific volume and surgeon specialization. Procedure was defined asICD-9 procedure code listed in principal procedure field. Procedure 
specific volume was defined as number of cases attributed to surgeon for specific procedure and total operative volume as all procedures attributed to a 
surgeon. Surgeon specialization was defined as procedure specific volume divided by total operative volume across all procedures. Multilevel mixed logit 
regression was run, controlled for procedure specific volume; hospital where procedure was performed; age, sex, and race of patient; year of surgery; 
comorbidity profile; day of week; procedure type; days between admission and surgery; and whether hospital was academic medical center. P values were 
estimated to test for difference between bottom and top quarters within surgeon specialization and procedure specific volume.
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surgeons cannot meet minimal volume thresholds could 
use surgeon specialization to assign patients to surgeons. 
At larger facilities, administrators determining case dis-
tribution across surgeons might consider not only a given 
surgeon’s volume in that procedure but also his or her 
degree of specialization. A physician might use a mea-
sure of surgeon specialization to refer his or her patient to 
the most appropriate surgeon, possibly improving 
patients’ outcomes.32 Finally, if these data are made 
available to a patient, he or she could choose a surgeon 
who specializes in the relevant procedure to possibly 
improve his or her chance of survival. We have been care-
ful not to suggest that surgeons should specialize more, 
as that would require establishment of a causal relation. 
In all of our examples, surgeons’ specialization is used as 
a surrogate for surgeons’ quality, much like procedure 
specific volume is used as a proxy for surgeons’ quality. 
Whether the degree of specialization causally improves 
surgical quality remains a topic for future work.
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