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Using Patient Outcomes to Evaluate General Surgery
Residency Program Performance
Neha Bansal, MD; Kristina D. Simmons, PhD; Andrew J. Epstein, PhD, MPP; Jon B. Morris, MD; Rachel R. Kelz, MD, MSCE

IMPORTANCE To evaluate and financially reward general surgery residency programs based
on performance, performance must first be defined and measureable.

OBJECTIVE To assess general surgery residency program performance using the objective
clinical outcomes of patients operated on by program graduates.

DESIGN, SETTING, AND PARTICIPANTS A retrospective cohort study was conducted of
discharge records from 349 New York and Florida hospitals between January 1, 2008, and
December 31, 2011. The records comprised 230 769 patients undergoing 1 of 24 general
surgical procedures performed by 454 surgeons from 73 general surgery residency programs.
Analysis was conducted from June 4, 2014, to June 16, 2015.

MAIN OUTCOMES AND MEASURES In-hospital death; development of 1 or more postoperative
complications before discharge; prolonged length of stay, defined as length of stay greater
than the 75th percentile when compared with patients undergoing the same procedure type
at the same hospital; and failure to rescue, defined as in-hospital death after the
development of 1 or more postoperative complications.

RESULTS Patients operated on by surgeons trained in residency programs that were ranked in
the top tertile were significantly less likely to experience an adverse event than were patients
operated on by surgeons trained in residency programs that were ranked in the bottom
tertile. Adjusted adverse event rates for patients operated on by surgeons trained in
programs that were ranked in the top tertile and those who were operated on by surgeons
trained in programs that were ranked in the bottom tertile were, respectively, 0.483% vs
0.476% for death, 9.68% vs 10.79% for complications, 16.76% vs 17.60% for prolonged
length of stay, and 2.68% vs 2.98% for failure to rescue (all P < .001). The differences
remained significant in procedure-specific subset analyses. The rankings were significantly
correlated among some but not all outcome measures. The magnitude of the effect of the
residency program on the outcomes achieved by the graduates decreased with increasing
years of practice. Within the analyses of surgeons within 20, 10, and 5 years of practice, the
relative difference in adjusted adverse event rates across the individual models between the
top and bottom tertiles ranged from 1.5% to 12.3% (20 years), 9.1% to 33.8% (10 years), and
8.0% to 44.4% (5 years).

CONCLUSIONS AND RELEVANCE Objective data were successfully used to rank the clinical
outcomes achieved by graduates of general surgery residency programs. Program rankings
differed by the outcome measured. The magnitude of differences across programs was small.
Careful consideration must be used when identifying potential targets for payment-for-
performance initiatives in graduate medical education.
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T he 2014 Institute of Medicine report calls for restructur-
ing of Medicare funding for Graduate Medical Education
(GME) to incorporate payment-for-performance

methods.1,2 The Institute of Medicine argues that US taxpayers
should no longer unconditionally fund physician training but
rather fund training that is best able to meet the nation’s health
care needs. This call for payment for performance in GME raises
thequestion,“Howdowedefineandmeasureresidencyprogram
performance?” To our knowledge, there is no consensus regard-
ing how to evaluate GME. Programs use fellowship match rates,
board pass rates, or subjective evaluations of observed encoun-
tersasproxymeasuresoftrainingquality.3,4 However,thesemea-
sures do not directly capture program performance in the core
objective of GME—to train a future generation of physicians to
deliver high-quality patient care. Furthermore, experience in
measuring hospital performance has shown that process mea-
sures are not necessarily correlated with outcomes measures.5,6

The same may be true in measuring GME performance. Fund-
ing GME based on performance demands the creation of a sys-
tem that reliably evaluates residency programs using objective
clinical outcomes.

Prior work demonstrated that obstetrics and gynecology
residency programs could be ranked by the complication rates
of their graduates’ patients.7,8 However, this approach has not
yet been applied to fields where there are less clearly defined
indications for intervention and more variability in the types
of procedures performed. This study expands this work into
general surgery, a primary care specialty with a more diverse
range of procedures and outcomes. General surgery was se-
lected because there are approximately 2.65 million inpa-
tient admissions for general surgical procedures annually in
the United States,9 general surgical procedure outcomes have
been widely examined using discharge claims,10-12 and gen-
eral surgery training is the foundation for many other surgi-
cal specialties. Four outcomes were used to examine the care
provided by general surgery residency program graduates and
to compare performance across programs.

Methods
Patients, Surgeons, Hospitals, and Residency Programs
Patients undergoing 1 of 24 general surgical operations in New
York and Florida hospitals between January 1, 2008, and Decem-
ber 31, 2011,13,14 were identified for study inclusion using Inter-
national Classification of Diseases, Ninth Revision, Clinical Modi-
fication (ICD-9-CM) procedure codes.15 Operations were chosen
to capture the breadth of inpatient procedures performed by gen-
eral surgeons (Table 1).16 New York and Florida were selected for
the study because of the ability to link patient claims to informa-
tion on surgeons and hospitals. Physician identifiers were used
to obtain current and historical data from the American Medi-
calAssociationPhysicianMasterfile.17 Dataonhospital-levelqual-
ity measures were obtained from the 2014 Hospital Compare
database.18 Toavoidmisclassifyingacomplexoperationasasepa-
rately listed component procedure, patients undergoing multiple
qualifying procedures were classified by the most comprehen-
sive procedure coded in the discharge claim for each admission

as determined by 3 of us (N.B., J.B.M., and R.R.K.) (Table 1). For
example, a patient who underwent both a pancreatectomy and
a cholecystectomy during the same admission was classified un-
der pancreatectomy.

A total of 952 183 admissions included a qualifying gen-
eral surgical operation. Patients were excluded if the the phy-
sician identifier in the state data set could not be linked to a
record in the American Medical Association Physician Mas-
terfile (n = 153), the physician did not identify general sur-
gery as his or her primary or secondary specialty (n = 273 426),
the recorded residency was at an institution without a gen-
eral surgery residency program (n = 39 745), the physician was
trained outside the United States (n = 195 741), the physician
did not have an MD degree (n = 8593), or the residency comple-
tion date was after the date of the qualifying operation
(n = 1078). To minimize the effects of practice habits devel-
oped after training, observations were excluded if the physi-
cian was more than 20 years out of residency at the time of
the qualifying discharge (n = 132 775). Finally, patients of sur-
geons whose residency program could not be identified (n = 63)
or whose surgeons trained at residency programs for which
fewer than 5 alumni could be identified (n = 69 840) were ex-
cluded from the analysis. The final sample included 230 769
patients operated on by 454 general surgeons from 73 general
surgery residency programs. The residency programs were lo-
cated in 24 states, the District of Columbia, and Puerto Rico
and represented 28.7% of the 254 currently accredited gen-
eral surgery residency programs in the United States. The analy-
sis was repeated excluding physicians more than 10 years out
of residency and more than 5 years out of residency to exam-
ine the program effect at time points closer to the training pe-
riod. For the analysis of surgeons within 10 years of training,
there were 78 575 patients operated on by 319 general sur-
geons from 36 general surgery residency programs. For the
analysis of surgeons within 5 years of training, there were
26 576 patients operated on by 121 general surgeons from 16
general surgery residency programs. Analysis was conducted
from June 4, 2014, to June 16, 2015. The study was exempted
from review by the University of Pennsylvania Institutional Re-
view Board.

Adverse Events
The adverse events examined were death, development of 1
or more complications, prolonged length of stay (PLOS), and
failure to rescue (FTR). Death was defined as death during the
same hospital stay. Complications were identified by ICD-9-CM
diagnosis codes (eTable 1 in the Supplement)19,20 for indi-
vidual complications and collapsed into a binary variable rep-
resenting the occurrence of any postoperative complication.
To distinguish between complications and comorbidities, di-
agnosis codes were not considered if they were designated as
present on admission. Prolonged length of stay was defined
within each hospital as a binary variable indicating procedure-
specific length of stay greater than the 75th percentile. Pro-
longed length of stay is a well-described measure used to re-
flect inefficiencies in care and to capture complications that
prolong care.21,22 Failure to rescue was coded as a binary
variable indicating in-hospital death following any
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complication.23,24 In defining FTR, death was included as a
complication with the assumption that patients who died with-
out a documented complication experienced an undocu-
mented complication. Failure to rescue was defined only for
the 11 701 patients (5.1% of cohort) who were admitted elec-
tively and died or developed complications following sur-
gery performed on hospital day 0 to reflect the context in which
FTR was initially developed.

Statistical Analysis
Owing to the nested nature of the data, with multiple patients
associated with each surgeon and multiple surgeons associated
with each residency program, hierarchical generalized linear
models (HGLM) with a logit link function were used to assess the
independentassociationbetweenresidencyprogramandadverse
events (eAppendix in the Supplement). A separate model was es-
timated for each of the 4 adverse events. Candidate covariates
were chosen based on a review of the literature and clinical judg-
mentandwereselectedforinclusionineachmodelusingPearson
χ2 tests with a threshold of P < .10. Patient characteristics
included age, sex, race, principal payer (Medicare, Medicaid,

private insurance, self-pay, and other), Elixhauser index,25-27 op-
eration type, admission via the emergency department, surgery
on the day of admission, operation year, and state. Surgeon char-
acteristics included age, sex, decade of training completion, op-
erative volume in tertiles, and identification of a subspecialty in
addition to general surgery (defined as a binary variable). Sur-
geon subspecialty was included in the analysis to adjust for the
effects of advanced training beyond residency. Given the study
time frame, many surgeons entered residency before the duty
hour requirement was reformed and before the accelerated rate
of fellowship enrollment. Therefore, we used surgeon subspe-
cialty as a proxy for fellowship training or focused practice. Hos-
pital characteristics included were bed size, ownership, and set-
ting. Hospital surgical quality was examined using data from the
Hospital Value-Based Purchasing Program16 to account for the
assumptions that better hospitals attract surgeons trained at bet-
ter residency programs and that the variance in hospital quality
in the form of better preoperative or postoperative care may ac-
count for the observed variance in clinical outcomes. Hospital
surgical quality was defined as the mean performance score in
the surgery-specific clinical process of care measures (eTable 2

Table 1. General Surgery Procedures Included in the Analysis by Order of Priority and Prevalence in the 230 769 Patients

Priority Description ICD-9-CM Procedure Code

Prevalence in
Study Population,
No. (%)a

1 Pancreatectomy 52.51, 52.52, 52.53, 52.59, 52.6, 52.7 3653 (1.58)

2 Esophagectomy 42.4, 42.40, 42.41, 42.42, 42.7 755 (0.33)

3 Gastric surgery 43.5, 43.6, 43.7, 43.81, 43.82, 43.89, 43.91, 43.99, 44.00, 44.01, 44.02,
44.03, 44.3, 44.38, 44.39, 44.5

4129 (1.79)

4 Antireflux surgery 44.65, 44.66, 44.67 2959 (1.28)

5 Hepatectomy 50.22, 50.23, 50.25, 50.3, 50.4 3418 (1.48)

6 Cholecystectomy 51.2, 51.21, 51.22, 51.23, 51.24 58 923 (25.53)

7 Bariatric surgery 43.7, 43.82. 43.89, 43.91, 43.99, 44.31, 44.38, 44.39, 44.68, 44.95, 44.98,
55.96

20 108 (8.71)

8 Colectomy, total 45.8, 45.81, 45.82, 45.83 1066 (0.46)

9 Proctectomy 48.4, 48.40, 48.41, 48.42, 48.43, 48.49, 48.5, 48.50, 48.51, 48.52, 48.59,
48.6, 48.61, 48.62, 48.63, 48.64, 48.65, 48.69

5116 (2.22)

10 Colectomy, partial 17.31, 17.32, 17.33, 17.34, 17.35, 17.36, 17.39, 45.71, 45.72, 45.73, 45.74,
45.75, 45.76, 45.79

29 777 (12.90)

11 Splenectomy 41.42, 41.43, 41.5 1899 (0.82)

12 Enterectomy 45.6, 45.61, 45.62, 45.63 10 419 (4.51)

13 Appendectomy 47.0, 47.01, 47.09 34 187 (14.81)

14 Ostomy 46.01, 46.03, 46.1, 46.10, 46.11, 46.13, 46.14, 46.2, 46.21, 46.22, 46.23,
46.24, 46.3, 46.31, 46.32, 46.39, 46.5, 46.50, 46.51, 46.52

7152 (3.10)

15 Ventral hernia repair 53.5, 53.51, 53.59, 53.6, 53.61, 53.62, 53.63, 53.69 15 273 (6.62)

16 Femoral or inguinal hernia repair 17.11, 17.12, 17.13, 17.21, 17.22, 17.23, 17.24, 53.00, 53.01, 53.02, 53.03,
53.04, 53.05, 53.1, 53.10, 53.11, 53.12, 53.13, 53.14, 53.15, 53.16, 53.17,
53.2, 53.21, 53.29, 53.3, 53.31, 53.39,

5274 (2.29)

17 Umbilical hernia repair 53.4, 53.41, 53.42, 53.43, 53.49 2300 (1.00)

18 Other hernia repair 53.7, 53.71, 53.72, 53.75, 53.8, 53.80, 53.81, 53.82, 53.83, 53.84 860 (0.37)

19 Mastectomy 85.41, 85.42, 85.43, 85.44, 85.45, 85.46, 85.47, 85.48 7091 (3.07)

20 Adrenalectomy 07.0, 07.00, 07.01, 07.02, 07.2, 07.21, 07.22, 07.29, 07.3 1032 (0.45)

21 Parathyroidectomy 06.8, 06.81, 06.89 1173 (0.51)

22 Thyroidectomy 06.2, 06.3, 06.31, 06.39, 06.4, 06.5, 06.50, 06.51, 06.52 4562 (1.98)

23 Lysis of adhesions 54.51, 54.59 8357 (3.62)

24 Ulcer site suture 44.40, 44.41, 44.42 1286 (0.56)

Abbreviation: ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification.
a Percentages do not total 100% owing to rounding.
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in the Supplement). For each model, discrimination was assessed
using the C statistic, and the proportion of variation explained
was measured using Efron’s pseudo R2.

Using the analytical framework implemented in obstetrics7,8

andfurtherdescribedintheeAppendixintheSupplement,arisk-
standardized adverse event rate (RSAER) for each residency pro-
gram was calculated for each of the 4 adverse events. The RSAER
reflects the program-specific HGLM-predicted adverse event rate
divided by the HGLM-predicted adverse event rate of the aver-
age residency program. The residency programs were then
ranked and grouped into tertiles based on their RSAERs for each
adverse event. The 4 sets of program rankings were compared
on a pairwise basis with the Spearman rank correlation using the
Sidak correction for multiple comparisons.28

Using the results of fitting each HGLM, the adjusted adverse
event rate (AAER) for each residency program was estimated as
the HGLM prediction for the average patient treated by the av-
erage surgeon if the average surgeon had attended that specific
residency program (eAppendix in the Supplement). Unlike the
RSAER, the AAER differs between programs only in the inclusion
of the predicted program effects; the characteristics of each pro-
gram’s graduates and those graduates’ patients do not affect the
AAER. The mean AAER was calculated for each tertile. The dif-
ference between the top and bottom tertiles was calculated to
reflecttheabsoluteriskreductionassociatedwithoperationsper-
formedbyasurgeonfromaprogramrankedinthetoptertilecom-
pared with operations performed by a surgeon from a program
ranked in the bottom tertile. The relative risk reduction was also
calculated. To control for differences in case selection by alumni,
AAERs were calculated in subset analyses of specific procedures
linked to specific indications: emergency appendectomy for ap-
pendicitis and elective pancreatectomy for neoplasm. These sub-
set analyses were limited to procedures performed on the day
of admission to reduce the heterogeneity of the patient cohorts.
In addition, a cross-validation analysis was performed in which
half the patients were used to compute RSAERs and rank pro-
grams and the other half were used to compute AAERS (eTable
3 in the Supplement).

All analyses were performed using Stata/MP, version 13.1,
statistical software (StataCorp) and SAS, version 9.4, soft-
ware (SAS Institute Inc).

Results
Descriptive statistics are shown in Table 2. Characteristics were
clinically similar across included and excluded cohorts. In the
study population, the observed rates of adverse events were 1.8%
for death, 15.0% for complications, 20.9% for PLOS, and 6.8%
for FTR. Complete models for each adverse event are shown in
eTable 4 in the Supplement. The model C statistics ranged from
0.74 (FTR) to 0.90 (death). The proportion of variation explained
by the models ranged from 8.9% (FTR) to 22.2% (complications).
Observed adverse event rates, RSAERs, and selected patient and
surgeon characteristics by residency program tertile are shown
in Table 3. Adjusted adverse event rates for each program tertile
are shown in Table 4. Adjusted adverse event rates for programs
ranked in the top tertile were significantly lower than those for

programs ranked in the bottom tertile for all procedures as well
as for subset populations.

Among the cohort of surgeons within 10 years of graduation
from residency, the program effect was notably larger as evi-
denced by the larger absolute differences between the top and
bottom tertiles across all outcomes and models. The relative dif-
ference in AAERs between the top and bottom tertiles ranged
from 9.1% in the complication model to 33.8% in the FTR model.
The RSAERs and AAERs were similar in magnitude to those com-
puted from the full 20-year cohort (eTable 5 and eTable 6 in the
Supplement). Among the cohort of surgeons within 5 years of
graduation from residency, the program effect was even larger,
with the relative difference between the top and bottom tertiles
ranging from 8.0% in the PLOS model to 44.4% in the mortality
model (eTable 7 in the Supplement).

The tertile rankings of the individual programs were consis-
tent between death and FTR and between complications and
PLOS. When comparing death and FTR, 52.1% of the 73 programs
remained within the same tertile, 38.4% moved by 1 tertile, and
9.6%movedby2tertiles.Similarly,whenjudgedbycomplications
comparedwithPLOS,50.7%oftheprogramsremainedwithinthe
same tertile, 38.4% moved by 1 tertile, and 11.0% moved by 2 ter-
tiles. Rankings were not consistent between FTR and complica-
tions or PLOS. Table 5 shows the pairwise Spearman rank corre-
lations comparing rankings for the individual adverse events.

Discussion
The call to restructure GME funding aligns with a broader move-
ment across the health care industry toward models of payment
forperformance.29-32 However,toourknowledge,anationalstan-
dard for measuring GME performance does not exist. Attempts
have been made to rank residency programs based on percep-
tion by experts in the field,33 but public perception of program
prestigeisnotareliableindicatorofqualityofclinicaltraining.34,35

Given that the ultimate goal of general surgery residency is to pre-
pare surgeons to achieve optimal patient outcomes after gradu-
ation, an intuitive measure of performance would be the clini-
cal outcomes of patients of program graduates. Information on
program performance in achieving this mission is important to
the health care system, residency programs, surgical trainees,
and patients.

This study demonstrates that general surgery residency pro-
grams can be ranked by the outcomes achieved by their gradu-
ates but that the selected measures affect the rank ordering of
theprograms.Patientswhoseprocedureswereperformedbysur-
geons trained in the top and bottom tertiles of general surgery
residencyprogramsexperienceddifferentratesofadverseevents.
The differences across the program tertiles were relatively small
among the cohort of surgeons with up to 20 years of practice.
However, differences tended to be greater among surgeons with
less than 10 years of experience and most pronounced among the
cohort of surgeons with less than 5 years of experience. This find-
ing suggests that the effects of training on outcomes are great-
est at the onset of independent practice.

This article serves as a proof of concept that patient out-
comes can be used to rank general surgery residency pro-
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grams. Similar ranking systems have been attempted previ-
ously only in obstetrics and gynecology,7 where programs were
ranked by graduates’ rates of patient complications during de-
livery. That study examined 2 procedures (vaginal and cesar-
ean delivery) with a single indication and discrete outcomes
(laceration, hemorrhage, and infection). Our study shows that
such a method can be applied to a primary care specialty—
general surgery—with a much broader range of procedures. Pro-
gram rankings were consistent across cohorts of surgeons
within 5, 10, or 20 years of practice, suggesting that the ana-

lytic strategy can produce stable estimates of the programs’
performances and that the effect of the programs on their
graduates’ outcomes is strongest in the early years of inde-
pendent practice. However, the study was unable to define a
single metric for use in program assessment owing to the lack
of consistency across all the outcome measures examined.

There are several limitations to this study. First, success-
ful surgical outcomes are determined not just by technical ex-
cellence but also by good clinical judgment in determining can-
didacy for surgery. Selecting the right surgical procedure for

Table 2. Baseline Patient, Surgeon, and Hospital Characteristics of Overall Study Population and Study Samplea

Characteristic

All Selected Operations in NY
and FL During the Study Period
(n = 952 183)

Study Sample
(n = 230 769) P Value

Patient characteristics

Age, mean (SD), y 54.4 (18.4) 54.6 (18.4) <.001

Female sex 600 642 (63.06) 137 329 (59.51) <.001

Nonwhite race 238 455 (25.27) 53 119 (23.17) <.001

Medicaid or uninsured 149 629 (15.72) 34 545 (14.97) <.001

Elixhauser score, 3+ 267 919 (28.14) 66 596 (28.86) <.001

Emergency admission 302 536 (31.77) 81 535 (35.33) <.001

Procedure

Appendectomy 121 209 (12.73) 34 187 (14.81) <.001

Pancreatectomy 9281 (0.97) 3653 (1.58) <.001

Surgeon characteristics

Female sex 69 922 (8.37) 24 989 (10.83) <.001

Years of experience, mean (SD) 16.2 (9.7) 11.2 (5.5) <.001

Surgical procedures, mean (SD), No. 575.5 (445.3) 695.5 (413.3) <.001

Subspecialty listed 547 096 (57.46) 69 422 (30.08) <.001

Hospital characteristics

New York state 472 899 (49.66) 110 451 (47.86) <.001

Not for profit, urban 760 930 (79.97) 186 540 (80.86) <.001

Surgical quality score, mean (SD) 98.3 (1.6) 98.4 (1.4) <.001

Complications

Acute renal failure 26 827 (2.82) 6275 (2.72) <.001

Aspiration or other respiratory complications 17 173 (1.80) 3936 (1.71) <.001

Cardiac complications 9994 (1.05) 2466 (1.07) .30

DVT or PE 8610 (0.90) 1915 (0.83) <.001

Hoarseness 643 (0.07) 106 (0.05) <.001

Nerve injury or other complication involving the nervous system 791 (0.08) 189 (0.08) .82

Obstruction requiring return to the OR 2775 (0.29) 675 (0.29) .91

Pneumonia 20 688 (2.17) 4510 (1.95) <.001

Postoperative infection 15 274 (1.60) 3691 (1.60) .84

Pulmonary insufficiency 46 354 (4.87) 10 950 (4.75) <.001

Return to the OR 15 659 (1.64) 3548 (1.54) <.001

Septicemia 25 546 (2.68) 5746 (2.49) <.001

Wound disruption or other complication involving the
operative site

30 292 (3.18) 6891 (2.99) <.001

Total parenteral nutrition 47 622 (5.00) 10 717 (4.64) <.001

Hemorrhage requiring transfusion 3383 (0.36) 713 (0.31) <.001

Death 18 282 (1.92) 4217 (1.83) <.001

Prolonged length of stay 200 177 (21.02) 48 247 (20.91) .14

Failure to rescue 3073 (6.14) 797 (6.81) .001

Abbreviations: DVT, deep vein thrombosis; OR, operating room; PE, pulmonary embolism.
a Data are presented as number (percentage) unless otherwise specified.
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Table 3. Sample Characteristics by Residency Program Tertile for All Adverse Eventsa,b

Characteristic Tertile 1 (Best) Tertile 2 Tertile 3 (Worst)
Death

Patients, No. 73 285 56 864 100 620

Medicaid or uninsuredc 9569 (13.1) 10 124 (17.8) 14852 (14.8)

Elixhauser score, 3+c 22 086 (30.1) 16 486 (29.0) 28 024 (27.9)

Emergency admissionc 24 679 (33.7) 22 715 (40.0) 34 141 (33.9)

Surgeons, No. 249 210 363

Female sex 38 (8.3) 42 (11.1) 64 (12.5)

Surgical procedures, mean (SD), No. 294.3 (263.5) 270.8 (262.3) 277.2 (264.6)

Subspecialty listedc 106 (42.6) 63 (30.0) 132 (36.4)

Residency programs, No. 25 24 24

Observed adverse event ratec 1.6 2.0 2.6

Risk-standardized adverse event rate, mean (SD) 1.82 (0.01) 1.83 (0.003) 1.84 (0.01)

Complications

Patients, No. 76 785 72 458 81 526

Medicaid or uninsuredc 11 011 (14.3) 11 549 (15.9) 11 985 (14.0)

Elixhauser score, 3+c 21 770 (28.4) 21 603 (29.8) 23 223 (28.5)

Emergency admissionc 27 560 (35.9) 25 973 (35.9) 28 002 (34.4)

Surgeons, No. 247 287 288

Female sex 38 (7.8) 50 (10.8) 56 (13.7)

Volume, mean (SD), No.c 310.9 (275.4) 252.5 (241.3) 283.1 (272.1)

Subspecialty listed 93 (37.7) 109 (38.0) 99 (34.4)

Residency programs, No. 25 24 24

Observed adverse event rate 14.5 16.8 16.6

Risk-standardized adverse event rate, mean (SD) 14.35 (0.46) 15.05 (0.11) 15.55 (0.28)

Prolonged length of stay

Patients, No. 78 767 76 594 75 408

Medicaid or uninsuredc 10 851 (13.8) 11 243 (14.7) 12 451 (16.5)

Elixhauser score, 3+c 22 860 (29.0) 23 200 (30.3) 20 536 (27.2)

Emergency admissionc 29 450 (37.4) 26 966 (35.2) 25 119 (33.3)

Surgeons, No. 265 259 298

Female sex 48 (8.8) 40 (10.4) 56 (13.3)

Volume, mean (SD), No. 297.2 (274.4) 295.7 (255.4) 253.0 (259.1)

Subspecialty listed 92 (34.7) 97 (37.5) 112 (37.6)

Residency programs, No. 25 24 24

Observed adverse event ratec 19.9 21.7 23.6

Risk-standardized adverse event rate, mean (SD) 20.55 (0.17) 20.89 (0.10) 21.33 (0.14)

Failure to rescue

Patients, No. 87 271 53 418 90 080

Medicaid or uninsuredc 11 316 (13.0) 8069 (15.1) 15 160 (16.8)

Elixhauser score, 3+c 25 100 (28.8) 15 692 (29.4) 25 804 (28.7)

Emergency admissionc 30 932 (35.4) 17 337 (32.5) 33 266 (36.9)

Surgeons, No. 270 216 336

Female sex 47 (9.5) 44 (15.5) 53 (9.4)

Volume, mean (SD), No.c 323.2 (276.3) 247.3 (223.8) 268.1 (272.7)

Subspecialty listed 97 (35.9) 81 (37.5) 123 (36.6)

Residency programs, No. 25 24 24

Observed adverse event ratec 4.2 8.1 11.0

Risk-standardized adverse event rate, mean (SD) 6.54 (0.20) 6.88 (0.07) 7.24 (0.20)
a Data are presented as number (percentage) unless otherwise specified.
b Models were developed separately for each outcome measure and included

the patient, surgeon, and hospital factors shown in eTable 4 in the

Supplement. Procedure type was also included in each model.
c Significant difference across the tertiles, P < .01 after correction for multiple

comparisons.
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the right patient at the right time is a clinical skill taught in resi-
dency. By comparing outcomes for the average patient oper-
ated on by the average surgeon at each residency program, the
clinical judgment required to selectively operate on patients
most likely to benefit from surgical rather than medical treat-
ment options is penalized rather than rewarded. Once re-
searchers define a method to assess appropriateness of the sur-
gical intervention, it will be important to include it in the model.
Despite this limitation, this study demonstrates that “better”
residency programs can be defined based on what matters
most—how graduates’ patients fare clinically after surgery.

Second, this study did not include the baseline caliber of
the entering trainees. It is possible that the more highly ranked
residency programs select more talented trainees with a greater
aptitude for excellence in surgery, and the program itself had
a minimal effect. In this case, the ranking system would re-
main an important metric for patients and hospitals when se-
lecting surgeons but would lose its utility in guiding improve-
ments in the training process.

Third, we were not able to directly measure fellowship sta-
tus. Self-reported specialization was used as a proxy but may re-
flect a spectrum of additional training and/or narrowing of prac-
tice patterns without a formal fellowship. This finding should not
significantlyaffecttheresultsofthestudy,asmanysurgeonswith

additional fellowship training continue to perform procedures
outside their area of specialization, and skills learned during resi-
dency form the foundation for any additional training or expe-
rience gained during fellowship. In addition, the first cohort of
surgeons trained in the modern era only began to enter practice
in 2008. Given the study time frame, many procedures were per-
formed by surgeons who completed most or all of their residency
training before the implementation of the new duty hour stan-
dards and the accelerated rate of fellowship enrollment. Thus,
the effect of fellowship training is likely to be less important in
this study than it will be in the future.

Fourth, the study is limited to information contained in ad-
ministrative data across 2 states. Therefore, the results are sub-
ject to the same limitations common to all studies performed
using inpatient claims data. Moreover, we were only able to
examine program rankings for 28.7% of general surgery resi-
dency programs, and the desire for trainees to practice in cer-
tain areas of the country may have influenced the results.

Finally, the program graduates were grouped together dur-
ing a 20-year period and does not account for potential changes
in a given program over time. While subset analyses suggest
that a focused analysis of surgeons who graduated more
recently would give similar rankings, these analyses were
limited by the low numbers of programs included. Future

Table 5. Spearman Rank Correlations of Risk-Standardized Adverse Events Among Residency Programs

Characteristic Death Complications PLOS FTR
Death 1 [Reference]

Complications 0.321 1 [Reference]

PLOS 0.108 0.409a 1 [Reference]

FTR 0.529a −0.222 0.0196 1 [Reference]

Abbreviations: FTR, failure to rescue;
PLOS, prolonged length of stay.
a P < .05, Sidak adjusted for multiple

comparisons.

Table 4. Mean Adjusted Adverse Event Rates by Residency Program Tertilea

Characteristic

Mean Adjusted Adverse Event Rate (SE), %b

Absolute Difference (SE),
Tertile 3 – Tertile 1b

Relative Difference (SE),
(Tertile 3 – Tertile 1)/Tertile 1bTertile 1 (Best) Tertile 2 Tertile 3 (Worst)

All procedures

Death 0.476 (0.0004) 0.480 (0.0002) 0.483 (0.0004) 0.007 (0.001)c 1.50 (0.11)

Complications 9.68 (0.08) 10.31 (0.02) 10.79 (0.06) 1.10 (0.10)c 11.41 (1.24)

PLOS 16.76 (0.03) 17.12 (0.02) 17.60 (0.03) 0.83 (0.05)c 4.97 (0.30)

FTR 2.68 (0.02) 2.82 (0.01) 2.98 (0.02) 0.31 (0.02)c 11.41 (0.96)

Emergency appendectomy

Death 0.0910 (0.0001) 0.0917 (0.00003) 0.0924 (0.0001) 0.0014 (0.0001)c 1.50 (0.11)

Complications 3.14 (0.03) 3.36 (0.01) 3.53 (0.02) 0.39 (0.03)c 12.33 (1.24)

PLOS 11.82 (0.03) 12.09 (0.02) 12.45 (0.02) 0.62 (0.03)c 5.28 (0.26)

FTR 1.14 (0.01) 1.20 (0.003) 1.27 (0.01) 0.13 (0.01)c 11.62 (0.98)

Elective pancreatectomy

Death 2.386 (0.002) 2.403 (0.001) 2.421 (0.002) 0.040 (0.003)c 1.47 (0.11)

Complications 25.40 (0.20) 26.75 (0.05) 27.75 (0.13) 2.35 (0.23)c 9.25 (0.86)

PLOS 12.44 (0.03) 12.72 (0.02) 13.09 (0.03) 0.65 (0.04)c 5.24 (0.28)

FTR 6.31 (0.03) 6.63 (0.02) 7.00 (0.04) 0.69 (0.05)c 10.94 (0.93)

Abbreviations: FTR, failure to rescue; PLOS, prolonged length of stay.
a Models were developed separately for each outcome measure. These

calculations were performed on the log-odds scale (negative infinity to
positive infinity) and then converted to probabilities (0, 1). Therefore, these
values may differ in magnitude from the observed rates owing to the

heterogeneity of the population. This technical issue does not affect the
ordering of the adjusted adverse event rates.

b Standard errors computed via bootstrapping with 100 resamples.
c Difference between tertiles, P < .001.
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studies designed to control for some of these limitations will
help to develop a system that appropriately incentivizes gen-
eral surgery residency programs to train surgeons to achieve
optimal patient outcomes that meet population needs.

The study has several strengths. Results include outcomes
across a broad array of surgical procedures performed by general
surgeons following the residency period. The study considers the
role of advanced training by adjusting for surgeon specialty and
examines4medicalandsurgicaloutcomesthatcanbeinfluenced
by the quality of the care provided to the patients. Results are also
adjusted for the major patient, surgeon, and hospital character-
istics known to influence outcomes.

Conclusions

This study demonstrates the feasibility of ranking general sur-
gery residency programs using the outcomes of patients treated
by the programs’ graduates. The ranking system was able to
successfully classify programs based on outcomes achieved by
surgeons with variable amounts of clinical experience be-
yond the training period. However, as the rankings differed by
the individual measures tested, careful consideration will need
to be put into the choice of metrics used in any residency pro-
gram assessment system.
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Invited Commentary

Making a Difference in Surgery Residency Programs
John L. Tarpley, MD, FWACS; Walter E. Smalley Jr, MD, MPH

“A difference to be a difference must make a difference.”
Gertrude Stein1

With the Institute of Medicine’s recommendation for clinical
outcomes-based Medicare graduate medical education fund-
ing, a pay-for-performance initiative awaits. The article by

Bansal et al,2 titled “Using Pa-
tient Outcomes to Evaluate
General Surgery Residency
Program Performance,” is cer-

tainly timely. The authors concluded, “This study demon-
strates the feasibility of ranking general surgery residency pro-
grams using the outcomes of patients treated by the programs’
graduates. … However, as the rankings differed by the indi-
vidual measures tested, careful consideration will need to be
put into the choice of metrics used in any residency program
assessment system.”2

New York and Florida report outcomes by individual sur-
geons with their names. We had a few related comments and
observations.

Thisobservational,nonrandomizedstudyusestheNewYork
and Florida administrative databases. Statistical methods are
complex. Absolute differences are miniscule, perhaps the big-
gest surprise of this article. Accepting the data as reported, one
would have to switch more than 14 000 cases from tertile 3 sur-
geons to tertile 1 surgeons to save a life, 90 to prevent a compli-
cation, and 300 to prevent 1 failure to rescue. With large sample
sizes, statistical significance may not equate to clinical signifi-
cance. Such data assessment projects are high stakes in deter-

miningfuturegraduatemedicaleducationfunding.Istherereally
a meaningful difference between tertiles 1 and 2 in this study?
Relative risk differences infer that there might be differences be-
tweengroups.Absolutedifferencesshoulddrivewhetherwecare
about the differences.

The “program effect” (differences) in the mortality model
between top and bottom tertiles was greatest for surgeons fin-
ishing within 5 years, a relative difference of 44.4%. Tertile 3
younger surgeons had 44% more adverse outcomes than tertile
1 (relative risk = 1.45). Might the greater difference between train-
ing programs early on, but less so later, imply that tertile 3 gradu-
ates catch up with time? As the authors noted, (1) early “program
effect” may relate to resident recruitment; (2) likely changes over
20 years; and (3) in fact, may be minimal.

Surgeons and programs can “game the numbers” via “risk
transfer.” Programs wherein surgeons put patients’ interests first
may suffer in comparison with programs that eschew providing
risk-laden procedures. Unintended consequences abound. Per-
sons measuring quality would contend that outcomes are risk ad-
justed. However, the concern that models may not adequately
control for risk could lead to risk-shifting behavior.

Major changes in surgical education, clinical practice, and
methods of remuneration occurred over the past 50 years, will
continue, and likely accelerate. The quest remains for safety
and quality coupled with affordability and access.

We concur with the University of Pennsylvania team’s cau-
tionary conclusion that “careful consideration” is required in
identifying pay-for-performance targets. Festina lente (“make
haste slowly”).
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