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OBJECTIVE: To evaluate trends in surgical resident

exposure to complex oncologic procedures in order

to determine whether additional fellowship training is

necessary.

DESIGN: An observational study of national Accredita-

tion Council for Graduate Medical Education case log sta-

tistical reports was conducted to determine the average

number of cases for selected oncology-relevant proce-
dures completed during training. Linear regression and

Cusick trend tests were used to assess temporal trends

with the null hypothesis assuming an estimated slope of

zero. Instrumental variable estimation was used to study

the effect of duty-hour restrictions on oncologic cases

per year.

SETTING: United States general surgery residency train-

ing programs.

PARTICIPANTS: Graduating surgical residents complet-

ing their training between 2000 and 2016.

RESULTS: Across the study interval, mean case volume

was 950.6 § 29.7 (standard deviation) cases with 38.9 §
3.1 complex oncologic cases per graduating resident.

Decreasing trends were noted for average exposure to

lymphadenectomies (¡7.8 cases/decade; 95% confi-

dence interval [CI] ¡8.8 to ¡6.8) and low rectal proce-

dures (¡0.9 cases/decade; 95% CI ¡1.2 to ¡0.6). There

was no clinically important change in complex soft-tis-
sue resections and foregut cases. A significant increase

was seen in number of hepatopancreaticobiliary proce-

dures (+3.9 cases/decade; 95% CI 3.1-4.7). Using instru-

mental variable estimation, there was a modest decline
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in cancer-relevant cases by 5.0 cases/decade (95% CI

4.5-5.6), while there was an increase in 38.5 total cases/

decade (95% CI 10.4-66.7) associated with duty-hour

restrictions.

CONCLUSIONS: Case numbers for several complex

oncologic procedures remain low, justifying a need for

further fellowship training depending on individual resi-

dent experience. ( J Surg Ed 76:378�386.� 2018 Associ-
ation of Program Directors in Surgery. Published by

Elsevier Inc. All rights reserved.)
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INTRODUCTION

Advances in medical knowledge and surgical innova-

tion have altered the scope of general surgery. Prac-

tice shifts including greater use of laparoscopic,
endovascular, endoscopic, and interventional techni-

ques have led to changes in the case volume and

complement experienced by residents.1 Concurrently,

implementation of Accreditation Council for Graduate

Medical Education duty-hour reform and a focus on

clinical competency have altered the traditional resi-

dency model.2 Exposure to open operations and

“teaching-assistant” cases has decreased, with an asso-
ciated decrease in operative autonomy.3-5 Graduating

surgery residents now lack confidence performing

common bile duct explorations, Whipple procedures,

liver resections, and esophagectomies,6 with deficien-

cies noted by program directors in their preparation

for independent practice.7
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A majority of chief residents are now pursuing fel-

lowship training in order to improve confidence and

proficiency in their desired specialty.6 In 2012, com-

plex general surgical oncology (CGSO) received
approval for American Board of Surgery subspecialty

certification and has been advocated as a pathway to

improve competence in performance of complex

oncologic cases.8,9 In light of these changes, this study

evaluates national trends in resident exposure to onco-

logic cases in the context of case minimums for board-

certification pathways for colorectal surgery, thoracic

surgery, and CGSO, as well as fellowship training-
program requirements for breast oncology and hepa-

topancreaticobiliary (HPB) surgery.
MATERIALS ANDMETHODS

A retrospective analysis of Accreditation Council for

Graduate Medical Education statistical reports from
United States general surgery residents graduating in

2000 to 2016 was conducted in order to determine case

exposure to selected oncology-relevant procedures.

These reports include data submitted by accredited sur-

gical residency programs and include cumulative gradu-

ating resident case volume and specific procedural

averages for cases.10 Because case logs do not specify

indications for procedures, only certain cases were
selected based on their relevance to oncologic surgery.

Modified radical mastectomy (MRM), major lymphade-

nectomy, cervical lymph node dissection (CLND), and

retroperitoneal or pelvic lymph node dissection were

categorized as total lymphadenectomies. Adrenalectomy

and radical excision of soft-tissue tumors were analyzed

as complex soft-tissue cases. Transanal rectal excisions

(TRE) and abdominoperineal resection (APR) were
grouped as low rectal cases. Esophageal resections and

total gastrectomy (TG) were examined as foregut cases,

and major hepatic resections and pancreatectomies

were analyzed as HPB cases.

Case classification varied slightly in the annual statisti-

cal reports. Data for major lymphadenectomy, pelvic

lymph node dissection, adrenalectomy, radical excision

of soft-tissue tumors, and major hepatic resections are
listed consistently throughout reports from graduating

years 2000 to 2016. Average numbers for pancreatic

resections are divided into 3 subcategories including

total pancreatectomy, Whipple procedures, and distal

pancreatectomies from graduating years 2000 to 2004

and from 2010 to 2016, but were reported as a compos-

ite measure from 2005 to 2009. Reports from 2000 to

2004 and 2010 to 2016 list esophagectomy and esopha-
gogastrectomy as separate cases, and are grouped for

analysis. Reports from 2005 to 2009 classify
Journal of Surgical Education � Volume 76/Number 2 � March/April 20
esophagectomies as “esophageal resection/bypass,” and

were included in our analysis. MRM, CLND, TRE, APR,

and TG are listed as separate cases in reports from years

2000 to 2004 and in 2010 to 2016, but are not listed in
2005 to 2009. This period contains 1 major mastectomy

category that also included simple mastectomies. TG

cases are not specified during the same time period, and

fall under “Other Major Stomach Operation.” Due to

lack of discrete data, case numbers for MRM, CLND,

TRE, APR, and TG for graduates from 2005 to 2009 were

not analyzed.

Since data were never collected from graduating resi-
dents on actual total work hours, estimates were calcu-

lated for average total work hours based on the

following 4 assumptions: (1) 110 hours per week prior

to the 2003 academic year, (2) 80 hours per week after

the 2003 academic year, (3) 48 total workweeks per

year, and (4) 5 full-time residency years.11 Time intervals

for dedicated research during residency were not

accounted for and were assumed to not influence case
totals. Duty-hour estimates ranged from 26,500 hours

for the 1999 to 2000 cohort to 19,200 hours for the

2008 to 2016 cohorts.

Average “Surgeon Total” numbers were analyzed as

cases per graduating resident using linear regression

assessing for temporal trends, with the null hypothesis

assuming an estimated beta coefficient (slope) of zero.

Spearman’s rho and Cusick trend tests were used to esti-
mate correlation of case trends over time. The 95% confi-

dence intervals (CIs) are provided for estimated change

in case numbers per decade. Instrumental variable (IV)

estimation was performed using 2-stage least-squares IVs

regression in order to estimate cases using total graduat-

ing duty hours less than 20,000 as an instrument.12 Sta-

tistical analysis was performed using STATA version 14

(College Station, TX). Nonhuman subject research deter-
mination was obtained from the Southern Illinois Univer-

sity Springfield Committee for Research in Human

Subjects (15-266).
RESULTS

Over the study interval, there were 17,820 graduating
chief residents, with 1172 residents graduating in 2016

compared to 989 in 2000. Across this interval, total case

numbers remained stable at 987 in 2016 and 967 in

2000. Mean “complex-oncologic cases” as defined by

the sum of total lymphadenectomies, complex soft-tis-

sue cases, foregut resections, low rectal resections, and

HPB cases, decreased from 43.5 cases per resident in

2000 to 35.1 per resident in 2016 (Table 1; rho ¡0.97;
trend test p = 0.001). Figures 1 and 2 summarize trends

in procedural volume and case complement over time.
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Across the study interval, mean case volume was 950.6

§ 29.7 (standard deviation) per graduating resident,

with 4.0 § 0.1% of cases, or an average of 38.9 § 3.1 per

resident qualifying as complex oncologic cases. Overall,
there was a significant decline in the proportion of total

logged cases that qualified as complex oncologic cases

from 4.5% in 2000 to 3.6% in 2016 (rho ¡0.97;

p = 0.001).

Decreasing trends were observed for total lymphade-

nectomies (¡7.8 cases/decade; 95% CI ¡8.8 to ¡6.8;

rho ¡0.99; p = 0.002), declining from 22 to 9.8 cases

per resident. Total complex soft-tissue resections,
including both adrenalectomies and radical excisions of

soft-tissue tumors, decreased only slightly from 5 cases

to 4.6 cases per graduating resident (¡0.2 cases/decade;

95% CI ¡0.5 to 0; rho ¡0.47; p = 0.07). Low rectal cases

decreased from 5 to 3.6 cases per graduating resident

(¡0.9 cases/decade; 95% CI ¡1.2 to ¡0.6; rho ¡0.88;

p = 0.002). There was no statistically significant change

in exposure to foregut cases (3.2 to 3.1 cases per resi-
dent; ¡0.1 cases/decade; 95% CI ¡0.2 to 0; rho ¡0.44;

p = 0.11). An increase was noted for HPB cases from 8.3

to 14.0 cases per graduating resident between 1999 and

2000, and 2015 and 2016 (+3.9 cases/decade; 95% CI

3.1-4.7; rho +0.95, p < 0.0001).

Figure 3A summarizes total cases and complex onco-

logic case totals controlled for estimated duty hours per

respective graduating class, which increased from 36.6
to 51.4 total cases per 1000 hours worked, and 1.6 to

1.8 oncology-relevant complex cases per 1000 hours

worked across the study interval. Figure 3B summarizes

totals for oncology-relevant complex cases and demon-

strates a decreasing trend in total lymphadenectomies

(p = 0.002) and an increasing trend in HPB cases (p <

0.0001). IV estimation demonstrated a modest decrease

in 5.0 oncology-relevant complex cases per decade per
resident (95% CI 4.5-5.6; p < 0.001) associated with

duty-hour restrictions below 20,000 hours per graduat-

ing resident. This was while there was an increase in

38.5 total cases per decade per resident (95% CI 10.4-

66.7; p = 0.007) associated with duty-hour restrictions.
DISCUSSION

Surgical education has undergone a broad transforma-

tion due to changes to the traditional residency para-

digm and shifting clinical practices. Implementation of

the 80-hour workweek may have had detrimental effects

on resident education by decreasing exposure to

advanced procedures, limiting continuity of care, and

decreasing autonomy.13,14 In light of these changes, our
study analyzed national trends for oncologic-relevant

cases performed by general surgery residents in order to
of Surgical Education � Volume 76/Number 2 � March/April 2019



FIGURE 1. Trends in “Surgeon Total” procedural volumes by graduating academic year for (A) modified radical mastectomies and major lymphadenecto-
mies, (B) pancreatectomies and major hepatectomies, (C) low rectal resections (APR and TRE) and foregut cases (esophagectomies and total gastrectomies),
and (D) radical soft-tissue resections and adrenalectomies.
determine whether additional oncologic fellowship

training is justified. We hypothesized that resident expo-

sure to these procedures has decreased over time reflect-

ing not only shifting practices but also structural

changes in the traditional residency model. Temporal
trends in select cases were analyzed in the context of

duty-hour reforms and case minimums for oncologic sur-

gery fellowship pathways.

We confirmed the presence of decreasing temporal

trends and low operative exposure for several complex

oncology-relevant cases, suggesting that further fellow-

ship training may be necessary to achieve technical pro-

ficiency. Notably, statistically significant decreasing
trends were noted for resident exposure to major lym-

phadenectomies, MRMs, and low rectal cases. The aver-

age case numbers remained largely unchanged and quite

low for complex foregut cases over the study period.

Despite a slight increase of resident exposure to adrena-

lectomies from 1.4 to 1.9 cases over the study, the mean

remains low. An increase was noted in HPB cases, with

residents performing approximately 8 pancreatic and 5
hepatic resections during residency in 2016.
Journal of Surgical Education � Volume 76/Number 2 � March/April 20
The decline in overall exposure to certain cases is

likely a result of practice changes including greater use

of sentinel lymph node biopsies, increased nodal obser-

vation in melanoma, and increased utilization of primary

chemotherapy in stage IV rectal cancer.15-18 In addition,
increased centralization to tertiary centers as well as

improvements in medical management for peptic ulcer

disease has likely contributed to low overall resident

exposure to resectional foregut procedures.19,20 These

findings not only demonstrate the evolving practices

within general surgery, but also reveals limited exposure

to complex oncologic procedures during residency

training. Several studies reflect these deficiencies as a
significant proportion of graduating residents do not feel

comfortable performing adrenalectomies, TREs, APRs,

esophagectomies, and HPB procedures.6,21-23 Table 2

compares minimum case requirements for completion

of training across various oncologic subspecialty surgical

fellowships with general surgery residency, highlighting

differences in not only case complement and number,

but varying emphasis on learning multidisciplinary care
through case presentations.24-27
19 381



FIGURE 2. Average graduating resident case volume by procedural categories.
When controlling for estimated work hours of gradu-

ating residents, Figure 3A demonstrates that average

case numbers have increased but may have reached a

plateau at 50 cases per 1000 duty-hours (960 cases per-

formed per 19,200 hours worked during a 5-year resi-
dency). There was an increase from 36.6 to 51.4 in total

cases per 1000-hours worked, and 1.6 to 1.8 oncology-

relevant complex cases per 1000-hours worked across

the study interval. Our examination of total case volume

controlled for estimated work hours reveals that case

numbers dropped acutely but later rebounded as pro-

grams adapted to duty-hour reforms, a finding confirmed

by Drake et al.28 However, in contrast, this recovery is
not nearly as promising upon review of the oncology-rel-

evant procedures, which remained virtually the same

across the study interval. While total case number may

have recovered secondary to more effective time utiliza-

tion by residents, our findings suggest that residency

programs have been less successful in adapting to the

effects of duty-hour restrictions in regards to operative

exposure to complex oncologic cases, possibly due to
changes in surgical indication.

Our analysis of resident case volume in the context of

changing practices, duty-hour reforms, and oncologic

surgery fellowship case minimum requirements reflect a
382 Journal
shifting role of the general surgeon. Resident exposure

to more common oncologic procedures like colon resec-

tions and partial or simple mastectomies was not specifi-

cally addressed by this study but will likely remain

sufficient, and we foresee that general surgeons will be
expected to remain critical in the management of major-

ity of such cancer patients. However, the average gradu-

ating general surgeon may not be sufficiently equipped

to perform some of the complex oncologic procedures

examined in this study based on numbers alone. Since

duty-hour reform, surgical training has demanded com-

petency over a broader domain of procedures while con-

currently offering less training time and autonomy.29

Moreover, open approaches have decreased to 4% of all

cholecystectomies, plummeting from an average of 70

per chief to 3.6, necessitating other approaches to teach-

ing techniques such as choledochoscopy and common

bile duct explorations.30-32 With decreasing exposure to

open cases, the technical learning curve particularly for

complex oncologic procedures may extend into junior

faculty years as operative volume and experience corre-
lates with procedural confidence.33

Fellowship programs have proliferated to accommo-

date these demands. In addition to developing technical

proficiency using case volume as a surrogate metric,
of Surgical Education � Volume 76/Number 2 � March/April 2019



FIGURE 3. Linear regression for temporal trends of cases completed by graduating surgical residents from 2000 to 2016. (A) Total cases and complex
oncology-relevant case totals are divided by estimated number of duty hours completed at graduation to provide cases per 1000 work-hours over time. (B
Complex oncology-relevant case totals, total lymphadenectomies, and HPB cases are reported as average counts over time. Gray shading indicates 95% con
fidence intervals.
many fellowship-training paradigms (including breast

oncology and CGSO) also aim for comprehensive expo-

sure to the multidisciplinary management of cancer by

including nonoperative rotations in medical oncology,

radiation oncology, and pathology. While fellowships

would serve as additional time to make up for the
“estimated 20% lost hours” resulting from duty-hour

restrictions, they offer the opportunity for the trainee to

focus and better understand the complexity of delivery

and timing of cancer therapies, as well as hone confi-

dence to become leaders of multidisciplinary teams. In

addition to increasing case volume, fellowships may also

shift exposure toward more complicated cases. How-

ever, fellowships have burdens including the impact of
delaying entry into clinical practice on student debt.34

There are several limitations to this study. Case logs

are subject to recall and reporting bias, which may lead

to underestimation of cases performed and overall oper-

ative experience.35,36 Moreover, resident case logs do

not differentiate between oncologic and nononcologic

cases. Cases were selected based on relevance to onco-

logic procedures with the assumption that cases with
potentially nononcologic indications would promote

development of transferable skills and experience for

performing cancer-related procedures. This assumption

has the potential to overestimate resident experience

with cancer-related procedures. While there were miss-

ing case logs for select procedures like MRM and APR

from 2005 to 2009, the analysis was based on linear

trends and regression slopes from graduating years 2000
to 2016, so point estimates and CIs are still able to be

provided. In addition, while we modeled with an esti-

mated 80-hour workweek starting in July 2003, residents
Journal of Surgical Education � Volume 76/Number 2 � March/April 2019 383
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may have been delayed in this transition, and may now

be working less hours with more efficient use of physi-

cian extenders. In addition, it is not clearly known how

much time the average surgical resident spent working

(or residing in hospitals) prior to July 2003, although

this is assumed to be over 100 hours per week in many
programs,37,38 particularly if call varied between every

3 days to every 2 days with minimal days off per month.

Finally, we were not able to directly compare general

surgery resident case logs concurrently with colorectal

surgery or CGSO resident case logs as these are not pub-

licly available, so are unable to determine the influence

of competing fellowship and residency programs on

general surgery resident case numbers.
Of emphasis is the value of honing the development

and maturation of clinical competence of the oncology

trainee, with a focus on gaining a better understanding

of tumor biology and how that dictates clinical manage-

ment. Efforts to re-evaluate minimum case numbers are

underway for CGSO training programs, but this will be

through a combination of traditional case numbers

(n = 240 minimum), as well as “multidisciplinary cases”

(n = 120), where the trainee will log their involvement

in multidisciplinary tumor board discussions.9 With

refinements to general surgery training programs

using milestones and entrustable professional activi-

ties , we see an important focus in measuring compe-

tency in individual residents beyond time and case

volume.2,39,40 Ultimately, a balance must be found

between training specialists who can competently

manage the uncommon and complex, and training a

much larger body of general surgeons who will



TABLE 2. Minimum Case Requirements for Oncologic Surgery Fellowships and General Surgery Residency16-19

Major Oncologic Cases
Breast
Surgery

Colorectal
Surgery HPB

General
Thoracic Complex General Surgical Oncology General Surgery

Partial mastectomy 50
Total mastectomy 40 40 breast cases with 25 multidisciplinary

case presentations
40 breast cases with 5
mastectomies and 5

axillary cases
Axillary sentinel node biopsy 50 NA NA NA
Completion axillary node dissection 5

Transanal rectal excision 10 50 non-HPB gastrointestinal oncology cases
with 25 multidisciplinary case presentations

180 alimentary tract
casesz

Abdominoperineal resection NA 5
Pelvic node dissection 30 with 20 rectal

cancer dissections
Esophagectomy NA 20y

Total gastrectomy
Major hepatectomy 25 NA 35 major HPB cases with 25 multidisciplinary

case presentations
5 liver cases

Pancreatectomy 25* 5
Radical soft-tissue resection NA 30 melanoma and soft-tissue sarcoma cases 25 skin and soft-tissue

casesx

*HPB fellowships also require 15 major biliary tract procedures in addition to 25 major hepatic resections and 25 major pancreatic procedures.
†General thoracic residency requires 35 esophageal procedures comprising 20 esophagectomies, 10 benign esophageal cases, and 5 hiatal/paraesophageal hernia cases.
‡General surgery residency requires 180 total alimentary tract cases with no specific requirements for major oncologic cases. 5 esophagus, 15 stomach, 25 small intestine, 40 large intestine, 40 appen-
dix, and 20 anorectal cases are required.
§General surgery residency requires 25 total skin and soft-tissue cases with no specific requirements for oncologic relevance.
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remain critical for managing the majority of cancers

faced by our urban and rural populations.
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