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Although barriers to granting surgical residents autonomy in the operating room are well
described, few have proposed practical strategies to overcome these barriers. Our department
adopted a multidisciplinary approach to develop a rotation that aimed to grant chief residents
structured operative autonomy. In this study, we assess the feasibility of implementation,
impact on patient safety, and educational benefit to residents after the program’s pilot year.
During a 1-month rotation, chief residents began cases alone using their own operative block
time. The attending surgeon was notified when the critical portion of the operation was reached
and supervised its completion. Postoperative complications, intraoperative adverse events, read-
missions, operation duration, and length of stay in a subset of patients that underwent a cho-
lecystectomy or appendectomy were compared with patients operated on by standard resident
services. Follow-up surveys were administered to residents 1 year after graduation.

One hundred and twenty-four operations, which ranged in complexity, were performed by
chief residents. Unadjusted subset analysis comparing the structured operative autonomy
(n = 54) and standard resident (n = 718) services outcomes for appendectomies and cho-
lecystectomies revealed no significant differences in 30-day postoperative complications
(5.6% vs 4.0%; p = 0.59), major intraoperative adverse events, or readmissions (3.7% vs
3.8%; p = 1.00), respectively. Multivariate analysis performed for 30-day complications
(odds ratio 0.8; 95% CI 0.2 to 3.2; p = 0.76) and readmissions (odds ratio 0.4; 95% CI 0.1
to 2.1; p = 0.3) corroborated unadjusted findings. All participants (n = 8) strongly agreed
that the rotation eased their transition to fellowship or independent practice.

Structured operative autonomy overcomes known barriers to granting chief residents autonomy in
the operating room. When used for select general surgery cases, resident education is enhanced
without impacting patient outcomes. This training model has the potential to improve the sur-
gical independence of graduating residents. (J Am Coll Surg 2017;225:713—724. © 2017 by the
American College of Surgeons. Published by Elsevier Inc. All rights reserved.)
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“The Churchill Plan” for resident development, which influ-
enced the restructuring of graduate surgical education in the
mid-20th century, sought to ensure the training of a highly
skilled surgical workforce that could meet the needs of soci-
ety.”” Dr Edward Churchill’s curriculum centered around a
“rectangular surgical residency” and changes in educational
philosophy that produced a larger number of fully trained sur-
geons each year.' His fundamental principles have withstood
the test of time, but the structure of residency training has
inevitably evolved to align with work-hour restrictions, super-
vision regulations, reimbursement practices, advances in
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technology, and the increase in surgical sub-specialization.'*
Although Dr Churchill’s system found early success when
its graduates responded to our nation’s high surgical demands
after World War II, the abilities of our current graduating res-
idents to operate independently have been called into ques-
tion.”” For example, in a survey of fellowship directors in
the US, 66% of respondents believed that their incoming fel-
lows could not perform even 30 minutes of a major operation
unsupervised.” This nationwide phenomenon in surgical ed-
ucation is multifactorial, but the overall decrease in resident
operative autonomy is likely a major factor.*>*"

Although Dr Churchill disagreed with Dr William Hal-
sted’s “pyramidal program,” both visionaries espoused the
principle of graded responsibility to ensure their graduating
chief residents acquired enough operative autonomy to
become independent surgeons and educate their successors.'
Recent studies have shown that the level of intraoperative au-
tonomy given to residents is considerably less than what both
faculty and trainees deem appropriate and that the number of
teaching cases chief residents perform is decreasing.'""
Teman and colleagues™ surveyed attending surgeons across
muldple institutions and found that a greater emphasis on pa-
tient outcomes, a desire to increase case efficiency, and both
patent and institutional expectations of attending surgeon
involvement, were the greatest barriers to granting resident au-
tonomy in the operating room. Despite recognition of these
hurdles, there is a paucity of practical strategies that institu-
tions could adopt to enhance resident operative autonomy.

The Massachusetts  General Hospital,  where
Dr Churchill’s method was first implemented and
refined, is not immune to the pressures of the modern
era.'” In response to concerns from its trainees, the Depart-
ment of Surgery led a multidisciplinary team, including all
members of the operating room, to design a rotation that
provided surgical residents with structured operative au-
tonomy. This rotation grants chief residents the highest
level of independence allowable in our current medicolegal
climate for core general surgery operations. In its develop-
ment, the previously identified barriers to granting auton-
omy were considered and steps were taken to overcome
them. This study describes our pilot-year experience,
including both intraoperative and postoperative patient
outcomes, and the impact of this rotation on resident edu-
cation. We hypothesized that there would be an increase in
the duration of the procedures but no significant differ-
ences in postoperative outcomes between the structured
operative autonomy and the standard resident services.

METHODS
Study design and outcomes

The rotation was piloted from September 2014 to June
2015. Operative cases were logged in a database

maintained by the residents on service. The primary end
point measured was the 30-day postoperative complica-
tion rate, as defined by the American College of Surgeons
NSQIP." Secondary outcomes included the 30-day mor-
tality rate, 30-day all-cause readmission rate, 30-day
procedure-related emergency department visits, operative
time, estimated blood loss, major intraoperative adverse
events (iAEs), and hospital length of stay. A detailed sub-
set analysis was performed to compare primary and
secondary outcomes of the 2 most common
intra-abdominal procedures (appendectomy and cholecys-
tectomy) with institutional controls. The institutional
control cohort included patients who underwent appen-
dectomy or cholecystectomy by the same group of
attending surgeons during the years 2013 to 2015, while
operating with a resident on their standard service. These
cases were subdivided as laparoscopic or open based on
intention to treat. Chief residents who completed the ser-
vice were administered surveys after their first year of
fellowship or independent practice to assess the impact
that the structured operative autonomy rotation had on
preparing them to operate independently. This study
was approved by the IRB of the Massachusetts General
Hospital (2015P001836).

Structured operative autonomy service

The logistics of the structured operative service were
determined by a multidisciplinary team composed of
members of the Department of Surgery, Department of
Anesthesiology, perioperative nursing, and our hospital’s
legal team. The service was staffed by a rotating chief resi-
dent in their fifth post-graduate year (PGY) together with
a PGY3 resident who assisted them in the operating room
and served as the primary surgeon when the chief resident
deemed it to be an appropriate teaching case. The PGY3
resident was also responsible for inpatient orders, docu-
mentation, and managing our resident minor surgery
outpatient clinic, described previously.”” Faculty partici-
pation in the service was optional. The attending surgeons
of record were ultimately composed of a core group of
surgeons from the division of general and gastrointestinal
surgery with a vested interest in promoting structured
resident operative autonomy. The practice of these faculty
members included general, oncologic, colorectal, endo-
crine, thoracic, minimally invasive, and hepatopancreati-
cobiliary surgery. If there were no operations booked for
the structured operative autonomy service on a particular
day, both the PGY5 and the PGY3 were separately
assigned cases from our standard resident services to
augment their educational experience throughout the
month (these cases were not considered part of the struc-
tured operative autonomy service).
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Patients were admitted to the structured operative au-
tonomy service in 1 of 3 ways. First, faculey members
identified patients from their elective practices that they
thought would be ideal candidates for this service or
who would have otherwise had prolonged wait times if
scheduled electively in their own operative block. Second,
emergency department and inpatient consultations for the
division of general and gastrointestinal surgery were
directed toward the residents of the structured operative
autonomy service. Finally, the contact information for
our resident minor surgery clinic was provided to the
emergency department and referring providers as a clinic
in which patients could be seen for common general sur-
gery problems in an expedited fashion. If the chief resi-
dent or attending surgeon believed that the case was too
complex for the service, the patient was admitted to the
attending surgeon’s standard specialty service. In addition
to patients who required an operation, the chief resident
also admitted cases for nonoperative management (ie
small bowel obstructions) or any readmissions of patients
who were discharged from the service previously.

The structured operative autonomy service residents were
given their own operative block tdme 2 full days per week,
which did not impact the historic case time of the attending
surgeon of record, and urgent or semi-elective cases could be
added to the waitlist any day during the week. If operations
were not scheduled using this block time by the evening
before the operative date, the room was opened to other sur-
geons and waitisted cases to avoid wasting resources. The
chief resident ultimately controlled which patients were
added to the operative block time. The attending surgeon
of record, along with the chief resident, obtained the
informed consent. Through a full disclosure discussion
with the patient, they explained the skill level of the chief
resident, the importance of allowing them to have structured
autonomy in the operating room before graduating, and that
although the resident would begin and finish the operation
independently, the attending surgeon would be scrubbed to
supetvise the critical portion of the procedure.'*"” Before the
start of the case, each attending informed the chief resident
of the steps they deemed the critical portion of the proced-
ure. Residents began the operations without direct attending
supervision. The circulating nurse informed the attending
surgeon when the critical portion of the operation was
reached, at which time they scrubbed to supervise its
completion. The attending surgeon was otherwise immedi-
ately available if the residents could not proceed to the crit-
ical portion of the procedure themselves, and was not
involved in concurrent operations during this time.

Postoperatively, patients were admitted to the struc-
tured operative autonomy resident service. The chief resi-
dent determined the daily plan, which was discussed with

the attending surgeon of record, who later rounded on the
patient. The patient’s postoperative visit was conducted in
the attending surgeon’s clinic and residents were encour-
aged to be present for follow-up visits to maintain conti-
nuity of care, if their future service obligations allowed.
However, given the complex logistical challenges that
must be overcome to maintain high levels of resident con-
tinuity of care, this was not a primary goal of our study
and was not tracked.'®'® Any complications were dis-
cussed at the weekly departmental morbidity and mortal-
ity conference. Finally, the Centers for Medicare and
Medicaid Services Manual System states that for a teach-
ing physician to bill for a surgical procedure, they must be
responsible for the preoperative, operative, and postoper-
ative care of the beneficiary, present for the critical
portion of the procedure, and immediately available
throughout the remainder of the operation.” These
criteria were met, as discussed previously, and all opera-
tions were billed under the attending surgeon’s name.

Data collection

Demographic, intraoperative, and outcomes data were
extracted from clinical databases at our institution and
linked through unique patient identifiers to form a de-
identified database. Intraoperative data were retrieved
from the Anesthesia Information Management System,
which includes the following data elements: length of
operation (defined as intubation time to extubation
time), estimated blood loss, case scheduling status (elec-
tive vs non-elective), and preoperative BMI. If estimated
blood loss was recorded as minimal, it was entered as 5
mL for the purposes of our analysis. Non-elective cases
were those that were added to the operating room waitlist
within 24 hours, usually as the result of an inpatient/
emergency department consultation. Demographic and
outcomes data were derived from billing codes in the
Research Patient Data Registry, a centralized clinical
data registry that gathers data from hospital legacy systems
for research. Key outcomes measures were verified by
manual chart review. The severity of pre-procedure co-
morbid disease was scored and analyzed using the Charl-
son Comorbidity Index.” Postoperative length of stay was
defined as the number of days after the operation until
discharge or, for complex patients on other inpatient ser-
vices, the number of days undil the surgical problem had
resolved and the surgery team signed off.

Operative reports were reviewed manually to determine
postoperative diagnosis listed by the surgeon, wound clas-
sification, and major iAEs. In terms of cholecystectomy
postoperative diagnoses, a pancreaticobiliary complication
was defined as a preoperative episode of choledocholithia-
sis, cholangitis, or gallstone pancreatitis. An iAE is defined
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as an injury that occurs during an operation, and they are
classified per a validated classification system.”"** Major
iAEs have been associated with a substantially increased
rate of postoperative morbidity and mortality, and are
defined as class 3, 4, or 5, for which repair necessitated tis-
sue/organ resection, reconstruction, or reoperation within
7 days.”

Electronic surveys were administered to chief residents
who had completed the service to gauge the impact it had
on preparing them to operate independently. Surveys
were administered immediately after completion of their
first year of fellowship or independent practice. Comple-
tion was voluntary and questions were answered using a 4-
point Likert scale.

Statistical analysis

Unadjusted comparisons were made using chi-square test
for categorical data and Student’s #test for continuous
data. Unless otherwise noted, results are reported as me-
dian (interquartile range [IQR]) and frequency (percent).
An adjusted analysis was performed with logistic and
linear regression for categorical and continuous outcomes
variables, respectively. Regression models were adjusted
for having the operation performed by the structured
operative autonomy service, age, sex, race, BMI, Charlson
Comorbidity Index, case scheduling status, smoking sta-
tus, operation type, and wound classification. The impact
of receiving care on the structured operative autonomy
service is reported for each dependent end point. A
random resampling technique, specifically bootstrap
bagging, was used to assess the stability and accuracy of
our multivariate models, given our limited sample. Boot-
strap bagging was performed with repeated samples of 20
to 100 observations, with repeated samples of 100 obser-
vations selected with replacement from the original set ob-
servations. The 95% Cls for the bootstrap resampling
models were reported. Statistical analysis was conducted
using Intercooled STATA software, version 13.1 (Stata-
Corp). Statistical significance was accepted at p < 0.05.

RESULTS

Eight chief residents and 10 PGY3 residents rotated onto
the structured operative autonomy service during the 10-
month pilot period. A total of 124 operations were per-
formed, spanning multiple organ systems and degrees of
complexity (Fig. 1A). The 2 most common operations
were cholecystectomies (laparoscopic n = 34, open
n = 5) and appendectomies (laparoscopic n = 15, open
n = 0). Faculty participation (n = 13) and case volume
increased as the study period progressed, with the largest
number of operations performed during the eighth month

(n = 28) (data not shown). Primary outcomes were deter-
mined for the collective group of cases (Fig. 1B). Eleven
patients (8.9%) had a postoperative NSQIP complication
within 30 days, and there were no 30-day postoperative
deaths.

Given the heterogeneity of the operations and differ-
ences in their baseline rates of morbidity, a subset analysis
of appendectomies and cholecystectomies was performed
to assess impact on patient outcomes. This subset (n =
54) was compared with an institutional control cohort
(n = 718) of patients operated on by the same group of
attending surgeons assisted by a resident on our standard
surgical rotations. It is important to remember as the re-
sults of the subset analysis are reviewed that although it
includes the 2 most common operations, it is only 54
of the 124 operations performed during the entire pilot
period. Many of the operations that were excluded from
this analysis were more complex and, although they
contributed greatly to resident education, the number of
similar cases was too low to perform a meaningful out-
comes analysis.

Preoperative variables

A comparison of preoperative variables, including demo-
graphics, risk factors, and case scheduling status between
the structured autonomy and standard service, is pre-
sented in Table 1. The number of non-elective cases per-
formed by the structured autonomy service was
significantly higher when compared with the standard
resident services (79.6% vs 16.7%; p < 0.001). Non-
elective cases were typically the result of an inpatient or
emergency department consultation. There were no sig-
nificant differences in patient demographics or risk factors
between groups.

Intraoperative variables

Intraoperative unadjusted variables were analyzed by
intention to treat (Table 2). There were no major iAEs
in any of the structured operative autonomy cases. Lapa-
roscopic appendectomy was performed for acute appendi-
citis most often in both groups (¢Table 1). With regard to
laparoscopic cholecystectomies, the structured autonomy
service operated more often for acute cholecystitis
(44.1% vs 11.2%; p < 0.001) compared with the stan-
dard service (¢Table 1). This resulted in a higher percent-
age of contaminated wound classifications (structured
autonomy 58.9% vs standard service 22.7%;
p < 0.001). The structured autonomy service had a
longer median operative time (111 minutes vs 66 mi-
nutes; p < 0.001) and a slightly higher median blood
loss (20 mL vs 5 mL; p = 0.047) compared with laparo-
scopic cholecystectomies performed on the standard
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Small Bowel Resection (5)
Adhesiolysis (3)
lleostomy Closure (3)
lleostomy (2)
Large Intestine (n=33] Jejunostomy (1) Hepatopancreaticobiliary_ (n=43)
Open Open
Colostomy (4) Cholecystectomy (5)
Partial Colectomy (8) Hepaticojejunostomy (1)
Subtotal Colecotmy (2) Pancreatic Cyst Enucleation (1)
Coloproctectomy (1)
Laparoscopic
Laparoscopic Cholecystectomy (34)
Appendectomy (15) Hepatic Cyst Fenestration (1)
Colostomy (2) Hepatic Segmentectomy (1)
Partial Colectomy (1)

Soft Tissue Mass Excision (11)

. Gastrojejunostomy (1)
Sarcoma Resection (3) /
Excisional Biopsy (2) Anal Fistulotomy (1)
Pilonidal Excision (1) Open ‘ . Laparoscopic
Ventral Hernia Repair (4) Laparoscopy +/- Biopsy (4)
Inguinal Hernia Repair (4) Nissen Fundoplication (1)
Parastomal Hernia Repair (1)
Laparoscopic
A Ventral Hernia Repair (1)
Unadjusted Primary Outcome (n=124), n (%)
30-Day NSQIP Complication 11(8.9)
30-Day Inpatient Readmission 9(7.2)
30-Day Emergency Department Visit 7 (5.6)
B |_30-Day Mortality 0(0)

Figure 1. (A) Description of the operations performed on the structured operative autonomy
service during the pilot year classified by organ system and (B) overall rates of 30-day NSQIP
complications, inpatient readmission, emergency department visits, and 30-day mortality.

services. Three non-urgent conversions occurred on the
structured autonomy service after discussion with the
attending surgeon, and all were due to poor visibility
from inflammation or adhesions. There were no signifi-
cant differences in the duration of the operation or esti-
mated blood loss between groups for either laparoscopic
appendectomy or open cholecystectomy.

Postoperative outcomes

Univariate postoperative outcomes are presented in
Table 3. There was no significant difference in the rate
of 30-day postoperative complications between the
groups (5.6% structured autonomy vs 4.0% standard ser-
vice; p = 0.59). The rates of 30-day inpatient readmission
(3.7% vs 3.8%; p = 1.00), 30-day emergency department
visits (5.6% vs 6.6%; p = 0.78), and 30-day mortality
(0.0% vs 0.1%) were also similar between the structured
operative autonomy service and the standard services,
respectively. With regard to complications that could

result specifically from a cholecystectomy, there were no
retained common bile duct stones, bile leaks requiring
endoscopic intervention, or bile duct injuries requiring
operation during the first 90 days for patients operated
on by the structured autonomy service (¢Table 2). Finally,
postoperative length of stay was similar between the struc-
tured autonomy and standard services for elective laparo-
scopic cases (median 0 [IQR 0 to 1] days vs median
0 [IQR 0 to 0] days; p = 0.27) and non-elective laparo-
scopic cases (median 1 [IQR 1 to 1] days vs median 1
[IQR 0 to 1] days; p = 0.37), respectively (¢Table 3).
However, the length of stay was significanty longer for
patients who had an open cholecystectomy performed
on the structured autonomy service (median 4 [IQR 3
to 5] days vs median 2 [IQR 2 to 4] days; p < 0.01)
(eTable 3).

Results of an adjusted analysis to determine the impact
on outcomes of having a procedure performed on the
structured operative autonomy service are presented in
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Table 1. Preoperative Patient Variables for Cholecystectomy and Appendectomy Subset Analysis

Preoperative variable Structured autonomy (n = 54) Standard service (n = 718) p Value
Demographic
Age, y, median (IQR) 47.2 (33.9—60.1) 53.3 (40.7—65.9) 0.06
Sex, female, n (%) 31 (57.4) 475 (66.2) 0.19
Race, n (%) 0.64
White 38 (82.6) 545 (84.8)
Black 2 (4.4) 18 (2.9)
Hispanic 1(.2) 20 (3.1)
Asian 1(2.2) 30 (4.7)
Other 4 (8.7) 30 (4.7)
Insurance status, n (%) 0.84
Private 40 (74.1) 494 (68.9)
Medicare 10 (18.5) 173 (24.1)
Medicaid 4 (7.4) 44 (6.1)
Self-pay 0 (0) 3 (0.42)
Other 0 (0) 3 (0.42)
Risk factor
Charlson Comorbidity Index, median (IQR) 3 (3—6) 3 (3—5) 0.94
BMI, kg/mz, median (IQR) 27.5 (23.7—31.5) 27.7 (24.3—32.1) 0.96
Smoking status, n (%) 0.38
Current 4 (7.4) 53 (7.4)
Former 12 (22.2) 222 (31.0)
Never 38 (70.4) 442 (61.6)
Case scheduling, n (%)
Non-elective 43 (79.6) 120 (16.7) <0.001

IQR, interquartile range.

Tables 4 and 5. This analysis confirmed our unadjusted
findings showing no significant differences in postopera-
tive morbidity and mortality. Operative time remained
significantly higher with structured autonomy; however,
this difference decreased to 22 minutes after adjustment
(p < 0.001). Additionally, patients remained in the hos-
pital 0.8 days longer compared with the standard services
(p = 0.001). There was no significant difference in esti-
mated blood loss after adjustment. A bootstrap analysis
was performed that validated all multivariate findings,
except postoperative length of stay, in which significance
was lost.

One-year follow-up survey

Survey results are presented in Table 6. Overall response rate
was 100% (n = 8), 12.5% of respondents were female, and
mean age was 36 years. Seventy-five percent of respondents
planned to have a future practice that included general sur-
gery operations when they participated in the service, and
75% of respondents still performed general surgery opera-
tions after their first year of fellowship or independent prac-
tice (data not shown). Participants believed that the rotation
eased their transition to practice by increasing their self-

awareness of technical strengths and weaknesses, confidence
in performing operations, ability to lead an operating room
team, and effectiveness of intraoperative teaching to trainees.
Representative optional comments included that “the auton-
omy was priceless” and that the experience “is essential to
training.”

DISCUSSION
The modern-day landscape of healthcare and graduate

surgical education precludes chief residents from attaining
the same level of operative autonomy that was granted by
Dr Churchill and his contemporaries. Previous studies
have identified important barriers to operative autonomy,
as well as the factors that lead to progressive entrustment
by faculty.'>** However, steps must be taken at an institu-
tional level to provide chief residents with an autonomous
experience that is acceptable within the confines of our
current system. Kantor and colleagues™ recently described
a resident acute care surgery service that increased resident
operative autonomy and the number of teaching cases
logged by chief residents, but patient outcomes were
not assessed. In the current study, we have demonstrated
the successful implementation of a service that provides



Vol. 225, No. 6, December 2017 Wojcik et al Structured Operative Autonomy 719

Table 2. Unadjusted Intraoperative Variables by Intention-to-Treat Subset Analysis

Operation Structured autonomy Standard service p Value
Laparoscopic appendectomy, n 15 52
Conversion, n (%) 0 (0) 0 (0)
Major iAE, n (%) 0 (0) 0 (0)
Operation duration, min, median (IQR) 68 (58—81) 61 (49—75) 0.27
Estimated blood loss, mL, median (IQR) 5 (5—20) 5 (5—10) 0.79
Wound class, n (%) 0.23
Clean-contaminated 2 (13.3) 17 (32.7)
Contaminated 12 (80) 29 (55.8)
Dirty 1 (6.7) 6 (11.5)
Laparoscopic cholecystectomy, n 34 631
Conversion, n (%) 3 (8.8) 22 (3.5) 0.11
Intraoperative reason for conversion, n (%) 0.71
Poor visibility 3 (100) 21 (95.5)
Vascular injury 0 (0) 0 (0)
Gastrointestinal tract injury 0 (0) 1 (4.6)
Hepatobiliary injury 0 (0) 0 (0)
Major iAE, n (%) 0 (0) 2 (0.3) 0.74
Operation duration, min, median (IQR) 111 (82—134) 66 (49—86) <0.001
Estimated blood loss, mL, median (IQR) 20 (5—50) 5 (5—10) 0.047
Wound class, n (%) <0.001
Clean-contaminated 13 (38.2) 485 (76.8)
Contaminated 20 (58.9) 143 (22.7)
Dirty 129 3 (0.5)
Intraoperative cholangiogram, n (%) 2 (5.9 27 (4.3) 0.66
Open cholecystectomy, n 5 35
Major iAE, n (%) 0 (0) 0 (0)
Operation duration, min, median (IQR) 103 (70—104) 60 (50—96) 0.27
Estimated blood loss, mL, median (IQR) 300 (100—500) 100 (25—300) 0.47
Wound class, n (%) 0.04
Clean-contaminated 0 (0) 17 (48.6)
Contaminated 5 (100) 18 (51.4)
Dirty 0 (0) 0 (0)
Intraoperative cholangiogram, n (%) 0 (0) 0 (0)

iAE, intraoperative adverse event; IQR, interquartile range.

chief residents with structured operative autonomy  this autonomous experience in preparing them to func-
without negatively impacting patient outcomes. After  tion independently in an operating room. The success
reflecting on their first year of fellowship or practice, of our program was contingent on a multidisciplinary
our graduates overwhelmingly confirmed the value of  institutional —approach to overcoming previously

Table 3. Unadjusted Postoperative 30-Day Outcomes for Cholecystectomy and Appendectomy Subset Analysis

Structured autonomy Standard service
(n = 54) (n = 718)
Postoperative outcomes n % n % p Value
30-day NSQIP complication 3 5.6 29 4 0.59
30-day inpatient readmission 2 3.7 27 3.8 1.00
30-day emergency department visit 3 5.6 47 6.6 0.78
30-day mortality 0 0 1 0.1 —
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Table 4. Adjusted Outcomes for Categorical Dependent Postoperative Outcomes

Dependent categorical outcomes* 0Odds ratio 95% CI p Value' Bootstrapped 95% cr
30-day NSQIP complication 0.8 0.2—3.2 0.76 0.1—4.5
30-day inpatient readmission 0.4 0.1-2.1 0.30 0.1-1.5
30-day emergency department visit 0.7 0.2—2.4 0.52 0.2—2.3

*Adjusted by resident case, age, sex, race, BMI, Charlson Comorbidity Index, non-elective case status, smoking status, operation type, and wound class.
Tp Values displayed are associated with the independent multivariate analysis (not the subsequent bootstrap analysis).
'CI values from adjusted categorical bootstrap analysis were not statistically significant.

recognized barriers to granting operative autonomy to res-
idents, in addition to faculty support through endorse-
ment and participation of our department chair and
program director.

The concern for patient safety has been the major
impetus for decreasing resident autonomy across all grad-
uate medical education and has been identified as one of
the greatest barriers to granting operative autonomy to
surgical residents.””** A review of the literature shows
conflicting evidence on patient outcomes when residents
are involved in operations.”””” However, the vast majority
of these studies are not able to determine the level of au-
tonomy that residents are given during the operation. In
our study, the level of operative autonomy is clearly
defined. Although we were unable to perform a detailed
analysis of all procedures, given their heterogeneity, the
overall mortality, complication, and readmission rates
appeared to be consistent with predicted ranges, consid-
ering the case mix.”® Subset analyses showed no significant
differences in mortality, morbidity, readmission rates, or
estimated blood loss for those procedures performed on
the structured operative autonomy service compared
with those performed on the standard resident services.
These findings are consistent with our initial hypothesis,
and we attribute this to the fact that chief residents are
highly trained as they enter their final year of residency,
the attending surgeon is always present and scrubbed
for the critical portions of each case, and appropriate cases
are selected for the rotation.

Although morbidity and mortality were unchanged be-
tween the structured autonomy and standard resident ser-
vices, we did observe increased operative times in patients
operated on by the structured autonomy service. Resident
involvement has been associated with increased operative

times in multiple studies, and we hypothesized that the
high level of resident operative autonomy on this service
would undoubtedly lead to similar outcomes.*”*' The un-
adjusted difference was significant with the laparoscopic
cholecystectomies and is likely due to the chief resident
leading the PGY3 through the case and having them
perform a careful dissection. In addition, resident cases
were more likely to be non-elective due to acute cholecys-
titis, which might have resulted in a more difficult dissec-
tion. Despite this difference, however, laparoscopic
cholecystectomies were still completed in less than 2 hours
from intubation to extubation and, after adjustment, the
structured operative autonomy cases were only 22 mi-
nutes longer in duration compared with those performed
on the standard resident services. This short increase in
operative time likely does not have a significant clinical
impact on the patient and is justified by the overwhelming
educational benefit noted by residents, given that there
were no major iAEs or differences in postoperative
outcomes.

Hospital length of stay was also increased in patients
who underwent operations on the structured operative au-
tonomy service. Although this was most pronounced in
the open cholecystectomy group, adjusted analysis of
the entire subset showed that patients stayed, on average,
0.8 days longer in the hospital compared with our stan-
dard surgical service. However, the significance of this dif-
ference was lost on bootstrap analysis, suggesting that the
length of stay might be closer than our data alone can pre-
dict. Increased length of stay is explained partially by the
fact that the structured operative autonomy service had a
larger number of non-elective operations. As the patient
was not anticipating a day operation, this likely prolonged
discharge due to the time of day the operation began or

Table 5. Adjusted Outcomes for Continuous Intraoperative and Postoperative Variables

Dependent continuous outcomes* Adjusted difference 95% CI p Value' Bootstrapped 95% CI
Length of hospital stay, d +0.8 0.4t 1.3 0.001 —0.7 to 2.3
Operation duration, min +21.6 12.9 to 30.3 <0.001 6.0 to 37.1°
Estimated blood loss, mL +8.1 —26.5 to 42.8 0.65 —55.0t0 71.3

*Adjusted by resident case, age, sex, race, BMI, Charlson Comorbidity Index, non-elective case status, smoking status, operation type, and wound class.
"p Values displayed are associated with the independent multivariate analysis (not the subsequent bootstrap analysis).

*Statistically significant.
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Table 6. One-Year Follow-Up Survey of Chief Resident Participants

Strongly
disagree

Survey question n %

Somewhat

disagree Somewhat agree Strongly agree

% n % n %

Compared with other chief level surgical rotations, this rotation...

Increased my self-awareness of
technical strengths and
weaknesses

100

Increased my confidence to
perform operations smoothly
and independently

100

Increased my ability to lead an
operating room team

25 6 75

Increased my ability to provide
effective intraoperative
teaching to junior residents

12.5 7 87.5

Participation improved the way in
which I prepared preoperatively
for an operation

12.5 7 87.5

I believe this experience has
helped me transition to
fellowship or independent
practice

— — — 8 100

Likert 4-point scale: strongly disagree (1 point),

the comfort level of the patient. Although the median
length of stay was similar for non-elective laparoscopic
operations, the structured operative autonomy service
IQR was wider. Additionally, the timing of discharge
was dictated by the chief resident, although ultimately
approved by the attending surgeon. Having increased
operative autonomy in the patient’s case, the chief resi-
dent might have been more cautious in discharging pa-
tients to ensure that there were no postoperative
complications. As we have now shown similar postopera-
tive morbidity and mortality rates compared with the
standard surgical services, and as enhanced recovery after
surgery (ERAS) protocols are becoming more common at
our institution, chief residents are encouraged to
discharge patients using a standardized approach.*

The barrier of faculty feeling pressure to expedite cases
and increase efficiency was overcome by the department
granting the structured operative autonomy service their
own operative block time and making attending participa-
tion in the service voluntary. As operative time is coveted,
our department demonstrated its commitment to this educa-
tonal initative by allowing residents to fully control 2
elective block days each week and having the ability to
add non-elective cases to the waitlist each day of the week.
To the best of our knowledge, this level of institutional
commitment has not been described in the literature.
Attending surgeons were incentivized to work with residents
during this operative time, as it allowed the completion of

somewhat disagree (2 points), somewhat agree (3 points), strongly agree (4 points).

appropriate cases that did not use their own assigned block
time, and the length of each operation was not factored into
the calculations of their own historic case times. The chief
resident ultimately chose which cases were scheduled and
with whom to staff non-elective cases, thereby protecting
the intended operative autonomy of the service by selecting
faculty that truly embraced this educational goal. Kantor and
colleagues™ used attending surgeons from the acute care sur-
gical service, however, this service is led by a PGY4 at our
institution. Therefore, chief residents targeted faculty with
whom they work closely during their final year of residency
so that this fourth-year experience with increased autonomy
on our acute care surgery service would be augmented rather
than replaced. In addition, the structured operative auton-
omy service was initiated 3 months after the start of the ac-
ademic year to ensure established working relationships to
enhance autonomy.

Finally, and most importantly, barriers related to institu-
tional expectations for attending surgeon involvement were
overcome by using a multidisciplinary committee to deter-
mine the logistics of the rotation. The service structure
agreed on ensured that all members of the operating room
team were comfortable with the level of autonomy given
to the chief resident. Specifically, by scheduling cases using
the unique block time, it was known well before the time
of incision that there would be less attending oversight.
However, structure was brought to the autonomy by
defining the critical portion of the operation before the start
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Development of rotation logistics with input from all involved disciplines
Endorsement and participation by departmental leadership

Distinct operative block time that does not impact attending surgeon efficiency
Voluntary trainee and faculty participation to select for motivated individuals
Identification of the appropriate breadth and complexity of cases

Clearly defined expectations of intraoperative attending surgeon involvement

Patient consent through a full disclosure conversation with the attending surgeon

44444444

Accurate tracking of operations, patient outcomes, and educational benefit

Figure 2. Key components for successful implementation of
structured operative autonomy.

of the case and using the circulating nurse to alert the
attending surgeon that it was time to scrub in and supervise
its completion. The Medicare claims processing manual
states that the billing physician must be present for the crit-
ical portion of the procedure, but we mandated that the
attending surgeon must also be scrubbed to supervise its
completion.” This requirement provided an extra level of
patient safety and also aided in satisfying patient expectations
of attending surgeon involvement in the operation during
the informed consent. Earlier studies have found that pa-
tients are more accepting of a higher level of resident involve-
ment when a personal conversation with the attending
surgeon occurs and they can be assured of similar
outcomes.'*'"”

We hope that this detailed account of our pilot-year
experience will help other interested surgical residency
programs create similar structured operative autonomy
experiences for their residents. This program is currently
entering its third year at our institution. One major
change made after our second year was to allow residents
to opt out of the rotation if they were entering a specialty
that did not include general surgery operations. We
found that this rotation requires the chief resident to
be highly motivated to work with surgical attendings
and consultants to ensure that an appropriate volume
of general surgery cases are booked. The highest-
volume residents typically initiated these discussions in
the weeks to months leading up to their assigned time
on the service. Therefore, this experience might not be
well suited for residents pursuing a career outside the
scope of general surgery who would prefer dedicating
this month to an elective in a field more germane to their
future practice. Although each program is likely to
encounter their own unique challenges, it is the purview
of the authors that with appropriate foresight and incor-
poration of several key components, that operative auton-
omy can be successfully enhanced for motivated residents
(Fig. 2).

There are several limitations to our study that must be
considered. First, this is the description of our pilot-year
experience at a single institution, so we have a limited
sample size. We attempted to mitigate this by performing
a bootstrap analysis, which aided in our interpretation of
the results. Second, although our institutional control
cohort is the best comparison group for the purposes of
this study, there are inherent differences in the groups
that can impact our results. Notably, the structured oper-
ative autonomy service accepted many of the inpatient/
emergency department consults, leading to a higher per-
centage of non-elective operations. Although we attemp-
ted to adjust for this, there might be variables for which
we could not account. Finally, we were not able to record
the actual amount of time that the attending surgeon was
in the operating room. However, chief residents noted an
educational benefit compared with standard services,
which suggests that the intended operative autonomy
was preserved. After reviewing our pilot-year data, our
institution has approved the service for the foreseeable
future. We are currently working to increase the volume
of elective cases scheduled on the service and will continue
to update and analyze our patient outcomes going
forward.

CONCLUSIONS

A rotation designed to provide senior surgical trainees
with structured operative autonomy overcomes previously
identified barriers to resident autonomy in the operating
room. Key components of this educational initiative
include garnering the support of the institutional leader-
ship, allowing residents to control their own operative
block time that does not impact faculty historic operative
times, and mandating that attending surgeons scrub in to
supervise the critical portion of the operation. Structured
operative autonomy enhances chief resident education
and eases their transition to practice without adversely
impacting patient outcomes. To better prepare the next
generation of surgeons for independent practice, general
surgery training programs should strive to incorporate
structured operative autonomy into dedicated chief resi-
dent rotations.
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Invited Commentary

@ CrossMark

Daniel Dent, MD, FACS
San Antonio, TX

With their work, Wojcik and colleagues demonstrated a
method for developing surgical resident operative autonomy
while providing safe patient care. The authors and the institu-
tion are to be congratulated for this development and the

resultant publication. This can serve as a model for other insti-
tutions that seck opportunities to improve the quality of the
graduates of their surgical residency programs. It is clear from
the article that a lot of thought went into the development of
the Structured Operative Autonomy Service.

I encourage readers to consider adopting this model at
their institutions, while recognizing that some modifica-
tion may be necessary for a given institution’s culture. I
also encourage readers to consider developing and sharing
other opportunities for safely enhancing resident auton-
omy so that one day in the future, we may achieve our col-
lective goal: that every graduate of every surgical residency
program is well prepared for the practice of surgery. Dr
Wojcik and the surgical educators at the Massachusetts
General Hospital are to be congratulated for their
commitment to producing high quality surgeons at their
institution. This commitment appears to be reflected in
their institution’s pass rates on the American Board of
Surgery examinations, as they are 1 of only 4 institutions
in the northeastern United States that have more than
90% of their graduates pass both the qualifying and certi-
fying examinations on the first actempt. It is not surpris-
ing to me that this is the case at an institution that takes
significant deliberate steps to enhance resident autonomy.

Disclosure Information: Nothing to disclose.
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eTable 1. Postoperative Diagnosis Listed by Operation Type
Indication for operation Structured autonomy Standard service p Value
Laparoscopic appendectomy, n 15 52 —
Acute appendicitis 15 (100) 42 (80.8) 0.07
Appendiceal tumor 0 (0) 10 (19.2) 0.07
Laparoscopic cholecystectomy, n 34 631 —
Symptomatic cholelithiasis 14 (41.1) 435 (68.9) 0.001
Acute cholecystitis 15 (44.1) 71 (11.2) <0.001
Chronic cholecystitis 3 (8.8) 65 (10.3) 0.78
Gallbladder polyp/tumor 0 (0) 19 (3.0) 0.69
Pancreaticobiliary complication 2 (5.9 41 (6.5) 0.89
Open cholecystectomy, n 5 35 —
Symptomatic cholelithiasis 0 (0) 4 (11.4) 0.43
Acute cholecystitis 3 (60) 18 (51.4) 0.72
Chronic cholecystitis 2 (40) 9 (25.7) 0.50
Gallbladder polyp/tumor 0 (0) 0 (0) —
Pancreaticobiliary complication 0 (0) 4 (11.4) 0.43
Values are n (%) unless otherwise noted.
eTable 2. 90-Day Cholecystectomy Biliary Complications
Structured Standard
autonomy service
(n = 39) (n — 666)
90-day cholecystectomy biliary complication n % n % p Value
Retained common bile duct stone requiring endoscopic procedure 0 0 5 0.8 0.59
Biliary leak requiring endoscopy procedure 0 0 3 0.5 0.67
Bile duct injury requiring operation 0 0 0 0 —
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eTable 3. Unadjusted Postoperative Length of Stay Classified as Elective Laparoscopic, Non-Elective Laparoscopic, and
Open Operations

Structured autonomy Standard service
Procedure n LOS, d, median (IQR) n LOS, d, median (IQR) p Value
Elective laparoscopic 11 0 (0—1) 577 0 (0—0) 0.27
Non-elective laparoscopic 38 1(1-1) 106 1 (0—1) 0.37
Open cholecystectomy 5 4 (3—5) 35 2 (2—4) <0.01

No open appendectomies were performed.
IQR, interquartile range; LOS, length of stay.
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