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a b s t r a c t

Background: Identifying factors associated with resident autonomy may help improve training efficiency.
This study evaluates resident and procedural factors associated with level of guidance needed in the
operating room.
Methods: Intraoperative performance and yearly performance on Fundamentals of Laparoscopic Surgery
(FLS) tasks from 74 general surgery residents were retrospectively reviewed. The effect of post-graduate
year (PGY), procedure complexity, case difficulty, intraoperative performance, and FLS task performance
were analyzed using a mixed-effects model.
Results: PGY level, procedure complexity, case difficulty, operative technique, and operative knowledge
were significantly associated with level of intraoperative guidance. In PGY2-4 residents, ratings of
medical knowledge and communication were also significantly associated with guidance. There was no
significant association between FLS performance and level of guidance for any PGY level.
Conclusions: The amount of intraoperative guidance is influenced by many factors, including resident
performance and case characteristics. FLS tasks performance was not significantly associated with
intraoperative guidance.

© 2019 Elsevier Inc. All rights reserved.
Introduction

Resident autonomy is a critical component to achieve practice
readiness upon graduation from general surgery residency.1 Mul-
tiple surveys of both general surgery residents and fellowship
program directors demonstrate a lack of resident confidence and
competence in operating independently.2e4 This lack of confidence
is partially responsible for the decision of 80% of graduating general
surgery residents choosing to enter fellowship upon graduation.2

There are numerous barriers to resident autonomy including resi-
dent preparedness and technical skills, decreased clinical experi-
ence, increased supervision requirements, and time/productivity
constraints.5e8 Furthermore, expectations of autonomy by both
residents and attending surgeons significantly surpass actual level
of autonomy granted intraoperatively for common laparoscopic
procedures such as laparoscopic cholecystectomy, laparoscopic
regon Health & Science Uni-
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appendectomy, laparoscopic partial colectomy, and bariatric
procedures.9

Less guidance provided by the attending surgeon has been used
as a surrogate for more resident autonomy in prior studies.10 The
amount of guidance provided in the operating room is inversely
proportional to resident autonomy. Multiple tools have been
developed to measure intraoperative resident level of
guidance.10e13 Our institution assesses level of intraoperative
guidance using the procedure feedback form (PFF) described by
Cook et al., 2015.14

Duty hours and patient care responsibilities also limit simula-
tion time available for residents. It is important to use simulation
time efficiently in order to optimize resident performance in the
operating room. Prior studies have demonstrated that performance
on Fundamentals of Laparoscopic Surgery15 tasks is associated with
better performance in the operating room.16,17 However, it is un-
clear whether performance on FLS tasks is associated with the level
of guidance provided to residents by an attending surgeon in the
operating room during laparoscopic cases. In order to optimize
simulation activities, it is important to determine the modifiable
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factors that influence resident autonomy. Ultimately, senior resi-
dents need to perform core basic and advanced laparoscopic pro-
cedures with minimal guidance in order to be ready to practice
without supervision upon graduation.1

Methods

This study retrospectively reviewed two types of general sur-
gery resident performance data from a single institution. We
sought to analyze factors that were associated with the amount of
attending surgeon intraoperative guidance provided, which is a
surrogate marker of resident autonomy. Factors evaluated include
intraoperative factors from Procedure Feedback Forms (PFFs) and
laparoscopic skills lab performance from Fundamentals of Laparo-
scopic Surgery (FLS) tasks.

All laparoscopic procedures were evaluated from PFFs filled out
by categorical and undesignated preliminary general surgery resi-
dents and attending surgeons in the operating room from 2013 to
2016. The PFF process has previously been described in detail by
Cook et al., 2015.14 This feedback process is initiated by the resident
after an operative case, and residents are required to submit at least
20 procedure feedback forms each year. Residents may select any
case for evaluation and feedback and may submit PFFs at any time
during the year. Data analyzed from the PFF included procedure
name, case difficulty, level of guidance, as well as attending ratings
of resident medical knowledge, operative technique, operative
knowledge, communication, and professionalism.

On the procedure feedback form, the procedure performed is
recorded as free text. Attending surgeons are asked to rank the case
difficulty as straightforward, moderately difficult, or very difficult.
Attending surgeons were then asked to rate resident intraoperative
performance in five domains (medical knowledge, operative tech-
nique, operative knowledge, communication, and professionalism)
on a continuous scale from 1 to 3 with numerical anchors set as:
1¼Needs Improvement, 2¼ Satisfactory, 3¼ Excellent. Medical
knowledge relates to resident knowledge of the patient, the disease
process, and the anatomy relevant to the case. Operative technique
relates to resident manipulation of instruments and tissue. Oper-
ative knowledge relates to familiarity with the steps of an operation
and equipment needed. Communication skills relates to commu-
nication clarity with other members of the operating team and
team leadership. Professionalism relates to respect for all members
of the operating room team and fostering a team-based approach to
patient care. Lastly, attending surgeons were asked to rate how
much guidance residents needed during the case, choosing be-
tween 3 options: little to none, moderate, and much. Only pro-
cedure feedback forms from laparoscopic cases were analyzed over
the 3-year study period. Laparoscopic cases were divided into basic
or advanced/complex, in accordance with ACGME case log
guidelines.18

Laparoscopic skills lab data included performance on the 5
Fundamentals of Laparoscopic Surgery (FLS) tasks (peg transfer,
precision cutting, ligating loop, extracorporeal suturing, and
intracorporeal suturing) after completion of a yearly four-week
skills lab course over the 3-year study period.15 Laparoscopic
skills labs are scheduled in the fall for post-graduate year (PGY)1
residents and throughout the remainder of the academic year for
PGY2-4 residents. Residents in their final year were excluded from
analysis, as they do not participate in a laparoscopic skills lab
during their chief year. Performance of each FLS task was measured
by time to complete the task plus any penalty time per FLS testing
guidelines.19 Each resident included in the study had one mea-
surement of performance on each FLS task per year during the
study period.We analyzed all five FLS tasks separately as well as the
total normalized McGill Inanimate System for Training and
Evaluation of Laparoscopic Skills (MISTELS) score each year. The
total normalized MISTELS score is a measure of overall FLS per-
formance, equally incorporating performance on each of the 5 FLS
tasks.19

All resident identifiers were removed by an independent data
manager not affiliated with the residency program, assigning each
resident a unique ID number in order to enable linking of laparo-
scopic skills to operative performance while blinding the rest of the
study team to resident performance data. This study was approved
by our Institutional Review Board.

To account for pseudo-replication in our dataset due to multiple
intraoperative performance evaluations from PFFs from the same
residents within and across post-graduate years (PGY), mixed ef-
fects regression models were used, with residents included as a
random effect (number of residents¼ 74 with 768 procedures
across four post-graduate years). We used a mixed-effects regres-
sion model to evaluate the effect of PGY level on continuous vari-
ables (attending ratings of resident intraoperative performance and
resident performance on FLS tasks) and chi-squared tests to eval-
uate the effect of PGY level on categorical variables (level of guid-
ance, procedure complexity, and case difficulty).

The primary analysis evaluated factors that were associated
with the level of guidance needed by residents in the operating
room. Both univariate analysis and multivariate analysis was per-
formed, using F-tests from mixed-effects regression models were
used to evaluate for significance in the factors evaluated. Signifi-
cance level was set at the a< 0.05 level.

Results

There were 106 residents with recorded data for attending
ratings of operating room performance, as documented on the PFF,
and of those 106, 74 residents also had laparoscopic skills lab data
from FLS tasks. In total, there were 768 PFFs with data for level of
guidance, intraoperative performance ratings, procedure
complexity, and case difficulty. The number of PFFs per resident per
year varied, ranging from 1 to 21. Therewas variation in the number
of PFFs per resident per year due to residents being able to submit
more than 20 PFFs per year and the fact that not all cases submitted
on PFFs were laparoscopic cases. Across all PGYs, residents required
much guidance in 13% of cases, moderate amounts of guidance in
56% of cases, and little to no guidance in 31% of cases. In regard to
case difficulty, 49% were straightforward, 42% were moderately
difficult, and 9% were very difficult. Basic laparoscopic procedures
(diagnostic laparoscopy, laparoscopic cholecystectomy, and lapa-
roscopic appendectomy) comprised 77% of the PFF entries.
Descriptive statistics are summarized in Table 1.

Analysis of the effect of PGY level

Analysis revealed a significant association between PGY level
and level of guidance (p< 0.01) with increasing PGY level associ-
ated with less guidance needed in the operating room. There was
also a significant association between PGY and procedure
complexity, with higher PGY level associated with a higher per-
centage of complex laparoscopic procedures (p¼ 0.04). There were
also significant associations between PGY level and attending rat-
ings of medical knowledge (p< 0.01), operative technique
(p< 0.01), operative knowledge (p< 0.01), communication
(p< 0.01), and professionalism (p¼ 0.04), with higher PGY level
associated with higher performance ratings. PGY level was signif-
icantly associatedwith performance on the FLS tasks of peg transfer
(p< 0.01), pattern cutting (p< 0.01), ligating loop (p< 0.01),
extracorporeal suturing (p< 0.01), and intracorporeal suturing,
with higher PGY level associated with better performance on FLS



Table 1
Descriptive statistics for PFF and FLS tasks performance by post-graduate year (PGY).

PGY1 PGY2 PGY3 PGY4 All

Attending Ratings (mean, sd)
Number of Procedures 87 264 231 186 768
Medical Knowledge (1e3) 2.55 (0.48) 2.81 (0.35) 2.90 (0.25) 2.92 (0.19) 2.83 (0.33)
Operative Technique (1e3) 2.13 (0.57) 2.38 (0.49) 2.63 (0.41) 2.76 (0.31) 2.52 (0.48)
Operative Knowledge (1e3) 2.19 (0.61) 2.58 (0.45) 2.76 (0.38) 2.85 (0.27) 2.66 (0.46)
Communication (1e3) 2.80 (0.37) 2.91 (0.26) 2.93 (0.22) 2.92 (0.21) 2.91 (0.26)
Professionalism (1e3) 2.95 (0.20) 2.98 (0.15) 2.99 (0.11) 3.00 (0.04) 2.98 (0.13)
Laparoscopic Lab Skills (mean, sd)
Number of Residents* 37 39 22 19 74
Normalized MISTELS Score 464 (35) 492 (26) 499 (20) 496 (18) 485 (31)
Peg Transfer (sec) 74 (20) 63 (17) 64 (9) 64 (12) 67 (17)
Precision Cutting (sec) 73 (32) 58 (25) 52 (16) 63 (14) 62 (26)
Ligating Loop (sec) 40 (14) 37 (11) 35 (6) 46 (15) 39 (13)
Extracorporeal Suturing (sec) 82 (14) 88 (20) 94 (17) 110 (31) 90 (22)
Intracorporeal Suturing (sec) 127 (45) 98 (31) 95 (20) 93 (19) 106 (36)
Procedure Complexity (n, %)
Basic 62 (71%) 223 (84%) 173 (75%) 135 (73%) 593 (77%)
Complex 25 (29%) 41 (16%) 58 (25%) 51 (27%) 175 (23%)
Case Difficulty (n, %)
Straightforward 47 (55%) 133 (52%) 110 (48%) 82 (44%) 372 (49%)
Moderately Difficult 32 (37%) 103 (40%) 101 (44%) 82 (44%) 318 (42%)
Very Difficult 7 (8%) 22 (9%) 20 (9%) 21 (11%) 70 (9%)
Guidance Needed (n, %)
Little to None 3 (3%) 42 (16%) 99 (43%) 98 (53%) 242 (32%)
Moderate 43 (49%) 194 (73%) 113 (49%) 77 (41%) 427 (56%)
Much 41 (47%) 28 (11%) 19 (8%) 11 (6%) 99 (13%)

NOTE: N ¼ 74 residents who participated in 768 total procedures across four post-graduate years; *some residents have data for more than one PGY year. PFF e Procedure
Feedback Forms; FLS e Fundamentals of Laparoscopic Surgery; MISTELS e McGill Inanimate System for Training and Evaluation of Laparoscopic Skills.

Table 2
Univariate Analysis: Factors associated with level of guidance in the operating room
using a mixed-methods model.

Factors Evaluated Test for significant association
with level of guidance by PGY
level

PGY1 PGY2 PGY3 PGY4

Attending Ratings
Medical Knowledge 0.18 <0.01 <0.01 <0.01
Operative Technique <0.01 <0.01 <0.01 <0.01
Operative Knowledge <0.01 <0.01 <0.01 <0.01
Communication 0.08 0.26 0.61 0.03
Professionalism 0.05 0.12 0.26 0.31
Procedure
Procedure Complexity (Basic or Complex) 0.96 <0.01 <0.01 <0.01
Case Difficulty 0.85 <0.01 <0.01 <0.01
Laparoscopic Lab Skills
Normalized MISTELS Score 0.66 0.96 0.25 0.83
Peg Transfer (sec) 0.07 0.62 0.26 0.31
Precision Cutting (sec) 0.30 0.81 0.20 0.70
Ligating Loop (sec) 0.21 0.85 0.11 0.87
Extracorporeal Suturing (sec) 0.46 0.74 0.54 0.80
Intracorporeal Suturing (sec) 0.32 0.71 0.83 0.31

NOTE: N¼ 74 residents with 768 total procedures across four post-graduate years.
Test results were from F-tests from mixed-effects models fit by post-graduate year.
P-values in bold indicate statistically significant values.
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tasks. There was no significant association between PGY level and
case difficulty (p¼ 0.98).

Univariate analysis of factors associated with level of guidance

Since PGY level was significantly associated with level of guid-
ance, separate univariate mixed-effects regression analyses were
performed for each PGY level. Attending surgeon ratings of resident
medical knowledge, operative technique, and operative knowledge,
as well as procedure complexity and the case difficulty, were
significantly associated with the level of guidance needed in the
operating room for PGY 2e4 levels (p< 0.01). Higher ratings of
medical knowledge, operative technique, and operative knowledge
were associated with less guidance. Higher procedural complexity
(complex vs basic) and higher level of case difficulty were associ-
ated with more guidance needed in the operating room. For PGY 4
residents, higher attending ratings of communication skills were
significantly associated with less guidance needed (p¼ 0.035).

For PGY1 residents, level of guidance was only significantly
associated with operative technique (p< 0.01) and operative
knowledge (p< 0.01), with higher ratings of operative technique
and operative knowledge associated with less guidance. For the
PGY1 level, procedure complexity and case difficulty were not
significantly associated with level of guidance (p¼ 0.96 and
p¼ 0.85, respectively). There was no significant association be-
tween performance on any of the 5 FLS tasks or total normalized
MISTELS score and level of guidance at any PGY level (p¼ ns for all).
Univariate analysis test results are reported in Table 2.

Multivariate analysis of factors associated with level of guidance

Amultivariate, mixed-effects regression analysis was performed
to account for interactions between factors evaluated, including all
factors that were significantly associated with guidance in the
univariate analysis as well as performance on all FLS tasks. Signif-
icant factors from the univariate analysis included PGY level,
procedure complexity, case difficulty, and attending surgeon rat-
ings of medical knowledge, operative technique, operative knowl-
edge, and communication. A second multivariate analysis was
conducted, replacing total times to complete the five FLS tasks with
the normalized MISTELS score since the MISTELS score is derived
from the FLS tasks. All other factors were also included in the
second analysis.

The multivariate analysis showed no significant association
between resident performance on the 5 FLS tasks and level of
guidance needed (p¼ ns for all tasks). Factors that were signifi-
cantly associated with level of guidance included operative
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technique (p< 0.01), operative knowledge (p< 0.01), PGY level
(p< 0.01), procedure complexity (p< 0.01), and case difficulty
(p< 0.01). Higher PGY level and higher ratings of operative tech-
nique and operative knowledge were associated with less guidance
while increased procedure complexity and case difficulty were
associated with more guidance.

The significance level of the effect of other factors and the di-
rection of their effect remained unchanged whenMISTELS replaced
the five FLS tasks in the model. There was no significant association
between total normalized MISTELS score and level of guidance
(p¼ 0.33). Multivariate test results are reported in Table 3. The ef-
fect of resident statistically significant intraoperative factors and
laparoscopic skills lab performance on level of guidance are shown
in Figs. 1 and 2, respectively.
Discussion

Results of this study show that the amount of intraoperative
guidance needed, which is a surrogate for intraoperative auton-
omy,10 is associated with the resident's technical skills, knowledge
of the procedure, PGY level, and case characteristics (procedure
complexity and case difficulty), but not FLS task performance. More
factors are associated with level of guidance for senior residents as
they transition from moderate guidance towards little to no guid-
ance, as demonstrated by the significant contribution of medical
knowledge and communication skills in addition to technical skills
and operative knowledge. This is in contrast to junior residents
where the data indicates that level of guidance in the operating
room is associated primarily with technical skills and knowledge of
the procedure.

A number of factors may explain the absence of an association of
FLS performance and intra-operative guidance. First, even in tasks
that correlate well, FLS tasks may not sufficiently simulate intra-
operative conditions. A recent study by Crochet et al., 2017
demonstrated that residents after structured FLS training per-
formed the same on the FLS intracorporeal suturing task as
Table 3
Multivariate Analysis: Factors associated with level of guidance in the operating
room using a mixed-methods regression model.

Explanatory Variable Influence on p-value

Guidance

Attending Ratings
Medical Knowledge e 0.28
Operative Technique e <0.01
Operative Knowledge e <0.01
Communication e 0.56
Professionalism e 0.38
Post-Graduate Year
PGY2 compared to PGY1 e 0.45
PGY3 compared to PGY1 e <0.01
PGY4 compared to PGY1 e <0.01
Procedure Complexity
Complex compared to Basic procedure þ <0.01
Case Difficulty
Very Difficult compared to Straightforward þ <0.01
Moderately Difficult compared to Straightforward þ 0.27
Laparoscopic Lab Skills
Normalized MISTELS Score e 0.33
Peg Transfer (sec) þ 0.48
Precision Cutting (sec) þ 0.68
Ligating Loop (sec) e 0.75
Extracorporeal Suturing (sec) þ 0.12
Intracorporeal Suturing (sec) þ 0.75

NOTE: A "þ" indicates that the factor evaluated is associated with more guidance
needed and "-" indicates less guidance needed. P-values in bold indicate statistically
significant values.
experienced surgeons but took significantly longer to complete
intraoperative intracorporeal suturing. Also, these residents and
had significantly lower Global Objective Assessment of Laparo-
scopic Skills (GOALS) scores than experienced surgeons despite
similar performance on the FLS intracorporeal suturing task.20 FLS
performance may reflect the ability to perform the specific tasks in
ideal conditions through goal setting and deliberate practice, rather
than reflect true improvement in intra-operative performance.

Second, not all FLS tasks are directly relatable to tasks performed
in the operating room; it may be difficult for residents to translate
grasping gauze and plastic triangular prisms to providing tension
on tissues and seeing planes in the operating room. Previous work
by Cook et al., 2015 identified major themes of operative flow,
technical skill, outcomes, synthesis and decision-making, knowl-
edge base, and communications/attitudes in the comments listed
on the feedback portion of the PFF.14 The most common sub-
themes within operative technique included dissection technique,
instrument handling, suture placement/location, use of left hand,
and tissue handling. Dissection technique and tissue handling do
not correspond well to the materials used in FLS tasks.

Third, resident performance continues to improve on FLS tasks
since it was first developed, and it may be that the FLS tasks no
longer have sufficient discriminatory power for resident technical
skills. The mean normalized MISTELS score at our institution for
PGY1 level residents was 464, which is greater than the mean of
372 in the competent group described in the initial MISTELS vali-
dation cohort.19 It is possible that a new, improved performance
baseline has been established with the routine use of laparoscopic
skills labs. As the technical demands of surgeon skill level increase,
FLS may need to be modified to more closely reflect the current
technical requirements of a practicing surgeon performing lapa-
roscopy. Other certifications such as the Advanced Trauma Life
Support (ATLS) course and the Advanced Cardiac Life Support
(ACLS) courses are also required for board eligibility.21 However,
ATLS and ACLS have been modified over time to reflect current
evidence-based practices while FLS has yet to undergo changes
since its inception. Furthermore, residents at this institution com-
plete ACLS training prior to residency and ATLS training prior to
their trauma rotation. The optimal time to complete FLS may be
prior to performing any laparoscopic surgeries, not after hundreds
of laparoscopic cases.

Lastly, FLS does not incorporate other aspects of operating room
performance such as operative knowledge, case setup, and
communication skills in order to improve resident confidence and
preparedness, which also affect level of resident guidance in the
operating room.22,23 Simulation may need to focus on more com-
plex activities that incorporate higher fidelity tissue such as
cadaver or porcine labs, especially for senior residents. Cadaver and
live-animal models have a higher perceived value to surgical
trainees and faculty, yet are less utilized than physical models,
SCORE, and virtual reality simulators24 FLS is the foundation of
laparoscopic simulation training but may need to be emphasized
more in junior residents that still need to hone basic technical skills.
Results of this study and other recent studies (Crotchet et al., 2017)
that show a disconnect between FLS task performance and intra-
operative performance provide evidence that FLS should be pri-
marily used for junior residents with minimal previous
laparoscopic intraoperative experience.20 For senior residents, it
may be more effective to utilize valuable skills lab time for more
complex simulation integrating medical knowledge, case setup,
technical skills, intra-operative decision making, and communica-
tion skills.

Limitations of this study include the fact that residents select the
cases inwhich to receive evaluation and feedback via the procedure
feedback form, causing a selection bias. Residents who are



Fig. 1. (a) Effect of RGY level on guidance (p< 0.001) (b) Effect of procedure complexity on guidance (p< 0.001) (c) Effect of operative technique on guidance (p< 0.001) (d) Effect of
operative knowledge on guidance (p< 0.001) (e) Effect of case difficulty on guidance (p < 0.001).
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concerned about their laparoscopic performance may select more
straightforward cases for evaluation compared to their peers.
Additionally, if residents struggled or received negative feedback
on a case, they may not choose to submit the procedure feedback
form. Conversely, residents that perform better than their PGY-
matched peers may have opportunities to perform more complex
or difficult cases, whichmay lead to decreased autonomy compared
to their peers. However, this study provides content validity for the
procedure feedback form, as the PFF is able to discriminate between
performance of residents at each PGY level. Another limitation of
the study is common source bias due to attending intraoperative
ratings of resident performance occurring in conjunction with
attending determination of the level of guidance the resident
needed intraoperatively, as both data are collected on the same
form. Additionally, the database of procedure feedback forms
included multiple laparoscopic procedures, varying in complexity
and skills needed to complete the operation. Lastly, this study
highlights resident and procedural factors that affect guidance in
the operating room. However, attending factors are also present;
this study does not account for attending factors that affect resident
autonomy, such as time and productivity constraints, attending
confidence, patient outcomes, malpractice concerns, and increased
supervision requirements by attending surgeons.5e8 Evaluating
attending factors associated with level of guidance as well as



Fig. 2. Effect of FLS task performance on level of guidance by PGY year (p¼ non-significant for all PGY levels).
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gender differences between residents and attending surgeons may
help identify other factors that may need to be addressed to opti-
mize resident autonomy during training.

Conclusions

Operative technical skills, operative knowledge, PGY level, pro-
cedure complexity, and case difficulty are all associated with level
of guidance provided to residents by attending surgeons in the
operating room. However, FLS task performance was not associated
with guidance. FLS is the foundation of laparoscopic simulation, but
performance above a certain level may not affect the level of
guidance residents need in the operating room. Further work is
needed to elucidate factors associated with operating room guid-
ance and autonomy and to develop resident simulation curricula
targeted at improving resident operative autonomy.

Financial disclosures

The authors have no relevant financial disclosures.

Disclosures

The authors of this manuscript have no conflicts of interest to
disclose.

Funding source

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

References

1. Sachdeva AK, Flynn TC, Brigham TP, et al. Interventions to address challenges
associated with the transition from residency training to independent surgical
practice. Surgery. 2014;155:867e882.

2. Coleman JJ, Esposito TJ, Rozycki GS, Feliciano DV. Early subspecialization and
perceived competence in surgical training: are residents ready? J Am Coll Surg.
2013;216:764e771. discussion 771-3.

3. Yeo H, Viola K, Berg D, et al. Attitudes, training experiences, and professional
expectations of US general surgery residents: a national survey. JAMA.
2009;302:1301e1308.

4. Mattar SG, Alseidi AA, Jones DB, et al. General surgery residency inadequately
prepares trainees for fellowship: results of a survey of fellowship program
directors. Ann Surg. 2013;258:440e449.

5. Teman NR, Gauger PG, Mullan PB, Tarpley JL, Minter RM. Entrustment of
general surgery residents in the operating room: factors contributing to pro-
vision of resident autonomy. J Am Coll Surg. 2014;219:778e787.

6. Torbeck L, Wilson A, Choi J, Dunnington GL. Identification of behaviors and
techniques for promoting autonomy in the operating room. Surgery. 2015;158:
1102e1110. discussion 1110-2.

7. D'Angelo AL, Cohen ER, Kwan C, et al. Use of decision-based simulations to
assess resident readiness for operative independence. Am J Surg. 2015;209:
132e139.

8. Sandhu G, Magas CP, Robinson AB, Scally CP, Minter RM. Progressive entrust-
ment to achieve resident autonomy in the operating room: a national quali-
tative study with general surgery faculty and residents. Ann Surg. 2017;265:
1134e1140.

9. Meyerson SL, Teitelbaum EN, George BC, Schuller MC, DaRosa DA, Fryer JP.
Defining the autonomy gap: when expectations do not meet reality in the
operating room. J Surg Educ. 2014;71:e64ee72.

10. George BC, Teitelbaum EN, Meyerson SL, et al. Reliability, validity, and feasi-
bility of the Zwisch scale for the assessment of intraoperative performance.
J Surg Educ. 2014;71:e90ee96.

11. Chen XP, Williams RG, Sanfey HA, Dunnington GL. How do supervising sur-
geons evaluate guidance provided in the operating room? Am J Surg. 2012;203:
44e48.

12. Bohnen JD, George BC, Williams RG, et al. The feasibility of real-time intra-
operative performance assessment with SIMPL (system for improving and
measuring procedural learning): early experience from a multi-institutional
trial. J Surg Educ. 2016;73:e118ee130.

13. Elfenbein DM. Confidence crisis among general surgery residents: a systematic
Review and qualitative discourse analysis. JAMA Surg. 2016;151:1166e1175.

14. Cook MR, Watters JM, Barton JS, et al. A flexible postoperative debriefing
process can effectively provide formative resident feedback. J Am Coll Surg.
2015;220:959e967.

15. Fundamentals of Laparoscopic Surgery. Available at: www.flsprogram.org.
Accessed Feb 21, 2019.

16. Fried GM, Feldman LS, Vassiliou MC, et al. Proving the value of simulation in
laparoscopic surgery. Ann Surg. 2004;240:518e525. discussion 525-8.

17. McCluney AL, Vassiliou MC, Kaneva PA, et al. FLS simulator performance pre-
dicts intraoperative laparoscopic skill. Surg Endosc. 2007;21:1991e1995.

18. Graduate Case Log Requirements. Defined Category Minimum Numbers for
General Surgery Residents and Credit Role. The Accredation Council for Graduate
Medical Education; 2019. Available at: https://www.acgme.org/Portals/0/
DefinedCategoryMinimumNumbersforGeneralSurgeryResidentsandCreditRole.
pdf. Accessed February 21, 2019.

19. Fraser SA, Klassen DR, Feldman LS, Ghitulescu GA, Stanbridge D, Fried GM.
Evaluating laparoscopic skills: setting the pass/fail score for the MISTELS sys-
tem. Surg Endosc. 2003;17:964e967.

http://refhub.elsevier.com/S0002-9610(18)31400-4/sref1
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref1
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref1
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref1
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref2
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref2
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref2
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref2
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref3
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref3
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref3
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref3
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref4
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref4
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref4
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref4
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref5
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref5
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref5
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref5
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref6
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref6
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref6
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref6
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref7
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref7
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref7
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref7
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref8
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref8
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref8
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref8
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref8
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref9
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref9
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref9
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref9
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref10
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref10
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref10
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref10
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref11
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref11
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref11
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref11
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref12
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref12
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref12
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref12
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref12
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref13
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref13
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref13
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref14
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref14
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref14
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref14
http://www.flsprogram.org
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref16
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref16
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref16
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref17
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref17
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref17
https://www.acgme.org/Portals/0/DefinedCategoryMinimumNumbersforGeneralSurgeryResidentsandCreditRole.pdf
https://www.acgme.org/Portals/0/DefinedCategoryMinimumNumbersforGeneralSurgeryResidentsandCreditRole.pdf
https://www.acgme.org/Portals/0/DefinedCategoryMinimumNumbersforGeneralSurgeryResidentsandCreditRole.pdf
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref19
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref19
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref19
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref19


H.E. Hoops et al. / The American Journal of Surgery 217 (2019) 979e985 985
20. Crochet P, Agostini A, Knight S, Resseguier N, Berdah S, Aggarwal R. The per-
formance gap for residents in transfer of intracorporeal suturing skills from box
trainer to operating room. J Surg Educ. 2017;74:1019e1027.

21. Training Requirements. American Board of Surgery; 2019. Available at: http://
www.absurgery.org/default.jsp?certgsqe_training. Accessed February 21, 2019.

22. Kim SC, Fisher JG, Delman KA, Hinman JM, Srinivasan JK. Cadaver-based
simulation increases resident confidence, initial exposure to fundamental
techniques, and may augment operative autonomy. J Surg Educ. 2016;73:
e33ee41.
23. Varas J, Mejia R, Riquelme A, et al. Significant transfer of surgical skills obtained

with an advanced laparoscopic training program to a laparoscopic jejunoje-
junostomy in a live porcine model: feasibility of learning advanced laparoscopy
in a general surgery residency. Surg Endosc. 2012;26:3486e3494.

24. Gardner AK, Willis RE, Dunkin BJ, et al. What do residents need to be
competent laparoscopic and endoscopic surgeons? Surg Endosc. 2016;30:
3050e3059.

http://refhub.elsevier.com/S0002-9610(18)31400-4/sref20
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref20
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref20
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref20
http://www.absurgery.org/default.jsp?certgsqe_training
http://www.absurgery.org/default.jsp?certgsqe_training
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref22
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref22
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref22
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref22
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref22
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref23
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref23
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref23
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref23
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref23
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref24
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref24
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref24
http://refhub.elsevier.com/S0002-9610(18)31400-4/sref24

	Factors influencing amount of guidance in the operating room during laparoscopic cases
	Introduction
	Methods
	Results
	Analysis of the effect of PGY level
	Univariate analysis of factors associated with level of guidance
	Multivariate analysis of factors associated with level of guidance

	Discussion
	Conclusions
	Financial disclosures
	Disclosures
	Funding source
	References


