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PURPOSE: The amount of guidance provided by the
attending surgeon in the operating room (OR) is a key
element in developing residents’ autonomy. The purpose of
this study is to explore factors that affect attending surgeons’
decision making regarding OR guidance provided to the
resident.

METHODS: We used video-stimulated recall interviews
(VSRI) throughout this 2-phase study. In Phase 1, 3 attend-
ing surgeons were invited to review separately 30 to 45
minute video segments of their prerecorded surgical oper-
ations to explore factors that influenced their OR guidance
decision making. In Phase 2, 3 attending surgeons were
observed and documented in the OR (4 operations,
341 min). Each operating surgeon reviewed their video-
taped surgical performance within 5 days of the operation to
reflect on factors that affected their decision making during
the targeted guidance events. All VSRI were recorded.
Thematic analysis and manual coding were used to synthe-
size and analyze data from VSRI transcripts, OR observa-
tion documents, and field notes.

RESULTS: A total of 255 minutes of VSRI involving
6 surgeons and 7 surgical operations from 5 different proce-
dures were conducted. A total of 13 guidance decision-
making influence factors from 4 categories were identified
(Cohen’s κ ¼ 0.674): Setting (case schedule and patient
morbidity), content (procedure attributes and case prog-
ress), resident (current competency level, trustworthiness,
self-confidence, and personal traits), and attending surgeon
(level of experience, level of comfort, preferred surgical
technique, OR training philosophy, and responsibility as
surgeon). A total of 5 factors (case schedule, patient
morbidity, procedure attributes, resident current compe-
tency level, and trustworthiness) influenced attending

surgeons’ pre-OR guidance plans. “OR training philosophy”
and “responsibility as surgeon” were anchor factors that
affected attending surgeons’ OR guidance decision-making
patterns.

CONCLUSIONS: Surgeons’ OR guidance decision making
is a dynamic process that is influenced by 13 situational
factors. These factors can be used by residency programs to
tailor strategies designed to increase resident autonomy in
the OR. ( J Surg 72:e137-e144. JC 2015 Association of
Program Directors in Surgery. Published by Elsevier Inc. All
rights reserved.)
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INTRODUCTION

The concept of graded and progressive responsibility is one
of the core tenets of surgery residency training. The goal of
surgical training is to prepare the resident to function as an
independent surgeon at the end of training. For a resident,
one essential learning activity is the interaction with patients
under the guidance of faculty members who give value,
context, and meaning to those interactions. For a surgeon,
guidance in the setting of residency training is responsible
for assuring the provision of safe and effective care to the
individual patient whereas also enabling each resident to
develop the skills, knowledge, and attitudes required to
enter the unsupervised practice of surgery. This is challeng-
ing; however, as surgery residents are infrequently allowed
to carry out operations independently with minimal guid-
ance during the course of their training.1

Increasing concern exists about the ability and confidence
of surgery residents to practice independently following
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surgeon as well. I need to ensure my patient safety. My
goal is perfect case for each case.

As this comment shows, a surgeon’s personal OR training
philosophy can influence the guiding behavior selected no
matter which resident is working with him.

DISCUSSION

In this study, we identified 13 factors from 4 categories that
affect the guidance provided by attending surgeons’ to the
resident in the OR. Those 4 categories include setting,
content, resident, and attending surgeon. According to
Pratt’s General Model of Teaching, our results illustrated

that the attending surgeon, who is the teacher in the OR,
uses guidance to engage the resident’s learning and justify
teachable content after assessing the resident’s performance
both preoperatively and intraoperatively. For an attending
surgeon, deciding the type and frequency of OR guidance
provided to the resident requires consistent assessments of
an equilibrium between the surgeon’s dual responsibilities
in the OR—guaranteeing patient safety and training the
resident. Assessment thus becomes an essential step to
improve residents’ performance and granted independence
through appropriate OR guidance.
According to the performance improvement model16 and

the cognitive apprenticeship model,17 attending surgeons
are the key decision-makers of residents’ OR learning

TABLE 2 (continued)

Category Impact Factor Representative Comment(s)

method. For senior (residents), usually I will let them
learn by doing more; for junior (residents), I probably
will show them more.”

Responsibility as surgeon: the surgeon’s belief about the
balance between the responsibilities as a surgeon who
ensures patient safety and as a teacher/trainer who
provides guidance to the resident in training

“I did the majority job (of the case) and the resident just
assisted…. (I gave) a lot of guidance because the case
was too difficult…. I am not sure about her previous
experience, but I felt guilty not letting her do a lot in this
case…. (Because) I am a surgeon. A good surgeon
should ensure his patient safety and make the case
perfect.”

AV, arteriovenous.
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FIGURE 1. Factors contributing to surgeons' decision of preoperative guidance plan. Case scheduling—the starting time of the case planned in the
operating room; patient morbidity—the diseased state or symptom of the patient; procedure attributes—the natural constant attributes of the case
including procedure type and the local case frequency; Resident current competency level—the competency level on which the resident currently
stands. It comprises one or more characteristics from the resident's PGY level, knowledge, experience, and skills; and trustworthiness—the resident's
deserving of trust that was evaluated by the surgeon based on knowing the resident through previous cooperative experience.
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opportunities and autonomy. Our study showed that
“attending OR training philosophy” and “attending respon-
sibility as surgeon” were the anchor factors that influenced
attending surgeons’ OR guidance decision making through-
out the operation and thus the amount of OR autonomy
that attending surgeons grant to residents in a case. Under
the uncertainty associated with each unique operation, the
attending surgeons’ OR training philosophy and perceived
responsibility as the surgeon demonstrate a substantial
effect on the overall assessment of intraoperative guidable
moments.
Although 13 OR guidance impact factors were reported,

we found that attending surgeons’ OR guidance decision
making is a dynamic process influenced by situational
uncertainty and unplanned events. Interviewed surgeons
described their experiences of making decisions on
OR guidance as either planned (proactively planned) or
unplanned (situationally responsive). Planned guidance
usually occurred at critical points of the procedure (e.g.,
the mesh location in an open inguinal hernia repair
procedure) or the step that the resident did not do well
in recent similar case(s) with the attending surgeon.
Unplanned guidance was described as the guidance occur-
ring in response to unexpected events caused by a variety of
situations in the OR. Attending surgeons may draft initial
guidance plans before entering the OR, but have to keep
testing and adjusting the initial plan based on the case, the
resident’s performance, and the surgeon’s dual responsibil-
ities throughout the operation. To ensure patient safety and
the resident’s learning in the OR, attending surgeons are
encouraged to either gradually decrease the frequency of
OR guidance, or transform the type of guidance from
teaching to directing to assisting13 as the surgeon’s trust and
confidence in the resident increases. For example, in a
laparoscopic cholecystectomy case, the attending surgeon
could teach the resident how to use the grasper by physically

demonstrating, then verbally direct the resident step by step,
and finally keep silent and assist the resident only on an
as-needed basis.
This was a single institution study with only 6 attending

surgeons. However, it provides some insight into those factors
that influence attending surgeon decisions about the amount
and nature of guidance to provide residents in a range of
situations. Moreover, the VSRI method, although well devel-
oped, still relies on the subjective interpretations of the research
team. Nonetheless, we believe that our data and the conclusions
are consistent with current surgical teaching of autonomy.

CONCLUSION

There is increasing concern that current surgical trainees are
not afforded sufficient autonomy during training to prepare
for independent surgical practice. Research into methods to
improve residents’ independence and readiness for practice
is essential. Our study reveals that attending surgeons’ OR
guidance decision making is a dynamic process that is
influenced by 13 situational factors. Those factors that are
modifiable can be used by residency programs to tailor
faculty development strategies designed to foster progressive
increases in resident intraoperative autonomy as resident
experience and proficiency increases. Future studies
designed to explore when and why residents want OR
guidance from attending surgeons will also be useful in
planning faculty development activities.
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FIGURE 2. Factors contributing to surgeons’ intraoperative decision making of OR guidance provided to resident.
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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

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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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

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

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.
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coelioscopique dans les hôpitaux publics et les établissements
privés participant au service public hospitalier (PSPH) et une
incidence des hystérectomies plus importante par voie vaginale
dans les hôpitaux privés (p < 0,001).

Le Tableau 3 compare à la fois les différences de pratiques sur
les voies d’abord de l’hystérectomie entre les hôpitaux publics et
les établissements privés participant au service public
hospitalier (PSPH) versus les hôpitaux privés ainsi que leur
évolution dans le temps entre 2008 et 2019. On constate une

augmentation de l’utilisation de la cœlioscopie entre 2008 et
2019 associée à une diminution de la laparotomie et une
diminution de la voie vaginale (p < 0,001).

3.3. Prise en charge annexielle

Hors pathologie annexielle, l’intérêt d’une annexectomie
associée à l’hystérectomie serait de réduire le risque de cancer
ovarien. Ce risque a été analysé par Parker et coll. chez une cohorte

[(Fig._2)TD$FIG]

Fig. 2. Evolution du nombre d’hystérectomies pour pathologie bénigne et fibromateuse de 2005 à 2019 en fonction des différents évènements (source ATIH) (Série 1 :
Hystérectomie pour pathologie bénignes, Série 2 : Fibromes).
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Fig. 3. Évolution des voies d’abord de l’hystérectomie entre 2008 et 2019 (source ATIH).

Tableau 2
Comparaison des pratiques de voies d’abord de l’hystérectomie entre les hôpitaux publics et les établissements privés participant au service public hospitalier (PSPH) versus
les hôpitaux privés en 2019 (source ATIH).

Hôpitaux publics + PSPH Hôpitaux privés Total

Voie d’abord n % n % n %

Vaginale 7986 23,7 % 7259 27,8 % 15245 25,5 %
Laparotomie 9910 29,4 % 7572 29,0 % 17482 29,2 %
Coelioscopie 11126 33,0 % 7073 27,0 % 18199 30,4 %
Coelio-vaginale 4724 14,0 % 4225 16,2 % 8949 14,9 %
Total 33746 100,0 % 26129 100,0 % 59875 100,0 %

A. Chevrot, F. Margueritte, X. Fritel et al. Gynécologie Obstétrique Fertilité & Sénologie 49 (2021) 816–822
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incidences of these complications from 2000 to 2005 are
presented in Table II.

Urinary tract injuries

In 2000–2005, the overall incidence of urinary tract injuries
was 0.66%. There were altogether 92 injuries, of which 22
were vesicovaginal fistulas (VVFs), 23 bladder injuries and
47 ureteral injuries. The total numbers of complications were
reported, and it should be noted that there were five patients
having both ureteral injury and VVF, and three patients
having ureteral and bladder injuries simultaneously. The
yearly numbers of urinary tract injuries and the estimated learn-
ing curve are shown in Fig. 2b. The likelihood ratio test for the

model is highly significant statistically (x2 ¼ 59.67, P , 0.001)
showing a good fit. The incidence of urinary tract injuries has
been steady in 2000–2005, indicating that a learning curve
plateau has been reached.

The overall incidence of ureteral injuries during 2000–2005
was 0.34%. Of the 47 patients having ureteral damage, 43
(91%) went through ureteroneocystostomy, and one of them
was preceded by an attempt of ureteranastomosis. Three
patients were treated with stenting of the ureter and one recov-
ered spontaneously. All lesions were unilateral. The injury was
on the right side in 60% (28/47) of cases. The modalities to
perform the haemostasis during LH were bipolar coagulation
in 29 cases, ultrasonic scalpel in 10 cases, combination of
bipolar coagulation and ultrasonic scalpel in 3 cases, bipolar
instrument Ligasurew in 4 cases and in one case, the haemo-
stasis method was not reported. Bipolar coagulation is the
most common method of haemostasis for uterine vessels in
Finland. The estimated learning curve and year by year inci-
dence are given in Fig. 2c, which shows a very good fit, with
the likelihood ratio test being highly significant statistically
(x2 ¼ 49.68, P , 0.001). Also the incidence of ureteral injuries
has been steady in the current century, indicating that a learning
curve plateau has been reached.

The overall incidence of bladder injuries during 2000–2005
was 0.16%. There were 23 bladder injuries and they were most
commonly approached by laparotomy to perform suturing of
the lesion. This occurred in 13 (56%) cases: five lesions were
repaired in the primary operation and in the rest of the cases,
between the first and 27th post-operative day. Six patients
(26%) were treated by laparoscopic suturing: five in the
primary operation and one on the first post-operative day.
Suturing by the vaginal route was performed in three lesions
and one was treated only by a Foley-catheter insertion.

The overall incidence of VVFs during 2000–2005 was
0.16%. There were 22 reported VVFs of which two minor fis-
tulas were treated by insertion of Foley catheter drainage and
by electrocoagulation via cystoscopy and 20 were repaired
by laparotomy. Four patients had multiple laparotomies to
secure closure: three patients required a second laparotomy
and one patient was exposed to three laparotomies as an unsuc-
cessful bladder repair lead to a pair of VVF repairs. Unsuccess-
ful vaginal closure was attempted twice and both patients were
later treated by the abdominal route.

Figure 2: (a) Learning curve, the number of major complications in
LH, (b) learning curve, the number of urinary tract injuries in LH
and (c) learning curve, the number of ureteral injuries in LH

Table I. Major complications of LH 1992–1999 versus 2000–2005.

Years 1992–1999 2000–2005

Laparoscopic hysterectomies (n) 13 885 13 942
Ureteral injury 125 (0.90%) 47 (0.34%)
Bladder injury and VVFs 68 (0.49%) 45 (0.32%)
Bowel injury 20 (0.14%) 12 (0.09%)
Major vascular injury 2 (0.01%) 0 (0%)
Death 1 (0.01%) 0 (0%)
Other* 29 (0.21%) 31 (0.22%)
Total 245 (1.76%) 134 (0.96%)

*Including re-operations (due to other cause than specific organ injury) and
thromboses.

Brummer et al.
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Quels sont les caractéris8ques des pa8entes influençant 
l’autonomie des internes au bloc opératoire dans le 

cadre d’une hystérectomie?
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this system allows no comparability between residents of 
different hospitals or even one teaching hospital.

Kneist et  al. stated that the number of procedures 
performed by the residents increased after implement-
ing a transparent logbook, which could be overseen by 
all attendings and residents. They even stated that the 
number requested by the logbook could only be achieved 
using this transparency [2]. Still, the documentation of 
procedures in the logbook alone will lack of outside 
quality control during the residency. Furthermore, there 
is no evidence whether the number requested in the 
logbook reproduces the skills acquired by the resident 
[3]. The only study comparing structured and rather 
unstructured surgical education programs analyzed the 
Canadian and Swiss educational programs and even 
stated that providing a more structured surgical program 
may be advantageous in providing optimal quality of sur-
gical education [4]. However, the authors only compared 
one teaching hospital of each country in their study [4].

A comparison of these very different designed educa-
tional programs should be analyzed for different countries 
and centers to achieve evidence whether or not a system 
is advantageous.

Assessment of operative 
performance
To validate the curricula in surgical education for their 
reliability and efficiency assessments, technical skills are 

required. These assessments analyze the trainees’ perfor-
mance in the operating room.

McKendy et al. stated that the implementation of spe-
cific teaching strategies using a structured framework 
improved the feedback within the operation room [5]. 
Models that can be helpful are such as “None-Technical 
Skills for Surgeons”, “Briefing Intraoperative Teaching, 
Debriefing”, and the Five-Step Feedback Tool for Surgery: 
“Set learning objectivities. How did it go? Address con-
cerns. Review learning points. Plan Ahead” [6].

To analyze the intraoperative performance and com-
petence of trainees, different scores have been developed 
and validated for their reliability, such as the Ottawa Sur-
gical Competency Operating Room Evaluation (O-SCORE), 
the Operative Rating System (OPRS), or the Zwisch scale 
(Table 1) [7].

The OPRS has already been described in 2005 by 
Larson et al., which consists of 10-item procedure-specific 
rating instruments, including technical skills rating, oper-
ative decision making, and general items (each scaled from 
1 to 5). They validated the scoring systems for surgical pro-
cedures in general surgery and also tested the interrater 
variability [8]. The usage of this score using case-specific 
technical skill items allows to evaluate residents postop-
eratively, which may help to identify strengths or weak-
nesses. It may also be a helpful tool to create transparency 
between residents (“Why is my colleague allowed to do 
that procedure and I am not?”) [8].

Gofton et al. developed and validated the O-SCORE to 
create a tool to assess surgical competence. The O-SCORE 
consists of 11 items (8 items rated on the five-point 

Table 1: Scores that help to assess trainees’ surgical skills.

OPRS O-SCORE Zwisch scale

For example, inguinal herniorrhaphy
A1 (poor)–A5 (excellent)
1. [numeric]Ilioinguinal nerve
2. Search for indirect hernia
3. Mesh insertion
4. Knowledge of anatomy
5. Femoral vein injury
6. Prevention of complications
7. Respect for tissue
8. Time and motion
9. Flow of operation
10. Overall performance[/numeric]

Scale: 1–5
1 – Requires complete hands-on guidance
5 – Complete independence
1. [numeric]Preprocedure plan
2. Case preparation
3. Knowledge of specific procedural steps
4. Technical performance
5. Visuospatial skills
6. Postprocedure plan
7. Efficiency and flow
8. Communication
9. Resident is able to safely perform this 
procedure independently
10. Give at least one specific aspect of 
procedure done well
11. Give at least one specific suggestion for 
improvement[/numeric]

Show and tell
–  Attending does key portions as the surgeon 

narrates the case
Smart help
–  Attending shifts between surgeon on first 

assist role and coaching for specific skills
Dumb help
–  Attending assists and follows the lead of the 

resident
–  Coaches regarding polishing and refinement 

of skills
No help
–  Attending largely provides no unsolicited 

advice
– Monitors progress and patient safety

































much guidance the resident received from the attending
during the operative procedure using the “Zwisch” scale
(Fig. 1A). The “Zwisch” scale is a 4-level scale that has been
shown to be a valid and reliable way to differentiate between
levels of faculty guidance provided (and its inverse, resident
autonomy granted) during an operation.10,15 “Show and
Tell” is the first level in which the faculty demonstrates and
explains the entire procedure, while the resident listens,
watches, and learns. “Active Help” is the second level, in
which the attending functions as the leader of the case,
whereas the resident performs and rehearses component
technical skills. “Passive Help” is the third level in which the
resident functions as the leader of the case, whereas the
attending functions as a capable first assistant. “Supervision
Only” is the fourth and final level of the Zwisch scale in
which the faculty member still supervises the performance
but provides no substantive guidance.

SIMPL Question 2—Resident Intraoperative Perfor-
mance. The second SIMPL question asks both trainee
and faculty users to independently rate the resident
performance for that case. Specifically, these ratings are
made on an ordinal scale that measures the readiness of the
resident for independent practice (Fig. 1B). This scale was
adapted from the one validated in an earlier ABS trial16 and
includes 5-levels: Unprepared/Critical Deficiency (Level I),
Inexperienced with Procedure (Level II), Intermediate
Performance (Level III), Practice-Ready Performance
(Level IV), and Exceptional Performance (Level V). The
fourth level, Practice-Ready Performance, is conceptualized

as the target goal for training and is defined as follows:
“Resident is ready to perform this operation safely,
effectively, and independently assuming resident
consistently performs procedure in this manner.”

SIMPL Question 3—Case Complexity. The third
question asks both parties to indicate how complicated
they perceived the procedure to be, from “easiest third” to
“average third” to “hardest third” (Fig. 1C). Case
complexity is judged based on patient-related factors
(anatomy, comorbidities, etc.) and is relative to similar
procedures; for example, the case complexity of a
laparoscopic appendectomy is assessed relative to the
complexity of other laparoscopic appendectomies, whereas
the case complexity of a pancreaticoduodenectomy is
assessed relative to other pancreaticoduodenectomies. Case
complexity is not assessed based on factors relating to
surgeon or resident skill. This question was included due
to the belief that case complexity would confound
assessments of trainee autonomy and performance. Indeed,
in a previous study, increasing operative complexity was
associated with more guidance being provided to the
resident.10

Measures of Feasibility

Metrics of SIMPL adoption were calculated to determine
the feasibility of launching SIMPL across a broad range of
general surgery training programs. Primary outcome meas-
ures of feasibility included training completion rates at each

FIGURE 1. SIMPL questions 1 to 3, Intraoperative Autonomy (Zwisch scale), Performance, and Case Complexity. Screenshots of the 3 SIMPL
questions, (A) SIMPL Question 1: resident intraoperative autonomy and the “Zwisch scale.” (B) SIMPL Question 2: resident intraoperative performance.
(C) SIMPL Question 3: case complexity.
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PURPOSE: Intraoperative performance assessment of resi-
dents is of growing interest to trainees, faculty, and accreditors.
Current approaches to collect such assessments are limited by
low participation rates and long delays between procedure and
evaluation. We deployed an innovative, smartphone-based
tool, SIMPL (System for Improving and Measuring Proce-
dural Learning), to make real-time intraoperative performance
assessment feasible for every case in which surgical trainees
participate, and hypothesized that SIMPL could be feasibly
integrated into surgical training programs.

METHODS: Between September 1, 2015 and February 29,
2016, 15 U.S. general surgery residency programs were
enrolled in an institutional review board-approved trial.
SIMPL was made available after 70% of faculty and
residents completed a 1-hour training session. Descriptive
and univariate statistics analyzed multiple dimensions of
feasibility, including training rates, volume of assessments,
response rates/times, and dictation rates. The 20 most active
residents and attendings were evaluated in greater detail.

RESULTS: A total of 90% of eligible users (1267/1412)
completed training. Further, 13/15 programs began using
SIMPL. Totally, 6024 assessments were completed by 254
categorical general surgery residents (n ¼ 3555 assessments)
and 259 attendings (n ¼ 2469 assessments), and 3762
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FIGURE 2. Cumulative and weekly assessments, all programs. Cumulative evaluations by program (top half) and weekly evaluations by all programs
combined (bottom half) during the study period reported here.

TABLE 4. Response Rates and Response Times

Number of
Assessment
Requests
Received

Total

Overall Response
Rates; Percentage of

Assessment
Requests Completed

%

Program-Level Response
Rates; Percentage of
Assessment Requests

Completed
Mean % (range)

Time Interval to Respond
to Assessment Request
Program Mean Hours

(range)

Residents 611 85.5* 78.9 (34.5-96.1)** 8.4 (0-26.9)***
Attendings 3151 59.7* 58.8 (45.2-80)** 12.4 (0.3-22.9)***
All users 3762 70.3 65.2 (46-84.3) 12 (1.6-23.3)

*p o 0.001.
**p ¼ 0.006.
***p ¼ 0.147.
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was used. The categorial variables were calculated by 
Chi-Square Tests. The reliability analysis was done by 
the Intraclass Correlation Coefficient test, and correla-
tions for the parametric variables by the Pearson Cor-
relation test and for non-parametric variables by Spear-
man’s rho. In analyses of learning curves, we used the 
Friedman test and the Wilcoxon Signed Rank Test. In 
the validation study, we used the Kruskal–Wallis test and 
Mann–Whitney U tests in post hoc analysis with Bonfer-
roni adjustment.

The Hospital District of Helsinki and Uusimaa and 
the ethics committee of Helsinki University Hospital 
(Dnro390/13/03/03/2012) approved the study design.

Results

The flowchart is shown in Fig. 2. All but one video recording 
were successful; one operation was recorded only partially, 
and therefore was analyzed only partially. In the interven-
tion group, nine participants of ten completed the training 
program as intended. One participant trained with the hys-
terectomy module only four times, but her operation was 
included in the analysis.

Demographics concerning participants, patients, and 
surgeries are presented in Table 1. Despite randomisa-
tion, the residents in the intervention group were more 
experienced in training at obstetrics and gynecology and 
had done more laparoscopic procedures. The compos-
ite score was higher in the control group in basic task 
6 in virtual reality simulator, while in other tasks there 
were no differences between the groups. The overall 
composite score of all the tasks was higher in the control 
group. There was no difference in patients operated or 
in the size of uteri removed. In both groups, five of the 
patients had concomitant salpingectomy, while the rest 
had salpingo-oophorectomy.

 Learning curve plateaus were detected in total pro-
cedure time, total path length of instruments, and total 
number of movements of instruments (Fig. 3). In each 
parameter, the plateau was reached after training with 
the module the third time. In idle time, despite the visual 
plateau in the learning curve, the plateau was not detected 
statistically. With respect to tissue, at the first training 
time, dispersion of the number of events was wide, dimin-
ishing thereafter. In vascular and organ injuries, no pla-
teaus in learning curves were detectable; the number of 
events per training time ranged between 0 and 11 (mean 

Fig. 1  Procedure-specific OSATS form for laparoscopic hysterectomy
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of the events 0.7–2.3) in venous and 0–5 (mean 1.2–3.5) 
in organ injuries.

In validation study of the procedure-specific form, the 
mean score for residents was 20.8 (SD 2.6), for young 
specialists 25.0 (SD 3.3), and for experts 27.6 (SD 6.3) 
(p = 0.01). In post hoc analyses, there was a statistically sig-
nificant difference between residents and young specialists 
(p = 0.012), but not between young and experienced special-
ists (p = 0.094). Between the assessors, Cronbach’s alpha 
coefficient was 0.80, and the Intraclass Correlation Coef-
ficient was 0.80 for average measures and 0.66 for single 
measures.

The mean score in the Global Rating Scale was 17.0 
(SD 3.1) in the intervention group and 11.2 (SD 2.4) in 
the control group (p = 0.002) (Fig. 4). In LH-OSATS, the 
mean score was 20.0 (SD 3.3) in the intervention group 
and 16.0 (SD 2.8) in the control group (p = 0.012, 95% 
CI 1.02–7.05). When combining both OSATS forms, the 
mean score was 37.0 (SD 6.2) in the intervention group 
and 27.5 (SD 5.2) in the control group (p = 0.002, 95% 
CI 3.96–15.12), giving Cohen’s d 1.83, meaning a large 
effect. In VAS, the mean score was 55.0 (SD 14.8) in the 
intervention group and 29.9 (SD 14.9) in the control group 
(p = 0.001, 95% CI 11.23–39.07). Between the assessors, 
the Intraclass Correlation Coefficient in average measures 

was 0.59 for GRS scores, 0.58 for LH-OSATS scores, 
and 0.62 for VAS, showing good reliability. Between 
the combined OSATS score (GRS- and LH-specific) and 
VAS score, we detected a strong correlation, r = 0.95, 
p < 0.0005.

In the intervention group, the operations required 20 min 
less time than in the control group (Table 1), but the differ-
ence was not statistically significant. Likewise, there was 
no difference in blood loss between the groups. In direct 
complications, there was one colon serosa lesion in the con-
trol group.

There was no correlation between hysterectomy mod-
ule composite scores and scores in GRS, LH-OSATS, 
GRS + LH-OSATS, or VAS (correlation coefficient − 0.080, 
− 0.055, − 0.152, and − 0.079, respectively), neither in oper-
ative time nor in blood loss (correlation coefficient 0.305 and 
− 0.038, respectively).

Discussion

In this randomized study, we showed that participants in the 
intervention group performed the laparoscopic hysterectomy 
better than the controls. Furthermore, operating time in the 

Fig. 1  (continued)
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