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Original Research

Essentials in Minimally Invasive Gynecology
Manual Skills Construct Validation Trial

Malcolm G. Munro, MD, Arnold P. Advincula, MD, Erika H. Banks, MD, Tamika C. Auguste, MD,
E. Britton Chahine, MD, Chi Chiung Grace Chen, MD, MHS, Howard L. Curlin, MD,
Elisa M. Jorgensen, MD, Jin Hee Kim, MD, MS, Cara R. King, DO, MS, Joelle Lucas, MD,
Magdy P. Milad, MD, MS, Jamal Mourad, DO, Matthew T. Siedhoff, MD, MSCR, M. Jonathon Solnik, MD,
Christopher C. Destephano, MD, MPH, and Kim Thayn, PhD, for the Essentials in Minimally Invasive
Gynecology (EMIG) Steering Committee*

OBJECTIVE: To establish validity evidence for the Essen-

tials in Minimally Invasive Gynecology laparoscopic and

hysteroscopic simulation systems.

METHODS: A prospective cohort study was IRB

approved and conducted at 15 sites in the United

States and Canada. The four participant cohorts based

on training status were: 1) novice (postgraduate

year [PGY]-1) residents, 2) mid-level (PGY-3) residents,

3) proficient (American Board of Obstetrics and Gyne-

cology [ABOG]–certified specialists without subspecialty

training); and 4) expert (ABOG-certified obstetrician–

gynecologists who had completed a 2-year fellowship

in minimally invasive gynecologic surgery). Qualified par-

ticipants were oriented to both systems, followed by

testing with five laparoscopic exercises (L-1, sleeve-peg

transfer; L-2, pattern cut; L-3, extracorporeal tie; L-4, in-

tracorporeal tie; L-5, running suture) and two hystero-

scopic exercises (H-1, targeting; H-2, polyp removal).

Measured outcomes included accuracy and exercise

times, including incompletion rates.

*For a list of members of the EMIG Steering Committee, Working Group, and EMIG
Advisory Committee, see Appendix 1 online at http://links.lww.com/AOG/B925.
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RESULTS: Of 227 participants, 77 were novice, 70 were

mid-level, 33 were proficient, and 47 were experts. Exercise

times, in seconds (6SD), for novice compared with mid-

level participants for the seven exercises were as follows,

and all were significant (P,.05): L-1, 256 (659) vs 187 (645);

L-2, 274 (638) vs 232 (655); L-3, 344 (6101) vs 284 (6107);

L-4, 481 (6126) vs 376 (6141); L-5, 494 (6106) vs 420

(6100); H-1, 176 (656) vs 141 (648); and H-2, 200 (696)

vs 150 (637). Incompletion rates were highest in the novice

cohort and lowest in the expert group. Exercise errors were

significantly less and accuracy was greater in the expert

group compared with all other groups.

CONCLUSION: Validity evidence was established for

the Essentials in Minimally Invasive Gynecology laparo-

scopic and hysteroscopic simulation systems by distin-

guishing PGY-1 from PGY-3 trainees and proficient from

expert gynecologic surgeons.

(Obstet Gynecol 2020;136:83–96)

DOI: 10.1097/AOG.0000000000003936

S imulation-based assessments have shown promise
in evaluating the performance of trainees and

have correlated positively with patient-reported out-
comes.1 Required objective measures of technical
skills for certification in obstetrics and gynecology
have been relatively absent in the curricula of resi-
dency training programs, in formative examinations
offered by the Council on Resident Education in
Obstetrics and Gynecology (CREOG) and in the cer-
tification examination for the American Board of
Obstetrics and Gynecology (ABOG). However,
ABOG has recently established passing the Funda-
mentals of Laparoscopic Surgery cognitive and man-
ual skills examination as a prerequisite for board
certification starting in 2020.

Adaptation of the Fundamentals of Laparoscopic
Surgery high-stakes examination to evaluate gyneco-
logic surgical cognitive and technical skills is problem-
atic for several reasons. A meta-analysis suggested
more validity evidence was required to support content
(selection of tasks) and consequences (intended and
unintended) of the assessment.2 Regarding content val-
idity evidence, the multiple choice cognitive examina-
tion is specific to general surgery trainees and the
manual skills test lacks assessment of the hysteroscopic
skills essential for the gynecologic surgeon.3 In the gen-
eral surgery literature, questions were recently raised
about the utility of the Fundamentals of Laparoscopic
Surgery system for residents, because no appreciable
improvement in outcomes of laparoscopic cholecystec-
tomies was noted.4 No comparable studies of conse-
quence validity evidence have been performed in
obstetrics and gynecology.

The AAGL responded to these gaps by com-
mencing development of the Essentials in Minimally
Invasive Gynecology project, comprising a cognitive
question database with supportive online didactic
materials and a psychomotor skills simulation system
with laparoscopic and hysteroscopic exercises specific
to gynecologic surgery.5 In 2018, the American Col-
lege of Obstetricians and Gynecologists (ACOG) and
CREOG joined the AAGL to begin the process of
compiling evidence evaluating the validity of the psy-
chomotor component when it is applied to trainees in
obstetrics and gynecology as well as gynecologic sur-
geons. A pilot study was designed to refine the Essen-
tials in Minimally Invasive Gynecology laparoscopic
and hysteroscopic systems and explore, in a prelimi-
nary fashion, the utility of seven tasks—five laparo-
scopic and two hysteroscopic—in distinguishing
among those with varying levels of skill and experi-
ence.6 The pilot study suggested that these systems
may be useful for distinguishing between novice and
mid-level trainees and also indicated that those expert
surgeons who had completed a postresidency fellow-
ship in minimally invasive gynecologic surgery would
likely perform these skills at a measurably higher
level.

The specific hypothesis tested was that Essentials
in Minimally Invasive Gynecology performance is
related to participants’ training levels.

METHODS

Messick’s validation framework7 was chosen for Essen-
tials in Minimally Invasive Gynecology to remain consis-
tent with a previous systematic review on FLS8 and
because it is advocated by the American Educational
Research Association, the American Psychological Asso-
ciation and the National Council on Measurement in
Education.9,10 The design was a prospective cohort study
comparing two sets of two groups of participants based
on their level of training and their self-reported experi-
ence with both hysteroscopic and laparoscopic surgery
and surgical simulation. The first two groups comprised
novice (postgraduate year [PGY]-1) and mid-level
(PGY-3) residents, each in the first 100 days of their train-
ing year; the second pairing included those considered
proficient (ABOG-certified obstetrician–gynecologists
[ob-gyns]) and experts who were 2-year fellowship–
trained in minimally invasive gynecologic surgery.

The simulators used in this trial (Appendices 2–4,
available online at http://links.lww.com/AOG/B925)
have been described previously, as have the seven ex-
ercises—five laparoscopic (L-1 to L-5), and two hystero-
scopic (H-1 and H-2).6 Maximum times allocated for
each of the laparoscopic exercises were determined by
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evaluating previous performances in the pilot study.6 No
maximum time was required for the hysteroscopic skills,
because all participants completed these in the pilot. A
13.5-minute orientation video (Video 1) was provided to
standardize exposure to both systems and each of the
seven exercises. Then, assisted by the orientation proc-
tor, participants had approximately 45 minutes of struc-
tured orientation to the systems and were provided
videos of each exercise.

The participants performed all of the laparoscopic
exercises while standing on their preferred side of the
simulator to replicate standard positioning alongside
the operating table. The two hysteroscopic exercises

were performed in a sitting position. Before the timing
started, the testing proctor, blinded to the trainee
status and different from the orientation proctor,
described the exercises and the measured parameters
with the aid of a laminated instruction card.

The following study exercises were performed:

L-1. Laparoscopic sleeve-peg transfer (Fig. 1A,
Video 2)

The participant was supplied with two laparo-
scopic Maryland grasping forceps to transfer
six cylindrical sleeves from the floor of the
Essentials in Minimally Invasive Gynecology
LaparoBowl to one of six peg targets located
on five contiguous panels and then back to the
original location. The participant’s exercise
time was calculated, as were potential errors
such as dropped sleeves and failure to properly
execute a transfer. The maximum allowable
time was 330 seconds.

L-2. Laparoscopic pattern cut (Fig. 1B, Video 3)
This task required that the participant use laparo-
scopic scissors and a Maryland grasper to cut
a circular pattern from the top layer of a double
layer surgical gauze mounted on the LaparoBowl.
The participant’s exercise time was calculated, as
were errors such as crossing lines, cutting both
layers and either avulsing the gauze from the plat-
form or the platform from the LaparoBowl. The
maximum allowable time was 300 seconds.

L-3. Laparoscopic extracorporeal tie (Fig. 1C,
Video 4)

Participants used a standard Fundamentals of
Laparoscopic Surgery laparoscopic needle driver
and another grasping instrument to pass a 90-cm
2-0 silk suture with a swedged-on tapered and
curved needle through marks on a short, fenes-
trated portion of Penrose drain affixed at a 45-
degree angle to a sponge block placed on the
floor of the LaparoBowl. The linear defect was
approximated with a knot comprising three, sin-
gle, extracorporeally formed throws, each
sequentially transferred into the trainer and tight-
ened with a knot manipulator. The exercise was
completed by cutting both ends of the suture
with the laparoscopic scissors. The maximum
allowable time was 600 seconds. The specimen
was evaluated for apposition of the fenestration’s
edges and knot formation.

L-4. Laparoscopic intracorporeal knot (Fig. 1D,
Video 5)

The participant was provided laparoscopic
scissors and the same choices of needle driver

Video 1. Participant orientation video. To standardize ori-
entation, this video was presented to each participant and
covered at a high level, the rationale for the trial and the
specifics of the exercises. Detailed video descriptions were
also made available to the participants. Video created by
AAGL. Used with permission.

Scan this image to view Video 1 on
your smartphone.
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or grasper offered in L-3. The target and its
configuration were also identical, but the
suture was a 15 cm length 2-0 braided polyga-
lactin construct with a swedged-on and tapered
curved needle. After passing the suture
through the marks on the Penrose, the defect
was approximated with a knot comprising
three intracorporeally formed throws, the first
of which was a double throw; the exercise
ended when the suture was cut. The maximum
allowed time and errors recorded were identi-
cal to those for L-3.

L-5. Laparoscopic running suture (Fig. 1E, Video 6)
The participant was asked to use laparoscopic
instruments and a running 20-cm 2–0 polyga-
lactin suture with a swedged-on curved needle
to approximate the long fenestration in a piece
of Penrose drain marked with five pairs of
black “targets and attached to three contiguous

Fig. 1. Essentials in Minimally Invasive Gynecology laparo-
scopic exercises. A. L-1 sleeve-peg transfer. Participants were
provided two Maryland grasping forceps. B. L-2 pattern cut.
Each participant was given a Maryland grasping forceps and
curved laparoscopic scissors to cut the circle pattern. C. L-3
extracorporeal tie. Participants were provided their choice of
two laparoscopic needle drivers (left inset) or one needle
driver and a Maryland grasping forceps. Ties were thrown
extracorporeally (left) and transferred into the trainer box using
one of two choices of knot manipulators (center and right
insets). D. L-4 intracorporeal knot. The same choice of needle
drivers provided for L-3 used to form a knot with three intra-
corporeal throws. E. L-5 running suture. The same choice of
needle drivers was offered (inset) to close the fenestration in
the long Penrose with five paired targets. Photos of participants
reprinted from Essentials in Minimally Invasive Gynecology
manual skills pilot validation trial. Munro MG, Brown AN,
Saadat S, Gomez N, Howard D, Kahn B, Stockwell E, et al. J
Minim Invasive Gynecol 2020; 27:518–534, Copyright 2020,
with permission from Elsevier.

Munro. Essentials in Minimally Invasive Gynecology. Obstet Gynecol
2020.

Video 2. Exercise L-1: sleeve-peg transfer. Participants
were asked to select a side of the trainer box and were
provided two 5-mm laparoscopic outside diameter lapa-
roscopic Maryland forceps. The exercise comprised moving
each of the six sleeves on the floor-mounted peg module to
one of the six pegs located in panels one through five of the
LaparoBowl, making at least one transfer from one forceps
to the other in the process. Once this was accomplished,
the participant was asked to reverse the process. Video
created by AAGL. Used with permission.

Scan this image to view Video 2 on
your smartphone.
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internal panels of the LaparoBowl.” Exer-
cise time was recorded as were targeting,
approximation, avulsion and other errors.
Maximum allowable time was 600 seconds.

H-1. Hysteroscopic targeting (see Appendix 2,
http://links.lww.com/AOG/B925, Video 7)

The participant was provided a hysteroscope
with a 30-degree lens prepositioned in a sheath
that included a 5-Fr operating channel contain-
ing a specially designed 4 Fr probe. The par-
ticipant was asked to identify, properly orient
and then use the probe to depress the 10 num-
bered targets in the simulated endometrial cav-
ity in the order announced by the testing
proctor. Exercise time and errors were re-
corded.

H-2. Hysteroscopic foreign body (or polyp)
removal (see Appendix 2, http://links.lww.com/
AOG/B925, Video 8)

The participant was provided the same hys-
teroscope assembly as described for H-1 but

with grasping forceps prepositioned in the
operating channel. The forceps were used to
grasp, detach and remove 10 small silicone
“polyps” from the simulated endometrial cav-
ity in the order announced by the testing proc-
tor. Elapsed time and errors including dropped
targets were recorded.

Approval for the overall study was obtained
from the ACOG’s institutional review board,
Approval No. 38. Each of the academic sites also
received approval from their local human partici-
pants institutional review board or appropriate
ethics committee.

Scan this image to view Video 3 on
your smartphone.

Video 3. Exercise L-2: pattern cut. The participant selected
a side of the trainer box and was provided 5-mm outside
diameter (OD) laparoscopic scissors and a 5-mm OD
Maryland grasper. The exercise goal was to cut out the
central circle, incising only the top layer of the gauze, and
without the cut transecting the inner or outer boundaries.
Video created by AAGL. Used with permission.

Scan this image to view Video 4 on
your smartphone.

Video 4. Exercise L-3: extracorporeal tie. After selecting
a side of the trainer box, each participant was provided
laparoscopic scissors and then chose a standardized, non–
self-righting Fundamentals of Laparoscopic Surgery lapa-
roscopic needle driver and another grasping instrument—
either another identical needle driver or one of the Mary-
land forceps. The exercise goal was to pass a 90-cm 2-0 silk
suture with a swedged-on 26-mm, 1/2 curved and tapered
needle through the paired target marks on the Penrose.
Then, participants approximated the linear defect with
a knot comprising three, single, extracorporeally formed
throws, each sequentially transferred into the trainer and
tightened with a choice of two knot manipulators. To end
the exercise, the participant was required to cut both ends
of the suture with the laparoscopic scissors. Video created
by AAGL. Used with permission.
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Candidates at the academic medical centers were
recruited by the local Principal Investigator and asked
to complete the anonymous web-based survey that
included a scoring system designed to identify appro-
priate participants for the four cohorts. A score of
0 meant no exposure to simulation or surgery, and
a score of 1 meant minimal exposure to diagnostic
procedures and no surgical experience (Appendix 5,
available online at http://links.lww.com/AOG/B925)
(Fig. 2). The cohorts were defined both by level of
training and self-described exposure to hysteroscopic
and laparoscopic surgery and surgical simulation.
Qualified candidates were provided a unique study
number that allowed anonymous participation and
storage and analysis of data. The key linking the study
number to the participant’s identification and contact
information was stored securely in a web-based elec-

tronic database, with access limited to the Principal
Investigator and selected study personnel.

The three study proctors were selected based on
a spectrum of skills and knowledge as well as
performance in the pilot study.6 Each was trained to
be proficient at both assembling and troubleshooting
the study systems that comprised mechanical and
endoscopic equipment as well as computer hardware
and software. Proctors were made responsible for
maintaining the integrity of study data and protocols,
including candidate orientation, conduct of study ex-
ercises and appropriate acquisition, labeling and stor-
age of videos and test specimens. Each proctor was
trained to use the data-entry systems, which com-
prised electronic tablets with touchscreens that al-
lowed for secure web-based data entry. The study
psychometrician observed the activities at the first
study site and then participated in subsequent review
and discussions, as appropriate.

Scan this image to view Video 5 on
your smartphone.

Video 5. Exercise L-4: intracorporeal tie. The participant is
positioned and provided laparoscopic scissors and the
same choices of needle drivers or grasper offered in Exer-
cise L-3 (Video 4). The exercise goal was to pass a 15-cm 2-
0 polygalactin 910 suture (Vicryl), swedged onto a 26-mm,
1/2 curved tapered needle through the marks on the Pen-
rose and approximate the defect with a knot comprising
three intracorporeally formed throws, the first of which was
a double throw—a surgeon’s knot. The maximal allowed
time and errors recorded were identical to those for Exer-
cise L-3. Video created by AAGL. Used with permission.

Video 6. Exercise L-5: running suture. Standing on one side
of the trainer box, participants used a running suture to
approximate a 5.4-cm longitudinal fenestration in a 9.5-
cm-long, and 1.9-cm-wide (when flattened), thick-caliber
Penrose drain. The Penrose, with five pairs of 2-millimeter
diameter black targets, each one 3 mm from the fenestra-
tion and spaced at 0.95-cm intervals. The suture, a braided
2-0 polygalactin 910, swedged onto a 26-mm, 1/2 curved
tapered needle, was 20 cm long with an anchoring knot
located 18 cm from the swedge point of the needle. Video
created by AAGL. Used with permission.

Scan this image to view Video 6 on
your smartphone.
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In each of the locations or participating centers,
the test environment comprised three dedicated areas:
one for the structured orientation process and two for
system orientation, participant testing, and data acqui-
sition, all made free of potential disturbances.

All study data, including participant qualification
questionnaires and testing data, were stored on a cloud-
based server using Secure Socket Layer for data
transmission, data storage encryption, and password-
based access for data retrieval. The server was designed
with data storage redundancy to protect against possi-
ble data loss. Access to the study data was strictly
limited to the principal investigator, the co-principal
investigator, the statistician, the psychometrician, and
the selected AAGL staff who were directly assigned to
the Essentials in Minimally Invasive Gynecology pro-
ject. The deidentified data were provided to the
statistician and the psychometrician during data anal-
ysis and reduction to provide the final data and

statistical products to the investigator group led by
the principal investigator and co-principal investigator.

The testing proctors were trained to measure and,
when necessary, rate the performance exercises in the
field, entering data that included exercise times,
accuracy measurements and categorical variables into
the appropriate electronic data forms. For participants
who failed to complete a given exercise in the
predetermined maximum time, the exercise was
stopped, the maximum allowable time in seconds
entered and the exercise designated as “did not com-
plete.” Where applicable, study specimens were mea-
sured for both targeting accuracy and completeness,
with data recorded in the electronic system. For later
central review, study specimens were photographed
and then sealed in containers labeled with the partic-
ipant’s unique identification number. These included

Video 7. Exercise H-1: targeting. After positioning the tar-
get module on the base unit, the participant was seated and
provided a hysteroscope with a 30-degree Foroblique lens
prepositioned in a 5.5 mm outside diameter sheath with
a 5-Fr operating channel. A 4-Fr probe was used to depress
targets in the targeting module in a sequence announced by
the testing proctor. Once all 10 targets were depressed
successfully, the participant removed the hysteroscopic
assembly, whereupon timing was stopped by the testing
proctor. Video created by AAGL. Used with permission.

Video 8. Exercise H-2: polyp (foreign body) removal. The
foreign body removal exercise module was positioned with
a cassette loaded with 10 detachable 5-mm long silicone
foreign bodies or polyps. The participant was provided the
same hysteroscope assembly as described for Exercise H-1
(Video 7) but with a prepositioned 5-Fr hysteroscopic
grasping forceps used to grasp, detach, and remove the
polyp in an order announced by the testing proctor. The
participant was asked to repeat the process until all 10
targets were removed. Video created by AAGL. Used with
permission.

Scan this image to view Video 7 on
your smartphone.

Scan this image to view Video 8 on
your smartphone.
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pattern-cut materials from L-2 and the Penrose targets
for each suturing exercise; L-3, L-4, and L-5.

The central review was performed at the study
center by a different trained proctor who evaluated
both the video capture and the stored specimens. If
there was a time discrepancy of more than 5 seconds
or discrepancies in metrics related to accuracy, a third
review was performed by two proctors designed to
resolve differences. In such instances, a “final” score
was obtained for each of the parameters by consensus.

The primary outcome was distinction between the
novice and mid-level participants, and secondary out-
comes included comparisons of the proficient and expert
cohorts. For the pairwise primary and main secondary
outcomes, the statistical plan was designed to determine
whether any significant differences in scores and times
could be observed between two levels of training.

The sample size calculation was based on the
need to analyze data from at least 30 participants to
meet the assumptions of a normal curve under the
central limit theorem, thus allowing each cohort to
stand as its own normal distribution. To allow for
attrition and the possibility of incomplete data or data
errors, the target for each group recruitment was
increased to 40.

Captured simulation data were entered into an
Excel spreadsheet. Using Excel, 95% CIs were con-
structed around the differences between the novice
and mid-level means and the proficient and expert
means for each scored simulation outcome. Each

difference was subjected to hypothesis testing, where
H0: x12x250 and H1: x12x2.0. Thus, any CI
around a difference in means not including 0 would
indicate a difference in cohort performance significant
at the a50.05 level.

RESULTS

A total of 227 participants (77 novice, 70 mid-level, 33
proficient, and 47 expert) were enrolled from two
AAGL sites and from 13 academic centers represent-
ing all five ACOG regions (Table 1). Participants were
divided into cohorts by training status, self-reported
exposure to laparoscopic and hysteroscopic surgery
and related surgical simulation. For the second, and,
if necessary, the third and final analysis it was neces-
sary to have complete video for the exercise as well as
the study specimens. Full data were available on 67
novices, 61 mid-levels, 32 proficients, and 41 experts.
These 201 participants comprised the evaluable study
cohort, with the minimum sample size exceeded for
each of the categories.

Times for the five laparoscopic exercises (L1-5)
by group are shown in Figure 3 and can also be seen
in Table 2. In general, the mean times in seconds
(6SD) for the mid-level participants for all exercises
were significantly less than for the novices: L-1, 187
(645) vs 256 (659); L-2, 232 (655) vs 274 (638); L-3,
284 (6107) vs 344 (6101); L-4, 376 (6141) vs 481
(6126); and L-5, 420 (6100) vs 494 (6106). For those
in the expert group, exercise times were less than for

Fig. 2. Study flow. Potential partic-
ipants were identified by the site
principal investigator and offered the
web-based qualification survey to
determine qualification for the trial
based on residency year, or post-
residency status, as well as exposure
to laparoscopic and hysteroscopic
surgery and surgical simulation.
Those who could be included as
participants were provided a voucher
containing a unique and anonymized
identification number for scheduling
and then presentation at the time of
on-site testing. Testing was performed
by an Essentials in Minimally Invasive
Gynecology (EMIG) study team on
site. Trained proctors supervised reg-
istration, orientation, and the acqui-
sition of study data for each of the
five laparoscopic and two hystero-
scopic exercises.
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the proficient participants: L-1, 138 (630) vs 199
(650); L-2, 164 (651) vs 245 (651); L-3, 182 (662)
vs 294 (6104); L-4, 178 (671) vs 402 (6156); and L-5,
239 (676) vs 386 (6135). Many participants were not
able to complete a given laparoscopic exercise in the
allotted time and, in such instances, were assigned the
maximum time allocated for the given exercise for the
purpose of calculating the exercise completion times.
These did-not-complete rates are shown in Figure 4.
The novice cohort had high failure to complete rates

in all but the extracorporeal knotting exercise (L-3),
and for the mid-level and proficient groups, failure to
complete rates were greater than 15% for the Circle
Cut (L-2) and intracorporeal knot tying (L-4) exer-
cises. Only the expert group had negligible failure to
complete rates for all five laparoscopic exercises.

Candidates were also assessed for precision and
accuracy in each of the five laparoscopic exercises
(Table 3). For these calculations, only “completed-the-
task” elements were used for the denominator, which

Table 1. Enrolled Participants

Study Site
ACOG
Region Novice

Mid-
Level Proficient Expert Total

AAGL Annual Congress (Las Vegas, NV) N/A 0 0 0 30 30
AAGL (Los Angeles, CA) 5 0 0 5 0 5
Albert Einstein College of Medicine–Montefiore Medical Center
(the Bronx, NY)

1 11 8 0 0 19

Banner University (Phoenix, AZ) 5 5 5 1 1 12
Beth Israel Deaconess Medical Center–Harvard University (Boston,
MA)

1 5 4 0 0 9

Cedars-Sinai Medical Center (Los Angeles, CA) 5 4 1 3 2 10
Columbia University (New York, NY) 1 5 5 2 3 15
Emory University (Atlanta, GA) 3 4 5 0 0 9
Johns Hopkins University (Baltimore, MD) 3 6 3 0 2 11
MedStar Health Simulation Training & Education Lab–Georgetown
University (Washington, DC)

3 7 7 2 2 18

Northwestern University (Chicago, IL) 4 4 4 3 1 12
University of Toronto (Toronto, Ontario, Canada) 2 9 9 1 0 19
University of Wisconsin (Madison, WI) 4 5 8 4 0 17
University of Washington (Seattle, WA) 5 6 6 2 2 16
Vanderbilt University (Nashville, TN) 4 6 5 10 4 25
Total N/A 77 70 33 47 227

Novice: PGY-1 resident within 100 days of first day of training; mid-level, postgraduate year (PGY)-3 resident within 100 days of first day of
training year; proficient, American Board of Obstetrics and Gynecology (ABOG)–certified, no additional subspecialty training; expert:
ABOG-certified and completed 2-year fellowship in minimally invasive gynecologic surgery.

Fig. 3. Laparoscopic exercise
completion times. Mean exercise
times in seconds for the four co-
horts (standard error of the mean)
for each of the L-1 to L-5 exercises.
At the base of each bar is the
number of participants included in
the calculation for each exercise.
Variable numbers of participants
reflect the absence of recorded
video for some participants
because all required central verifi-
cation. If a participant timed out,
not completing the exercise, they
were assigned the maximum
allowable time. The error bars
indicate standard error of the
mean. PGY, postgraduate year;
FMIGS, fellowship in minimally invasive gynecologic surgery.
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varies according to task. For example, for L-1, drop-
ped or incorrect transfer of sleeves were recorded. In
this case, the mid-level group averaged the fewest
incorrect transfers, the expert group had the lowest
frequency of dropped sleeves, and novices had the
highest frequency.

Pattern cut (L-2) errors comprised crossing one or
both lines and cutting the bottom layer. Performance
here demonstrated a high degree of accuracy in the
expert group and relatively frequent errors for the
novices; the mid-level and proficient groups were
similar. Few in any group erroneously cut the bottom
layer (not shown). Extracorporeal (L-3) and intra-
corporeal (L-4) errors comprised accuracy (target
entrance and exit errors); tissue handling (avulsion
and tear through errors, not shown); and knot
construction (“air knots” and square knot errors).

These outcomes were similar to other groups where,
in general, the mid-level and proficient participants
were similar but superior to novices, and the expert
group scored highest overall. For some outcomes,
there were similarities between the experts and others,
including errors in square knot formation and the cre-
ation of one or more “air knots.” Running suture (L-5)
accuracy for the 10 targets is shown in Appendix 6
(available online at http://links.lww.com/AOG/B925)
and Table 3. In this exercise members of the mid-level
cohort were more accurate than the novice group, and
the expert group had greater overall accuracy (sum of
errors) than the proficient cohort.

The mean exercise completion times for the two
hysteroscopic exercises chosen for this trial are shown
in Figure 5, as well as Table 2. The hierarchy of com-
pletion times for H-1 and H-2 was similar to that

Table 2. Exercise Completion Times

Exercise Index Group n Time (sec) Comparator Group n Time (sec) Difference (sec) 95% CI

L-1 PGY-1 68 256659 PGY-3 60 187645 69 66–71
Proficient 32 199650 FMIGS 42 138630 62 59–65

L-2 PGY-1 72 274638 PGY-3 64 232655 42 40–44
Proficient 32 245651 FMIGS 43 164651 82 78–85

L-3 PGY-1 72 3446101 PGY-3 64 2846107 61 57–64
Proficient 32 2946104 FMIGS 43 182662 112 108–116

L-4 PGY-1 70 4816126 PGY-3 61 3766141 105 101–109
Proficient 32 4026156 FMIGS 43 178671 224 219–229

L-5 PGY-1 71 4946106 PGY-3 62 4206100 74 70–77
Proficient 32 3866135 FMIGS 43 239676 147 142–151

H-1 PGY-1 76 176656 PGY-3 67 141648 35 18–52
Proficient 31 141652 FMIGS 42 177633 24 3–45

H-2 PGY-1 76 200696 PGY-3 63 150637 50 26–74
Proficient 31 138633 FMIGS 43 120631 17 3–32

PGY, postgraduate year; FMIGS, fellowship in minimally invasive gynecologic surgery.
Data are mean6SD unless otherwise specified.
L-1, sleeve-peg transfer; L-2, pattern cut; L-3, extracorporeal tie; L-4, intracorporeal tie; L-5, running suture; H-1, hysteroscopic targeting; H-

2, hysteroscopic polyp removal.

Fig. 4. Laparoscopic exercise did-
not-complete rates. Percentage of
participants not completing the
task within the allotted time for
each of the L-1 through L-5 ex-
ercises. For these, the maximum
time allowed for the exercise was
assigned for the time calculations
shown in Figure 3 and in Table 2.
PGY, postgraduate year; FMIGS,
fellowship in minimally invasive
gynecologic surgery.
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Table 3. Exercise Quality Metrics

Exercise Metric
Index
Group n Value

Comparator
Group n Value Difference 95% CI

L-1 Incorrect transfer (n) PGY-1 58 0.461.0 PGY-3 57 0.260.5 0.3 20.1 to
0.6

Proficient 32 0.660.9 FMIGS 42 0.360.6 0.3 20.1 to
0.7

Sleeve drops (n) PGY-1 65 0.961.6 PGY-3 59 0.561.0 0.3 0.0–0.7
Proficient 32 0.661.4 FMIGS 42 0.260.5 0.4 0.0–0.9

L-2 Crossed inside line (n) PGY-1 71 0.560.8 PGY-3 63 0.360.6 0.2 20.1–0.5
Proficient 32 0.561.2 FMIGS 43 0.360.9 0.2 20.2 to

0.7
Crossed outside line (n) PGY-1 71 0.561.0 PGY-3 63 0.360.6 0.2 20.1 to

0.5
Proficient 32 0.260.4 FMIGS 43 0.060.2 0.1 20.1 to

0.4
Crossed either line (n) PGY-1 71 1.061.5 PGY-3 63 0.660.9 0.5 0.1–0.8

Proficient 32 0.761.2 FMIGS 43 0.360.9 0.3 20.1 to
0.8

L-3 Entrance errors (mm) PGY-1 71 0.460.7 PGY-3 66 0.260.5 0.2 20.1 to
0.4

Proficient 32 0.560.6 FMIGS 44 0.160.2 0.4 0.1–0.7
Exit errors (mm) PGY-1 72 0.961.3 PGY-3 65 0.561.1 0.4 0.0–0.8

Proficient 29 0.360.8 FMIGS 44 0.160.4 0.2 20.1 to
0.6

Air knot errors (n) PGY-1 72 0.460.6 PGY-3 65 0.360.4 0.1 20.1 to
0.4

Proficient 25 0.060.2 FMIGS 43 0.160.4 20.1 20.3 to
0.1

Apposition errors (n) PGY-1 71 0.260.4 PGY-3 63 0.160.3 0.1 20.1 to
0.3

Proficient 26 0.360.5 FMIGS 43 0.160.3 0.2 20.1 to
0.5

Square knot errors (n) PGY-1 71 0.360.4 PGY-3 63 0.160.3 0.2 0.0–0.4
Proficient 25 0.060.2 FMIGS 42 0.160.3 0.0 20.3 to

0.2
L-4 Entrance errors (mm) PGY-1 68 0.360.9 PGY-3 65 0.160.2 0.3 0.0–0.5

Proficient 30 0.260.4 FMIGS 44 0.160.2 0.1 20.1 to
0.4

Exit errors (mm) PGY-1 68 0.661.2 PGY-3 63 0.460.8 0.3 20.1 to
0.6

Proficient 31 0.460.6 FMIGS 44 0.160.2 0.3 0.0–0.6
Air knot errors (n) PGY-1 42 0.260.4 PGY-3 50 0.260.4 0.0 20.2 to

0.3
Proficient 20 0.260.4 FMIGS 42 0.260.4 20.1 20.4 to

0.2
Apposition errors (n) PGY-1 53 0.860.4. PGY-3 57 0.860.4 0.0 20.2 to

0.3
Proficient 27 0.760.4 FMIGS 44 0.960.3 20.1 20.4–0.2

Square knot errors (n) PGY-1 46 0.860.4 PGY-3 54 0.860.4 0.0 20.3 to
0.2

Proficient 27 0.960.4 FMIGS 44 0.960.3 0.0 20.3 to
0.3

L-5 Targeting errors (mm) PGY-1 73 5.666.7 PGY-3 67 2.563.7 3.0 2.3–3.8
Proficient 32 4.968.1 FMIGS 44 0.661.3 4.3 3.3–5.4

Apposition errors (n) PGY-1 72 3.262.6 PGY-3 62 2.162.1 1.1 0.5–1.6
Proficient 30 2.262.1 FMIGS 40 0.660.9 1.6 1.0 to 2.2

H-1 Error-free task completion
(n)

PGY-1 76 1.060.1 PGY-3 69 1.060.2 0.0 0.0–0.1

(continued )
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demonstrated in the laparoscopic exercises, but the
differences, although significant, were not as pro-
found. The novice group had longer mean completion
times in seconds (6SD) than the mid-level group:
H-1, 176 (656) vs 141 (648); and H-2, 200 (696)
vs 150 (637). The proficient cohort had longer times
than the expert group: H-1, 141 (652) vs 117 (633);
and H-2, 138 (633) vs 120 (631). The expert cohort
performed better than the other three and the mid-
level and proficient groups had similar times for each
of the two exercises. Unlike the laparoscopic exer-
cises, virtually all of the participants in each group
completed each of the two hysteroscopic tasks, and
targeting errors were similar (Table 3).

DISCUSSION

The Essentials in Minimally Invasive Gynecology
simulation-based assessment demonstrates multiple
sources of evidence supporting construct validity.
The unique nature of being gynecologic surgery-
specific allowed the study to reflect the construct it
was intended to measure—laparoscopic and hystero-
scopic skills. Response process validity evidence is
supported through a rigorous review process of the
tasks incorporating quality control and an evaluation
of rater discrepancies to align the scores with the in-
tended construct. The availability of video capture
and centrally stored specimens allowed for a struc-
tured remote review and analysis of all participants

Table 3. Exercise Quality Metrics (continued )

Exercise Metric
Index
Group n Value

Comparator
Group n Value Difference 95% CI

Proficient 31 1.060.0 FMIGS 43 1.060.2 0.0 0.0–0.1
Targets in view (n) PGY-1 76 8.862.5 PGY-3 69 8.762.6 0.1 20.8 to

0.9
Proficient 31 9.461.3 FMIGS 41 9.161.7 0.3 20.4 to

1.0
H-2 Error-free task completion

(n)
PGY-1 71 0.060.2 PGY-3 63 0.060.1 0.0 20.1 to

0.1
Proficient 28 0.160.3 FMIGS 41 0.060.0 0.0 0.0–0.2

PGY, postgraduate year; FMIGS, fellowship in minimally invasive gynecologic surgery.
Data are mean6SD unless otherwise specified. 95% CIs with unrounded ranges that do not include zero are significant at the alpha50.05

level. These rows are bolded for emphasis.
L-1, sleeve-peg transfer; L-2, pattern cut; L-3, extracorporeal tie; L-4, intracorporeal tie; L-5, running suture; H-1, hysteroscopic targeting; H-

2, hysteroscopic polyp removal.
In some instances, the totals for a given cohort are less than the overall cohort. These differences reflect identification of data-entry errors.
The metrics for each of the seven exercises that are unrelated to time are shown. These comprised manipulation errors such as dropping

a sleeve (L-1), errors in knot formation (L-3 and L-4), and targeting accuracy such as crossing boundaries (L-2) or missing a hysteroscopic
(H-1) or suturing target (L-3, L-4, and L-5). For H-1 and H-2, the frequency of completing the given exercise without errors is reported.
The “Targets in view” metric for H-1 reflects the testing proctor’s impression of the participant clearly viewing the target, rather than
partially viewing it before depression of the target.

Fig. 5. H-1 and H-2 completion
times. Completion times in sec-
onds (6standard error of the
mean) for the two hysteroscopic
exercises, by cohort. The denomi-
nators vary and are less than the
overall cohort because a complete
video was necessary to centrally
validate the participants’ time.
PGY, postgraduate year; FMIGS,
fellowship in minimally invasive
gynecologic surgery.
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by more than one rater, a circumstance that largely
removed observer error as a confounder.

The Essentials in Minimally Invasive Gynecology
simulation-based assessment distinguished a spectrum
of performance outcome variables between groups,
thereby supporting the interpretation that perfor-
mance is related to participants’ training level. Differ-
ences were demonstrated for both the primary
outcome comparisons of novice (PGY-1) compared
with mid-level (PGY-3) residents and the principal
secondary outcome comparison of ABOG-certified
proficient gynecologic surgeons without subspecialty
training compared with those expert ABOG-certified
ob-gyns who had completed an accredited 2-year fel-
lowship in minimally invasive gynecologic surgery.
These outcomes are even more discrepant when con-
sidering the high frequency of “failure to complete”
tasks in the novice cohort, a circumstance that was
also present to a degree in the mid-level and proficient
groups, at least when compared with the expert
cohort. These differences were generally lessened
because calculation of both time and accuracy could
not be performed if an exercise was not completed,
a circumstance that occurred more often with decreas-
ing level of training. Interestingly, the differences in
performance were more pronounced for the five lap-
aroscopic than the two hysteroscopic exercises. The
reasons for this observation are not clear but may be
related to a relatively lower degree of difficulty of
hysteroscopic exercises.

The similar performance of the mid-level residents
compared with the proficient cohort could reflect some
selection bias. The mid-level residents were all from
centers where there was an interest and experience in
simulation-based medical education, usually with an
established fellowship in minimally invasive gyneco-
logic surgery program, which may not be representa-
tive. Expert surgeons performed at a superior level in
time and accuracy in almost all of the categories.

The strengths of this validity trial include the
large sample size from multiple centers that com-
prised regionally representative training programs.
The rigorous design included field and centrally
performed analysis of both time and measures of
accuracy. In addition, the study used a contemporary
validity framework describing how assessment inter-
pretations can support defensible decisions, whereas
the majority of the studies described by Cook et al in
a meta-analysis used “an outdated or incomplete
framework to interpret validity data, if they used
any framework at all.”11,12

There are limitations to the study. As stated, there
could be selection bias, particularly for the mid-level

cohort, for which training, including simulation-based
medical education, may have been more robust than the
average U.S. program. The proficient cohort, though
meeting the sample size requirements, was nonetheless
less regionally representative, and, consequently, perfor-
mance characteristics might vary with a larger sample
from a broader geographical spectrum. A larger study
including community programs without a fellowship
in minimally invasive gynecologic surgery could provide
additional insight. It is also possible that the posttraining
experience of the proficient and expert cohorts contrib-
uted to differences in performance. Although this variable
was estimated in the survey, a more rigorous evaluation
might provide evidence of a more granular nature.

The long-term significance and consequence evi-
dence of the Essentials in Minimally Invasive Gynecol-
ogy simulation-based assessment was neither evaluated
nor defined at the outset of this study. Consequence
validity evidence examines the intended and unintended
implications of deciding to use an assessment on
downstream outcomes (eg, health systems, surgical
practice variation, surgical outcomes, and what is not
taught in order to learn how to pass the assessment).
Despite its importance, consequence evidence is rarely
reported as part of health professions’ education validity
studies (5–20%) and is lacking for utilization of the Fun-
damentals of Laparoscopic Surgery examination system
for obstetrics and gynecology trainees.8,13 As future stud-
ies are developed, consequence evidence will be an
important factor when determining whether to continue
to require Fundamentals of Laparoscopic Surgery or
adopt modified or new high-stakes simulation-based as-
sessments that have stronger content validity evidence
such as Essentials in Minimally Invasive Gynecology.

Providing a context for the development and
assessment of both laparoscopic and hysteroscopic
skills is an important educational element, perhaps
critical for safe and effective contemporary gynecologic
surgery. However, and despite its adoption as a crite-
rion for ABOG certification, there has been only one
published assessment of the construct validity of the
Fundamentals of Laparoscopic Surgery platform
among trainees in gynecologic surgery.3 Investigators
showed that comparative performance in standardized
tasks using the Fundamentals of Laparoscopic Surgery
box simulator could distinguish skilled from unskilled
surgeons. There are still relatively few hysteroscopic
simulation articles available in the literature published
since the mid-1990s (Wallwiener D, Rimbach S,
Aydeniz B, Pollmann D, Bastert G. Operative hystero-
scopy: results, security aspects, in vitro simulation
training (hysterotrainer) [abstract]. J Am Assoc
Gynecol Laparoscopists 1994;1:S39; and Lefebvre Y,
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Cote J, Lefebvre L. Teaching surgical hysteroscopy
with a computer [abstract]. J Am Assoc Gynecol Lap-
aroscopists 1996;3(Suppl 4):S25).14 Only a limited
number, and with variable quality, have evaluated con-
struct validity,15–19 and none have demonstrated pre-
dictive validity.20,21 Those described in the literature
are usually assessments of virtual reality devices that,
because of cost, may limit access for most trainees and
training programs.22 The Essentials in Minimally Inva-
sive Gynecology Hysteroscopy Simulation System is
a “low-fidelity” modular system that may provide an
opportunity to expand this critically important aspect
of gynecologic simulation because of its dramatically
reduced cost compared with virtual reality systems.
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