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Abstract

Objective: To secure patient safety, skills needed for laparoscopy are preferably obtained in a non-patient setting.
Therefore, we assessed face and construct validity of performance of a salpingectomy in case of ectopic pregnancy
on the SimSurgery SEP VR simulator. Materials and Methods: Fifteen experienced gynecologists ( ‡ ESGE level 2)
and 17 novices (no laparoscopy experience) performed the Place Arrow (PA), Inspect Abdomen (IA), and Ectopic
Pregnancy (EP) tasks and evaluated realism and didactic value of the simulator on 5-point scales. Their task
performance was assessed according to the time needed to complete the tasks, total instrument path length, and
parameters that indicated quality of performance. Results: The experienced gynecologists performed the PA task
significantly faster ( p = 0.003, Mann–Whitney U-test) and with a shorter total instrument path length ( p = 0.001)
compared to novices. The experienced gynecologists performed the EP task significantly better on parameters that
indicate quality of performance, such as amount of blood loss ( p = 0.019), time to react to blood loss ( p = 0.020),
and time of suction in the air ( p = 0.007) compared to novices. Between both groups, no significant differences
were found at all for the IA task. Data from the questionnaire revealed that, in general, all participants had a
favorable opinion toward the EP module on the SimSurgery SEP. Conclusions: This study demonstrates that the
SimSurgery SEP simulator offers a realistic representation of the salpingectomy procedural task according to both
experienced gynecologists as well as novices (face validity), and that the simulator can discriminate between
different levels of expertise (construct validity) for the PA and EP tasks. The simulator is also perceived as an
important additional training tool for gynecological residents. ( J GYNECOL SURG XX:1)

Introduction

Over the years, laparoscopy has become the surgical
procedure of choice for the management of ectopic preg-

nancy.1–3 The laparoscopic approach has several potential ad-
vantages over laparotomy, such as faster recovery, shorter
hospital admission, less impact on reproductive health, and
better cosmetic results.3,4 However, the relevance of these ad-
vantages are strongly dependent on the laparoscopic skills of
the surgeon. Far fewer complications occur during laparoscopy
when the procedure is performed by an experienced surgeon, in
comparison to when the procedure is performed by a novice
surgeon.5–7 Tackacs et al. found that surgeon inexperience was
significantly associated with unintended laparotomy during
laparoscopic management of an ectopic pregnancy.7

Compared to open procedures, laparoscopy is more tech-
nically demanding and less efficient due to reduced dexter-
ity, impaired vision, and tactile feedback.8,9 The learning
curve to reach the desired level of proficiency in laparoscopic
skills is extensive. Therefore, it is preferable to train basic
skills for laparoscopy in a preclinical setting, which can be

done on virtual reality (VR) simulators.10–14 Several VR
systems are available that provide training in basic compo-
nent skills.12,15,16 Recently, systems also became available
that focus on procedural training as well, such as the Ectopic
Pregnancy (EP) module for the SimSurgery SEP VR simula-
tor (SimSurgery AS, Oslo, Norway). The objective of this
study was to assess the face and construct validity* of the
simulated performance of a tubectomy in case of ectopic
pregnancy on this simulator.16

Methods

Subjects

Fifteen experienced gynecologists from eight Dutch hos-
pitals participated in this study. Their experience was at least
at the second standard level of laparoscopy defined by the
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European Society for Gynaecological Endoscopy (ESGE). The
first or basic level covers diagnostic laparoscopy, steriliza-
tion, needle aspiration of simple cysts, and ovarian biopsy.
The second or intermediate level is reached by finishing nor-
mal training during specialization in obstetrics and gynecology
and consists of five salpingotomies for ectopic pregnancy, five
salpingectomies, five salpingecto-oophorectomies, eight ovar-
ian cystectomies, five adhesiolysis including moderate bowel
adhesions, and five treatments of mild or moderate endo-
metriosis including salpingostomy and salpingo-ovariolysis.
The third or advanced level requires extensive training and
consists of hysterectomy, myomectomy, treatment of incon-
tinence, surgery for severe endometriosis, extensive ad-
hesiolysis including bowel and ureter, and repair of simple
intestinal or bladder injuries. The fourth level comprises

repair of pelvic-floor defects, recto-vaginal nodules, onco-
logic procedures like lymphadenectomy, radical hysterec-
tomy and axilloscopy, and other procedures not yet
described.17

A second group was formed by 17 novices, who were
medical students with no laparoscopy experience. All sub-
jects participated on a voluntary basis. Before starting the
first task on the VR simulator, all participants were informed
about the aims and design of the study and gave their in-
formed consent.

Simulator

All tasks were performed on the SimSurgery VR Simu-
lator, using the SimSurgery Educational Platform (SEP) Basic

FIG. 1. (A) Overview of study protocol. (B) Photo of actual screen during maneuver in basic skill tasks (top and middle),
and photo of actual screen during instrument change in procedural task (bottom).
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and Ectopic Pregnancy modules. Before each task, the sim-
ulator software provided instructions and a demo video.
Haptic feedback was not provided by this simulator. How-
ever, during the tasks, the participants received additional
visual feedback, that is, color changes to indicate both suc-
cess and error. Results (e.g., total time, path length, blood
loss, number of errors, etc.) were recorded and presented to
the trainee as numerical data and in graphs to visualize the
learning curve after each exercise.

Tasks

All individual participants received standardized infor-
mation (verbal and software instructions) prior to com-
mencing the tasks on the simulator. Following the
instructions, participants performed the Place Arrow (PA)
task to become acquainted with the simulator. This task was
additionally used to verify the level of performance expected
by their previous live laparoscopy experience. Next, the
participants performed the tasks of the Ectopic Pregnancy
module—the Inspect Abdomen (IA) and Ectopic Pregnancy
(EP) tasks—twice (see Fig. 1A,B). The EP task focuses on
procedural skills, while the PA task trains bimanual tissue
manipulation and the IA task inspection of the abdominal
cavity, which are both basic skills. Overall performance on
the PA task was assessed by the time needed to accomplish
the task, total instrument path length (Fig. 2), and errors
made. Overall performance on the IA task was assessed ac-
cording to the time needed to accomplish the task, total in-
strument path length used (Fig. 2), and errors made. For the
EP task, the SEP simulator provides feedback on parameters
reflecting economy of surgery such as total time and path
length, as well as on items that indicate quality of perfor-
mance such as amount of blood loss, time to react to blood
loss, excessive traction, quality of salpingectomy with mini-
mal damage to related structures such as mesosalpinx, and
time of suction in the air.

Questionnaire

All participants filled out the first part of the questionnaire
prior to performing the tasks. This contained questions re-
lated to demographics and individual laparoscopic experi-
ence. After completing the tasks on the VR simulator, the
participants were asked to answer the remaining questions
and judge the realism, practicality, and didactic value of the
simulator and training modules on 5-point scales (where
1 = ‘‘fully disagree’’ and 5 = ‘‘fully agree’’).

Data analysis and statistics

SPSS v17.0 was used to analyze all data. As the simulator
performance data are non-parametric, differences between
groups were assessed using the Mann–Whitney U-test. We
analyzed the performance data with a one-tailed Mann–
Whitney U-test, while the two-tailed Mann–Whitney U-test
was used for assessing the questionnaire data. A p £ 0.05 was
considered statistically significant. For the questionnaire
data, the median and range are presented.

Results

Demographics

Thirty-two participants were recruited for this study. One
person was excluded from the experienced group because
fewer than 100 gynecologic laparoscopic surgeries had been
performed. The mean age of the experienced participants
was 47 years (range 33–59 years), compared to 24 years for
the novice participants (range 21–33 years; p < 0.001, two-
tailed Mann–Whitney U-test). Furthermore, 27% of the ex-
perienced participants were female compared to 65% of the
novice participants ( p = 0.034).

Of all experienced participants, 60% were performing
laparoscopy at the second standard level defined by the
ESGE, while 33% were performing laparoscopy at the third

FIG. 2. Time needed to accomplish the tasks (left) and total path length of the instrument tips covered upon completion of
the tasks (right).
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and 7% at the fourth standard level. None of the novice
participants had performed laparoscopy before. Regarding
previous experience on surgical simulators for laparoscopy,
the experienced group stated they had had significantly
more trials with laparoscopic simulators overall ( p = 0.010)
and VR-trainers in particular compared to the novice group
( p = 0.051).

Place Arrow task performance

The experienced group performed the PA task significantly
better than the novice group (time: p = 0.003; path length:
p = 0.001; Fig. 2). No significant differences between the
novice and experienced group were found on errors made.

We also carried out subgroup analyses comparing the
novice group to a gynecologist performing at the second and
third or higher standard level of laparoscopy defined by the
ESGE respectively. Again we found significant differences on
time taken and path length used upon completion of the task
(time: p = 0.038 and p = 0.002 respectively; path length:
p = 0.029 and p < 0.001 respectively) but not for errors made.
When we compared gynecologists performing at the second
standard level with gynecologists performing at the third or
fourth standard level defined by the ESGE, no significant
differences were found.

Face validity

After confirming that all participants performed at their
expected level of performance, we assessed the face validity
of the Ectopic Pregnancy module on the SimSurgery SEP. In
general, all participants had a favorable opinion toward this
module. There were no significant differences in opinion
between the novice and experienced group (Table 1). How-
ever, the movement of organs and tissue upon manipulation
was perceived to be not very realistic by both the experi-
enced participants and the novices.

Construct validity

No significant differences were found between the per-
formances of the novice and experienced group for the IA
task. Again we carried out subgroup analyses and found that
novices lost their target out of view more often than expe-
rienced participants performing laparoscopy at the second
standard level ( p = 0.026). They also had more frequent
camera–target collisions than experienced participants per-

forming at the third and fourth standard level of laparoscopy
defined by the ESGE ( p = 0.026).

For the EP task, the performance of the experienced group
did not differ significantly from the novice group with re-
gard to the time taken to accomplish the task and the total
instrument path length (Fig. 2), nor when subgroup analyses
were performed. However, on several parameters that in-
dicate quality of performance, significant differences were
found: amount of blood loss ( p = 0.019), time to react to
blood loss ( p = 0.020), and time of suction in the air
( p = 0.007; Fig. 3). Subgroup analyses showed that the novice
group spent significantly more seconds of suction in the air
compared to the experienced participants performing lapa-
roscopy at the second standard level ( p = 0.033) and third or
fourth standard level ( p = 0.018). Compared to the latter
group, the novices needed more time to react on blood loss
( p = 0.002) and ended the procedure with a higher amount of
blood loss ( p = 0.001). We also found significant differences
within the experienced group for amount of blood loss and
reaction to blood loss, parameters more adequately covered
by the gynecologists performing laparoscopy on the third
and fourth standard level ( p = 0.009 and p = 0.006 respec-
tively).

Didactic value

Both the novice and experienced participants had a fa-
vorable opinion toward the Ectopic Pregnancy module on
the SimSurgery SEP (Table 2). However, both novice and
experienced participants agreed that haptic feedback is nec-
essary to perform the EP task as well as to train with the
simulator. All participants strongly agreed that VR training
is important additional training for gynecological residents.
Even though haptic feedback could not be provided with this
simulator, both groups still felt that experience gained at the
SimSurgery SEP VR simulator can directly be used in daily
practice and that the simulator measures the necessary
values for determining the level of proficiency of the user.
The experienced group regarded background or patient in-
formation important for training laparoscopic skills on the
VR simulator.

There were no significant differences in opinion between
the two groups except for the item ‘‘localization of targets
ensured a fully relevant inspection of the abdomen in the
IA-task,’’ which the novice group rated significantly higher
than the experienced group ( p = 0.032).

Table 1. Face Validity of the Ectopic Pregnancy Module on the SimSurgery SEP VR Simulator

Total group
(n = 31)

Novice group
(n = 17)

Experienced group
(n = 14)

Camera navigation in the IA task resembles
clinical practice

Median (min–max) 4.00 (1–5) 4.00 (2–5) 3.50 (1–5)

The procedure trained (tubectomy for ectopic
pregnancy) resembles clinical practice

Median (min–max) 4.00 (2–5) 4.00 (2–4) 4.00 (2–5)

Movement of organs/tissue upon
manipulation appears real

Median (min–max) 3.00 (1–5) 3.00 (2–5) 3.00 (1–5)

Trocars are positioned correctly Median (min–max) 4.00 (2–5) 4.00 (2–5) 3.50 (2–5)
Dexterity is genuine Median (min-max) 4.00 (2–5) 3.00 (2–5) 4.00 (2–5)

Rating: 1 = ‘‘I fully disagree’’ to 5 = ‘‘I fully agree.’’ No significant differences were found between the novice and experienced group using
the two-tailed Mann–Whitney U-test.
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Discussion

The first studies done with laparoscopic VR simulators
focused on the training of general surgical skills by means of
component tasks. The added value of this type of preclinical
training has been proven.18 In recent years, additional lapa-
roscopic modules have been developed, focusing on training
in other specialties such as gynecology, for example the SEP
Ectopic Pregnancy Learning Module.19 Because these mod-
ules follow a different approach, their added value should be
assessed separately.

This study demonstrates that the SimSurgery SEP
simulator offers a realistic representation of laparoscopic

salpingectomy for ectopic pregnancy according to experi-
enced gynecologists (face validity) and that the simulator can
discriminate between different levels of expertise (construct
validity) for the PA task as well as for the EP task. Further-
more, participants in this study perceived the SimSurgery
SEP ectopic pregnancy module as an important additional
training tool for gynecologic residents.

Consistent with results published by Buzink et al. in 2009,
we found significant differences in performance between the
experienced and novice group for time and path length in the
PA task, confirming that all participants performed at their
expected level of performance.20 Based on our hypothesis
that the SimSurgery SEP can discriminate between different

FIG. 3. Additional parameters providing insight into the quality of the performance on the Ectopic Pregnancy task.

Table 2. Opinion Toward Contents and Didactic Value of the Ectopic Pregnancy Module

on the SimSurgery SEP VR Simulator

Total group
(n = 31)

Novice group
(n = 17)

Experienced group
(n = 14)

VR training is important additional training
for gynecological residents

Median (min–max) 5.00 (3–5) 5.00 (4–5) 5.00 (3–5)

Background (patient) information is important
for training on the VR simulator

Median (min–max) 4.00 (2–5) 4.00 (2–5) 4.00 (3–5)

Localization of targets ensured a relevant
abdominal inspection in the IA task

Median (min–max) 4.00 (1–5) 4.00 (2–5)* 3.50 (1–5)*

Camera navigation is a relevant procedure
before tubectomy on the simulator

Median (min–max) 4.00 (1–5) 4.00 (2–5) 4.00 (1–5)

Haptic feedback is necessary to perform the EP task Median (min–max) 4.00 (2–5) 4.00 (3–5) 4.00 (2–5)
Haptic feedback is necessary for training

with the SimSurgery SEP
Median (min–max) 4.00 (2–5) 4.00 (2–5) 4.00 (2–5)

Experience gained on the VR simulator can directly
be used in daily practice

Median (min–max) 4.00 (2–5) 4.00 (2–5) 4.00 (2–5)

SimSurgery SEP can reliably determine
the level of proficiency of the user

Median (min–max) 4.00 (2–5) 4.00 (2–5) 4.00 (3–5)

Rating: 1 = ‘‘I fully disagree’’ to 5 = ‘‘I fully agree’’; 3 = neutral. *p = 0.032 (two-tailed Mann–Whitney U-test).
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levels of expertise, we expected similar results for the IA and
EP tasks. For the EP task, the experienced group performed
significantly better than the novices on items that reflected
quality of performance, but, against our expectations, not
significantly faster or with shorter path length.

There are only a few studies available that have assessed
construct validity for laparoscopic salpingectomy in case of
ectopic pregnancy. These studies show that experienced
gynecological surgeons perform a simulated laparoscopic
salpingectomy significantly faster and with shorter instru-
ment path length compared to novice gynecological sur-
geons.10,14,21 These findings are consistent with published
literature on the construct validity of VR simulator training
in general surgery.15,22,23 However, Moore et al. demon-
strated that increased laparoscopic experience for gynecolo-
gists was associated with poorer performance on a simulated
laparoscopic task.24 They suggest that gynecologists may
have certain expectations about the feedback given by the
simulator that are not met and therefore have difficulty
adapting to the parameters measured. In our study, the gy-
necologists agree that haptic feedback is necessary for
training with the SimSurgery SEP overall (mean 4.00; 2–5),
and to perform the EP task in particular (mean 4.00; 2–5), and
therefore support this suggestion. Although VR training
without haptic feedback appears to be not realistic, research
proves that this does not affect the effectiveness of the
training.25

Apart from the lack of haptic feedback, which the experi-
enced group is accustomed to when in the operating room
(OR), possible other explanations for the fact that perfor-
mance on the PA task did not correlate with performance on
the EP task include novices hypothetically having more vi-
deogame experience because they are younger and therefore
acquire the skills needed to perform the simulated task fas-
ter.26,27 In addition, from our data on quality of performance
for the EP task, we hypothesized that novices might have
performed faster than expected because they have limited
insight into the possible complications of the procedure and
therefore work less accurately.

Several studies show that the differences between novices
and experienced participants also become more apparent
when more difficult tasks are performed.28,29 This poses the
question of whether the IA and EP task were difficult enough
to distinguish properly between novice and experienced
gynecologic laparoscopists. Another study conducted with
SimSurgery SEP again showed no significant differences
between novice and experienced groups when it came to
total time taken or path length used to accomplish the
camera navigation task, although both novice and experi-
enced participants perceived the camera navigation task,
which is similar to our IA task, as hard work and more
challenging than anticipated.30

At this moment, no studies are done as to whether training
with SimSurgery SEP really improves performance of novice
laparoscopists specifically in the OR. Most studies done to
investigate whether skills gained through training with a VR
simulator transfer to a clinical setting show a positive effect
of VR training.18,31–33 However, little is known as to what
training scheme results in acquisition of the most relevant
skills and thus leads to the best preparation before going into
the OR. Inevitably, more research needs to be done in this
area.
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