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Background: Three-dimensional (3D) video systems offer better depth perception and are associated with
improved performance during endoscopic or robotic surgery. We compared the impact of a 3D video system
with a two-dimensional (2D) video system on a simulation program for uniportal thoracoscopic surgery.
Methods: We launched an endoscopic simulation program for uniportal surgery using a 3D high-definition
video system for training surgeons and medical students. This program included three basic surgical skills:
(I) peg transfer, (II) passing a needle through a 3-mm hole, and (III) suturing on a tailor-made skin model.
We evaluated the impact of 3D vision during simulation for uniportal surgery in each task. Overall, 113
trainees (85 surgeons in training and 28 medical students) who had not experienced a 3D video system
were registered in the program. The three surgical simulation skills were evaluated under 2D and 3D video
systems.

Results: The 3D video system allowed for shorter procedural times [92 participants (80.0%) in task 1,
102 (86.4%) in task 2, and 88 (74.6%) in task 3] and improved performance. Moreover, 65 s in task 1, 145 s
in task 2, and 32 s in task 3 were shortened using the 3D video system. Post-simulation survey revealed
improved depth perception (n=71, 60.2%) and handling of instruments on the uniportal surgical module
(n=39, 33.1%) as advantages of the 3D video system during simulation. Sixty (50.8%) trainees were not
negatively affected by the use of the 3D glasses; however, 53 (44.9%) felt eye discomfort during simulation.
Conclusions: We concluded that the 3D video system has potential advantages, such as improved procedure

time and handling of instruments, during basic simulation of uniportal surgery for surgical trainees.
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Introduction crucial for clinical research (2). The acquisition of the basic

skills for thoracoscopic surgery has become challenging

With the development of video-assisted surgery, despite the recent technical advances in endoscopic camera

thoracoscopic surgical procedures had also been popularized
and replaced by current open procedures (1). In training
for thoracic surgery, video-assisted thoracoscopic surgery
(VATS) has been an important curriculum for thoracic
surgical training of residents and medical students and
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systems, which include high-definition video systems or
three-dimensional (3D) video systems that were introduced
in the early 1990s (3,4). In addition, with recent widespread
application of robotic surgery in thoracic surgery, 3D
operative views in robotic surgery provided better
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Table 1 Characteristics of the study population (N=118)

Characteristics Value

Participants 113
Resident 85
Medical student 28

Age, mean = SD [range] (years) 31.5+2.5 [27-35]

Sex
Male 58
Female 60

surgical fields compared to two-dimensional (2D) views in
conventional thoracoscopy (5,6). In addition, recent surgical
video systems could also provide real-time 3D views with
potential benefits, such as improved depth perception,
similar to the current robotic system (7,8). Many studies
have reported comparable results between 2D and 3D
views for laparoscopic surgery (9-11) and thoracoscopic
surgery (12,13). They suggested that the greatest benefit
is enhanced depth perception, which enables precise
performance of the procedure within shorter procedural
times. Moreover, the 3D system has been known to
trainees shorten their learning curves for acquiring
surgical skills (14).

However, the current 3D video system is still not popular
and has not been used regularly in the thoracic surgical
field. This might be the result of previous experiences
of discomfort when using early 3D video systems, poor
image quality, uncomfortable 3D glasses, and low cost-
effectiveness in performing VATS (15). In addition, 3D
displays did not always present optimized views for every
surgeon. Such cases resulted in fatigue, dizziness, and
eye disturbances among inexperienced surgeon (8,16). At
present, despite the proposed enthusiasm for the use of
3D over 2D displays in endoscopic surgery, conflicting
evidence exists, and the benefits of 3D video systems and
their potential advantages in endoscopic surgery remains
controversial.

Our study aimed to investigate the effectiveness of 3D
displays in the training for uniportal VATS procedures
because the improved depth perception provided by 3D
displays might be accentuated in the uniportal approach.
Based on our experiences of uniportal VATS in thoracic
surgery since 2012, our center adopted the 3D video system
from 2013 to overcome the loss of depth perception.
Therefore, we launched the uniportal VATS training
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program with the 3D video system for surgery residents
and medical students. In the uniportal VATS approach,
the operative views and instrumentation are quite different
from the current conventional multi-port VATS approach
(17,18). The major differences include the cranio-caudal
direction through the projectile plane of the camera and
surgical devices which are similar to the operative view of
open thoracotomy (19,20). With such optical differences
associated with multiport and uniportal VATS, those who
perform uniportal VATS usually encounter hand and
eye discordance and require different psychomotor skills
because they must perform the VATS procedure in a 3D
space guided by 2D displays, which result in a loss of depth
perception when using the current conventional 2D video
system.

This study aimed at: evaluating the efficiency of 3D
displays (in comparison to 2D video systems) in the
uniportal VATS simulation for novice surgeons; defining
the exact role of 3D video systems in thoracoscopic surgery;
and determining its benefits, especially for the uniportal
VATS approach.

Methods
Participants

From May 2014 to February 2015, 85 residents in surgical
training (first and second year) and 28 medical students
who were interested in uniportal endoscopic surgery were
enrolled in this study (Table 1). The study was approved
by our institutional review board (IRB No. KUGH15143-
01). All participants consented by signing a document
approved by the institutional board of Korea University
Guro Hospital, which explained the study protocols via a
survey prior to performing simulation. All participants had
no experience of performing endoscopic surgery with 3D
video systems. They were asked to complete three tasks in
a uniportal endoscopic training module using 2D and 3D
views. With limited time, they completed three tasks with
alternating 2D and 3D views.

Training modules for uniportal VATS and equipment

Our simulation system consisted of 3-cm single hole
board for single incisional laparoscopic surgery (Covidien,
Norwalk, CT, USA), training module (pegboard with
five pegs and 4-mm ring pins, surgical sutures, and tailor-
made skin model for suturing), and endoscopic devices

J Thorac Dis 2018;10(6):3643-3650



Journal of Thoracic Disease, Vol 10, No 6 June 2018

T

» |
i 1 -y —
! | = M — {
Uniportal surgery simulator
s
| Il

- RN

A,
N
W'

Figure 1 Three-dimensional video system with uniportal

thoracoscopic simulation model.

(5-mm endoscopic grasper, dissectors, curved grasper, and
endoscopic needle holder). For 2D and 3D views, a surgical
video system (Viking Systems, Inc., Westborough, MA,
USA) with a 10-mm diameter 0° thoracoscope was used
by alternating 2D and 3D vision in each task. Dual high-
definition video monitors (32 inch; Sony, Japan) were used.
All participants wore passive, polarized glasses to view
3D images during 3D tasks. The monitors were placed at
200 ecm and 150 em from the ground to maximize the
imaging perception (Figure I).

Task description

Three surgical tasks, based on the Fundamental
Laparoscopic Surgery Program, were completed by all
participants to evaluate their performances in the basic
endoscopic skills using 3D views. Task 1 was peg transfer
within 200 s. Five rubber rings were placed on the right-
side pole of the pegboard, and these rings should be
transferred to the poles positioned on the left side by using
endoscopic graspers (Figure 2A4). Timing for this task began
when the participants touched the first ring and ended upon
completion of the last ring. Task 2 was needle (curved 3-0)
transfer through four small holes (3-mm diameter) from
left to right using needle holder or grasper (Figure 2B). The
time limit was 300 s, and timing began upon grasping the
needle and ended upon passing the last hole. Task 3 was
suturing within 100 s in a tailor-made skin model prepared
with 2-mm thick polyurethane patch to mimic the tactile
property of real skin (Figure 2C). The completion time
for participants to place a single stitch with an endoscopic
needle holder was recorded in this task. All participants
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Figure 2 Basic endoscopic surgical skill. (A) Peg transfer, (B)
needle passing through the 3-mm hole, and (C) suturing.

performed the three tasks, each using a 2D and a 3D view.

Surveillance of subjective data

All participants enrolled in this study completed
questionnaires before and after simulation. Before
simulation, the participants were asked about their previous
experiences of 3D views during surgery, VATS, robotic
surgery, and predicted benefits or disadvantages of 3D
system in training. After completion of all tasks, questions
included subjective rating of visual quality of 3D compared
to 2D, depth perception, any discomfort including eye
burn, ache, or tearing, and other physical discomfort.

Statistical analysis

Two parameters, namely, completion time and failure
rate in each task performed in the 2D and 3D views, were
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Table 2 Questionnaire before simulation

Question N (%)

Have you had any experience of laparoscopic/thoracoscopic
surgery?

Yes 63 (53.4)

No 55 (46.6)
Have you had any experience of robotic surgery?

Yes 36 (30.5)

No 82 (69.5)
Have you had any experience of uniportal VATS?

Yes 20 (16.9)

No 98 (83.1)

Have you had any surgical experience using three-dimensional
video system?

Yes 0
No 118 (100.0)

What do you think the potential benefits of three-dimensional
view when performing simulation?

Better handling of instrument 37 (31.4)
Better depth perception 32 (27.1)
Shorter procedural time 24 (20.3)
Maybe no difference with 2D views 15 (12.7)
| don’t know 10 (8.5)

compared using the paired #-test. Statistical analysis was
performed using GraphPad software (version 6, GraphPad
software, Inc., CA, USA), and statistical significance was
defined as P<0.05.

Results

In pre-simulation survey, the participants responded that
expected benefits of 3D video system compared to 2D
were better handling of instrument (n=37, 31.4%), better
depth perception (n=32, 27.1%), and shorter procedural
time (n=24, 20.3%) (Table 2). At simulation, the mean
performance time decreased in all tasks using 3D video
system (Figure 3). In task 1, 37 participants (31.4%) could
not complete the task within 200 s using 2D video system.
Using 3D video system, 92 participants (80.0%) showed
improved performance time (mean, 129+42 s) compared
to 2D (mean, 190£62 s; P<0.001), and all participants
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Figure 3 Time to completion in each task between two-
dimensional and three-dimensional videoscopic systems. (A) Peg

transfer; (B) needle passing through the 3-mm hole; (C) suturing.

completed the task within the time limit (P<0.001). In task
2, 102 participants (86.4%) showed shorter performance
time (mean, 182+59 s) and lower failure rate within the time
limit (n=5) when using 3D compared to 2D (mean, 328+83 s;
P<0.001) in which 45 participants failed (38.1%; P<0.001).
Moreover, using the 2D video system, 60 participants
(50.8%) could not perform task 3 within 100 s, and the
mean performance time was 100+29 s. However, in the
3D system, all participants completed the task within 100 s
(mean, 6719 s; P<0.001) and 30 (25.4%) showed shorter
performance time (P<0.001).
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Table 3 Questionnaire after simulation

Question N (%)

Did you feel any differences between 2D and 3D view during
simulation?

Yes 114 (96.6)
No 4(3.4)

If yes, which was the most advantage of 3D view compared to
2D view?

Improved handling of instruments 39 (33.1)
Better depth perception 71 (60.2)
Shorter procedural time 4 (3.4)

Have you had any eye discomfort (blurring, ache, tearing) when
doing procedures with 3D video system (or 3D glasses)?

Yes 53 (44.9)
No 60 (50.8)
| don’t know 54.2)

If yes, what do you think which was the most problematic of 3D

system during procedure
Eye discomfort during long-time procedure 38 (32.2)

3D glasses 15 (12.7)

On post-simulation survey, participants answered that
the differences were improved depth perception (n=71,
60.2%), improved handling of instrument (n=39, 33.1%),
and shorter procedural time (n=4, 3.4%). Sixty participants
(50.8%) felt no discomfort with 3D view and wearing 3D
glasses. However, 53 (44.9%) reported visual discomfort
including eye fatigue, blurred vision, and tearing during
simulation in 3D view (Tuble 3). There was no physical
deterioration among participants during simulation using
3D video system.

Discussion

Three-dimensional display has been evaluated in various
simulation programs and clinical studies in order to define
its exact role in surgery (21,22). To date, studies comparing
2D and 3D video systems using different surgical simulation
models suggested that 3D vision could provide improved
depth perception when performing endoscopic surgery and
it is advantageous for shorter procedural time (10,23).

To our knowledge, no previous study evaluating 3D
video system under uniportal environment has ever been
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reported. We hypothesized that described benefits of 3D
views (especially improved depth perception) might be
determined by individuals performing uniportal surgical
simulation. In this study, the use of 3D video system
during uniportal simulation showed improved procedural
times and success rate of the surgical skill within a limited
time in novice who had no experience of endoscopic and
robotic surgery. This implicate that 3D video system
might benefit trainees during the initial learning period.
Moreover, many participants wearing 3D glasses could view
the actual surgical field in 3D, which is advantageous for
surgical training. Studies on the effectiveness of simulated
training also had suggested that using 3D displays improved
surgical performance for both surgeons and trainees (10).
Enhanced depth perception is remarkable when performing
very delicate surgical procedures, such as dissection of
pulmonary vessel or lymph node or suturing of vessel or
bronchus, because of the projectile instrumental movement
in different optical views in uniportal environment than
in conventional multi-port VATS. In addition, uniportal
thoracoscopic surgery is a challenging approach even for
experienced multi-port VATS surgeon. Specific training
from experienced uniportal VATS surgeon is required to
perform complex procedures such as bronchoplastic or
vascular reconstruction. Three-dimensional views might be
helpful to a surgeon in training these complex procedures
through uniportal approach because the depth perception is
limited due to parallel movement of the instruments.

Nevertheless, the results of our post-simulation survey
indicated that 3D displays might produce eye discomfort
during simulation (15) even within a short time period.
Subjective data regarding physical stress, especially in the
eye, was one of the major limitations, although recent 3D
devices had changed to simple eyeglasses from initial heavy,
bulky head-mounted devices. Such eye discomfort including
visual blurring, pain, or tearing might not be clinically
significant and even could be decreased with repeated
training.

There have been conflicting evidences in clinical
application of 3D displays because most major surgeries in
VATS might need more than 2-3 h of wearing 3D glasses
despite different individual responses to physical stress by
3D displays. On the contrary, recent studies have indicated
that 3D display has many advantages, such as improved
performance time and short learning curve, at least in
using simulation module in novices (24). For training of
basic techniques in uniportal surgery, a trainee should be
familiar with the geometric characteristics of the uniportal
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surgical field, which is different from those of multi-port
thoracoscopic surgery. The instrument or scope moves in a
parallel manner during uniportal surgery, and this provides
direct view of the scope in the same direction, mimicking
the open surgery. In such situation, 3D views might help
the trainee to practice the uniportal surgery with improved
depth perception and enhanced target discrimination.

The actual advantage of 3D displays in the actual surgical
field is yet to be established (8,25,26). The stereoscopic
view could offer a precise operative field and improved
surgical performance (27). However, mostly, these
outcomes have been reported from their 3D experiences
during laparoscopic surgery. For thoracoscopic surgery,
a few studies had described the utilization of 3D system
and showed a minor effect on VATS surgery. Currently, it
has been reported that a major VATS procedure (such as
lobectomy) could be performed with less surgical time using
a 3D video system. Moreover, no significant difference
was found in perioperative outcomes such as complication,
blood loss, chest drainage, hospital stay, and mortality
(12,28). Potentially, we could assume that 3D views during
VATS lobectomy might be advantageous for systemic
lymph node dissection, which is an essential part of lung
cancer surgery from the experiences of 3D views in robotic
surgery. However, the number of lymph node dissected was
not different between 2D and 3D VATS in randomized
trials and observational studies (13). Until now, except for
shortening operation times, it is unclear whether 3D video
systems are superior to 2D systems in the actual surgical
field. In addition, experienced surgeons who were familiar
with 2D displays might not prefer the unfamiliar 3D
displays due to a significant side effect attenuated in a long
operation time. Nonetheless, 3D display, although it was
not widespread among real surgical field and even among
active VA'TS surgeons, has potential benefits as surgical tool
in future technical development such as 3D high-definition
display without 3D glasses (29).

The limitations of this study are its study design,
procedures performed, and presented questions during
simulation course. We designed our study for junior
resident and medical students who have few experiences
of VATS or laparoscopic surgery. Hence, the simulation
tasks were composed of relatively basic procedures because
the participants could not handle the endoscopic devices
appropriately through a 3-cm single port for the first time.
In our study, we measured the completion time at each
task only once in both 2D and 3D views without interval
to minimize the learning effect of the prior task. However,
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the learning effect of prior tasks in 2D view might affect
the study result in 3D view. In addition, we surveyed the
subjective experiences of participants after simulation.
The scoring or grading was not used in the survey form
to evaluate their symptoms, such as eye discomfort or
inconveniences, because our aim was to evaluate the first
impression and the feasibility of 3D views during simulation
among the participants. We considered that the scoring or
grading of ocular symptoms might not be appropriate for
relevant outcomes in our study.

In conclusion, compared to the 2D video system, the
3D video system showed improved performance time
and reduced the number of errors in uniportal VATS
simulation. Subjective data among participants in this
study also indicated that 3D displays are advantageous for
uniportal VATS simulation with better depth perception
and better handling of endoscopic devices, especially for
trainees. The physical stress associated with using 3D views,
such as eye discomfort, should be resolved in the current 3D
endoscopic systems. Future studies are needed to evaluate
the benefits of 3D displays in the actual surgical field among
experienced VATS surgeon.
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