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Learning of VATS right lower lobe anterior-basal segmentectomy
(S8) on a 3D printed simulator
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Background: Thoracic Surgery has dramatically evolved over the past 15 years with a switch in practice
from exclusively open to a majority of minimal invasive approaches for the management of non-small cell
lung cancer (NSCLC) but also metastasis. For these indications, segmentectomies have become more
popular and have made an important comeback in the field. The current practice therefore represents a
challenge in the capacity of trained surgeons to teach these technically demanding surgeries to trainees in
a safe way. Here, we report our experience with 3D printed lung model simulators for the teaching of right
lower lobe anterior-basal segmentectomy (S8).

Methods: We used 3D silicone printed lungs with an anatomy showing bronchis, veins and arteries up to the
segmental level. With a weekly training protocol consisting of two residents supervised by a fellow and a staff
surgeon, we worked the practical approach of minimal invasive right lower lobe anterior-basal segmentectomy
(S8). Using the same instruments as in the operative theater and doing all dissection with the Harmonic® shears,
we were able to perform, in a way comparable to a procedure in patients, the steps of segment 8 resection. We
recorded the procedure, illustrated the anatomy and assessed the satisfaction of trainees with this approach.
Results: The video of a 3-port Video assisted thoracoscopic surgery (VAT'S) right lower lobe anterior-basal
segmentectomy (S8) in a 3D printed silicone model is provided. We choose a trans-fissure approach where
the interlobar artery was identified followed by the isolation and stapling of A8, B8 and V8. The parenchyma
was then stapled along the intersegmental plan to extract the segment. The approach was satisfactory for
residents who found the exercise useful to train thoracoscopic movements, to understand anatomy and the
stepwise approach.

Conclusions: Simulation approaches are useful for the teaching of residents and could be a useful tool to

integrate to the curriculum of trainees.
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Introduction surgeries. This change has shown many advantages for lung
cancer patients regarding quality of life improvements and

The surgical approach of non-small cell lung cancer postoperative pain decrease in prospective randomized trials

(NSCLC) has dramatically changed over the past fifteen (1-5). Video assisted thoracoscopic surgery (VATS) and
years. Thoracic surgery has switched from an almost robot assisted thoracic surgery (RATS) are now the most
exclusive open surgery to a majority of minimal invasive common modalities for lung cancer and metastasis surgery.
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Figure 1 Description of the Stupnik simulator setup. (A)
Stupnik® 3D insert representing a right lung with the integrated
representation of veins, arteries and bronchi. The upper, middle
and lower lobes are represented by the letters U, M and L
respectively. (B) The silicone is removed to show the venous
(blue arrow), arterial (white arrow) and bronchial systems (yellow
arrow). The latter respect the standard anatomy of these systems in
the insert. (C) Aspect of the simulator with a closed chest and the
placement of the alexis mini and thoracoports. (D) Instrumentation

for the making of the video.
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These approaches are currently favored for operable NSCLC
by the ESMO (European society of medical oncology), ESTS
(European society of thoracic surgery) and ATS (American
society of thoracic surgery) societies (1,6-8).

In parallel, segmentectomies have re-gained interest
in the thoracic surgery field. Segmentectomy was long
considered as inferior to lobectomy for the management
of NSCLC in terms of recurrence and oncological
prognosis (9). These were reserved for patients with low
cardiopulmonary functions or for progressing small (less
than 2 c¢m) ground glass opacities. The evolution and
quality of radiological imaging have since allowed to detect
more early stage NSCLCs and contributed to an increase of
interest in segmentectomy. Retrospective and prospective
randomized trials comparing segmentectomy to lobectomy
in small-sized peripheral NSCLC are encouraging and
found comparable overall survival in both groups (10). It is
thus likely that segmentectomies become more frequent in
the field of thoracic surgery in the near future.

The training of young surgeons to minimal invasive
surgery and segmentectomy is a challenge. Many thoracic
surgery training programs have moved from being a
specialization of general surgery to being a specific training
per se. Residents with little surgical experience must be
trained for complex procedures such as segmentectomy
using minimal invasive approaches. It thus seems inevitable
to have ex vivo training possibilities on simulators before
performing these procedures on patients. Many different
types of simulators have been developed all with advantages
and disadvantages regarding realism and ease of use.

Here we illustrate a right lower anterior basal
segmentectomy (S8) on a 3D printed silicone model used
for teaching purposes. We show the realism of this simple
simulator and report the surgical steps in a way similar to
that of patients. We also report trainee satisfaction.

Methods
Simulator

We used a Stupnik® (Johnson and Johnson) 3D printed
VATS Simulator model (Figure 14). This consists of a
silicone 3D printed right lung with a representation of
the veins in blue, the arteries in white and the bronchi in
yellow up to the segmental division (Figure 1B). This model
is placed in an artificial chest consisting of plastic ribs
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Video 1 The video shows the resection of segment 8 on the
Stupnik® 3D VATS simulator performed by a trainee and
supervised by a staff surgeon. The steps of the resection are
described with an anterior trans-fissure approach. VATS, Video

assisted thoracoscopic surgery.

covered by artificial skin (made out of plastic and foam).
This simulator allows for training of upper, middle and
lower lobectomy as well as most segments. Its silicone can
be dissected with forceps/scissors and also using heating
energy devices such as Harmonic® (Johnson and Johnson).
Three incisions were made on the chest wall: one utility
incision at the 4™ intercostal space and two incisions at the
6" intercostal space (Figure 1C).

Tower and instruments

A standard video thoracoscopy tower was used (Stryker)
and we had the same instruments as in the operative theater
(Scanlan VATS lobectomy instruments). All elements
are represented in Figure 1D. The Stryker HD camera
was docked on a 10-mm 30° thoracoscope. To dissect
the silicone of the 3D insert, we used Harmonic® shears
(Johnson and Johnson). The vessels (veins/arteries) and
bronchi were stapled using Ethicon staplers (45 mm blue
staples for bronchi and lung parenchyma and 45 mm white
staples for arteries and veins).

Course organization

The courses took place on weekly basis lasting 4 hours
with two residents learning to perform segmentectomy
procedures (6 residents in total) supervised by one fellow
or staff surgeon. This simulation training was performed
for 6 months. Each resident was operator or assistant for
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the procedure once. At the end of the course, the residents
filled a satisfaction questionnaire.

Video recording

The right lower anterior basal segmentectomy (S8) was
performed by a fellow and assisted by a staff surgeon. The
procedure was recorded on the Stryker® video thoracoscopy
tower and edited using Filmora9 (Wondershare corp ltd,
Lhasa China).

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). There was
no ethical commission involved given that there were no
patients.

Results

We performed all steps of a right lower anterior basal
segmentectomy (S8) on the Stupnik simulator in a similar way
to that in patients. We chose an anterior, three port approach.

The video of segment 8 resection was recorded (Video I).
Briefly, we started by dissecting the great fissure between
the middle and inferior lobes to identify the inter-fissure
artery as well as its branches destined to the middle lobe
(A5), posterior segment of the upper lobe (A2), apical
segment of the lower lobe (A6) and the basal segment of the
lower lobe (basal segment artery). We then proceeded with
the mediastinal pleural dissection and identification of the
lower (V7-10) middle (V4-5) and upper lobe veins (V1-3).
Finally, we identified the middle lobe bronchus in order to
safely staple the anterior portion of the middle and lower
lobe fissure. Then, by grasping the anterior portion of the
lower lobe we were able to dissect the basal segment artery
more distally and identify A7, A8 and A9 (A10 being more
difficult to see through an anterior trans-fissure approach).
We isolated A8 and divided it using a stapler. This allowed
exposure of the bronchial system destined to the middle
lobe and basal bronchus. The latter was dissected to
identify B7, B8 and B9 and B8 was isolated and stapled.
Finally, the veins were dissected and the branches identified
(V7, V8 and V9). V8 was isolated and devided. The final
steps of the segmentectomy consisted in the division of
the intersegmental plane which was performed using the
Harmonic and stapler.

Resident satisfaction was obtained using a questionnaire.
All (6/6) were satisfied with the approach. All (6/6) found
the model simple and thus still useful in the training of
surgical movements, the understanding of the anatomy and
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the learning/establishment of a stepwise approach for S8
resection. All (6/6) felt more comfortable to understand
and perform such a procedure on a patient and would
recommend such a program as part of their surgical
training.

Discussion

We report a novel training simulation training approach
for residents to improve their performance for minimal
invasive segmentectomy. This was possible with the use of
a 3D printed lung that can be dissected in a similar way to a
patient facilitating the recognition of anatomical landmarks.
Overall, we believe the model allows 3D orientation in a
chest, instrument placement and lung exposition, step by
step structure identification and isolation, parenchyma
sectioning and stapling. Resident satisfaction was great.
We believe that this approach could be a useful adjunct in
the training programs of residents. We chose to illustrate
a S8 segmentectomy, however this 3D-printed model can
also allow the training for all other types of segmental
pulmonary resections.

Current challenges in thoracic surgery training

The training in thoracic surgery in Switzerland was, until
2015, a sub-specialty of general surgery. Thoracic surgery
trainees thus all had a board of general surgery with a good
experience in basic surgical skills but also laparoscopic/
thoracoscopic procedures. Since 2015, thoracic surgery
has become a training per se with a requirement of only
2 years in general surgery. During the same period, most
thoracic surgery cases went from exclusively open (with easy
control of the vascular and bronchial central structures) to
minimal invasive approaches. This has created a challenge
for the training of residents by staff surgeons. To overcome
this, ex vivo training programs have emerged with the aim
to better prepare trainees to minimal invasive surgeries.
In particular, surgical dexterity, 3D orientation, anatomy
comprehension and instrument device handling can be
learned on these simulators. Simulation training was proven
to be a valuable asset in modern era surgical residency and
fellowship programs. Simulation can shorten the initial
steep part of the learning curve so that unexperienced
surgeons reach a higher proficiency level before arriving in
the operating room. These approaches help skill acquisition
without exposing patients to complications related to
operators’ inexperience (11). In this study, we show that
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the combination of a simulator with a recurrent structured
training period allowed for good resident satisfaction and
realistic teaching approaches. We believe that the dyad
training with a more experienced surgeon offers the best
results and satisfaction as opposed to self-training. This
is supported by the literature where educator guided
simulation programs helped better recognize the learners’
strengths and weaknesses, addressing personal learning
objectives and providing real-time feedback (12). This
enhanced the participants’ motivation and performance
(12,13). Also, dyad training seems to make the course more
cost/time efficient (13,14). Altogether, evidence from the
literature and our experience suggest that such training
programs could be interesting adjuncts to the training of
residents. In our institution, we have integrated these course
on a weekly schedule and have made them mandatory. It
will be essential in the near future to assess objectively how
such courses impact the performance of trainees on real
cases. A study is currently being planned with this objective.

Simulators in thoracic surgery

Currently, there is a wide range of simulation training
methods available for VATS that belong to two main
categories: “dry” or “wet” modules. Wet lab modules
are considered as the ideal training platform due to their
realistic feedback and real tissues/anatomy they provide.
For this reason, Swine wet labs are very commonly used
in the field of thoracic surgery (15). However, ethical and
hygiene concerns make their use difficult and limited (16).
Dry modules include box trainers, surgical simulators with
evaluation software, virtual reality (VR) and augmented
reality (AR) tools, synthetic mannequins and more recently,
3-dimensional (3D) printed anatomically accurate replicas
of organs. The main disadvantages of VR and AR tools
include costs and the lack of flexibility of the models
which are designed for one specific procedure (17). On
the other hand, 3D printed simulation models seem to be
a good compromise offering a descent feedback, accurate
anatomical representation and ease of use. We chose here a
3D printed silicone model. The costs of such an approach
could be covered by industry sponsoring (see conflicts
of interest) and the inserts could be used for more than
one procedure. We found that the compatibility of this
model with the surgical instruments and the prominent
haptic feedback, made the overall training experience
relatively close to reality. It allowed a good surgical reflex
training regarding tissue handling, economy of movements
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and overall technical dexterity. The essential anatomic
structures required for pulmonary anatomy teaching were
present. Some elements still require improvement: the
rigidity of the silicone parenchyma remains problematic.
We have noticed that the training of basal or posterior
segmentectomies was more challenging for exposure in
the model. This type of issue could be overcome by the
development of an insert with a softer silicone. Some
movements are more difficult to perform than in real
surgery (i.e., fissure completion, exposure) and falsely give
the information of an increased strength maneuver which
could lead to lesions on patients.

Integration in the standard cursus and library for
preparation of cases

Our results and evidence found in the literature suggest that
simulator based educational programs should be an adjunct
in the curriculum of minimal-invasive surgery training.
Although most available data on this subject occur from
visceral surgery and gynecology (18), we believe that they
hold true in thoracic surgery. Over a very short training
period, our impression was that resident 3D orientation,
hand coordination and trainee satisfaction improved.
Ideally, multiple simulators, which all specifically help
improve some aspects of the surgery, should be proposed to
residents. This should facilitate the capacity of residents to
perform surgeries in patients and improve their exposure to
these frequent and still challenging situations.

Conclusions

Simulation training has gained an important role in modern
surgical education over the past years. In the field of
thoracic surgery, a discipline that has exponentially evolved
during the last decade with a radical shift over minimal-
invasive techniques, simulation training can be beneficial
in shortening the learning curve and in helping young
surgeons master new techniques in a controlled and safe
environment. We believe that simulation training should
complement current thoracic surgery residency programs.
For this reason, we have established a training course with
increasingly complex objectives that are performed by
trainees of our division during weekly simulation sessions.
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