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Abstract
Background Video-assisted thoracic surgery (VATS) has become the standard for lung cancer diagnosis and 
treatment. However, this surgical technique requires specific and dedicated training. In the past 20 years, several 
simulator systems have been developed to promote VATS training. Advances in virtual reality may facilitate its 
integration into the VATS training curriculum. The present review aims to first provide a comprehensive overview of 
the simulators for thoracoscopic surgery, focused especially on simulators for lung lobectomy; second, it explores the 
role and highlights the possible efficacy of these simulators in the surgical trainee curriculum.

Methods A literature search was conducted in the PubMed, EMBASE, Science Direct, Scopus and Web of Science 
databases using the following keywords combined with Boolean operators “AND” and “OR”: virtual reality, VR, 
augmented reality, virtual simulation, mixed reality, extended reality, thoracic surgery, thoracoscopy, VATS, video-
assisted thoracoscopic surgery, simulation, simulator, simulators, training, and education. Reference lists of the 
identified articles were hand-searched for additional relevant articles to be included in this review.

Results Different types of simulators have been used for VATS training: synthetic lung models (dry simulators); live 
animals or animal tissues (wet simulators); and simulators based on virtual or augmented reality. Their role in surgical 
training has been generally defined as useful. However, not enough data are available to ascertain which type is the 
most appropriate.

Conclusions Simulator application in the field of medical education could revolutionize the regular surgical training 
curriculum. Further studies are required to better define their impact on surgeons’ training programs and, finally, on 
patients’ quality of care.
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Background
Since the first video-assisted thoracic surgery (VATS) 
lung lobectomy was performed in 1991 [1], the use of 
VATS has significantly increased, and it is now the gold 
standard for diagnosis and treatment in thoracic surgery 
[2–4].

Compared to thoracotomy, the VATS approach, by 
single or multiple ports, has been demonstrated to have 
advantages, including less postoperative pain, fewer com-
plications, enhanced postoperative recovery, shorter hos-
pitalisation, better tolerance to adjuvant chemotherapy 
and better quality of life [5–10].

However, this technique requires the use of a camera to 
view the surgical field and is more complex than the stan-
dard thoracotomy approach, with a potential major risk 
of damaging vessels or other vital structures with fatal 
consequences for the patient [11]. Learning this tech-
nique requires continuous and specific training: approxi-
mately 50 procedures performed in 1 year are required 
to overcome the learning curve. Currently, most educa-
tion takes place directly on patients during daily surgi-
cal activity under the responsibility of a senior surgeon; 
hands-on training is infrequent [12, 13]. Thus, different 
types of simulators have been developed and proposed 
over the years to facilitate the acquisition of the skills 
required to perform the VATS lobectomy technique in a 
risk-free environment for trainees and especially patients.

The present review aims to provide a comprehensive 
overview of the different simulators proposed for VATS 
lobectomy training. Second, it explores the role and high-
lights the possible efficacy of these simulators in thoracic 
surgical training.

Methods
The literature search was performed according to the 
PRISMA guidelines [14] and based on the PubMed, 
EMBASE, Science Direct, Scopus and Web of Science 
databases; the following keywords combined with Bool-
ean operators “AND” and “OR” were used: virtual reality, 
VR, augmented reality, virtual simulation, mixed reality, 
extended reality, thoracic surgery, thoracoscopy, VATS, 
video-assisted thoracoscopic surgery, simulation, simula-
tor, simulators, training, and education (see Appendix). 
No year of publication limit was set. Only English texts 
and original articles were included.

After the removal of duplicates, a review of titles and 
abstracts was conducted to identify articles of potential 
interest. These were retrieved for full-text analysis and 
included if deemed relevant. Reference lists were hand-
searched for additional relevant studies to include in this 
review. Studies focused on other surgeries, open thoracic 
surgery or paediatric surgery were excluded; thus, only 
articles focused on simulators for VATS training were 
included.

The heterogeneity of the included studies prompted us 
to synthesize the obtained data narratively.

This review did not involve human subject research, so 
institutional review board approval was not needed.

Results
The initial database search revealed 580 records pub-
lished between August 1978 and February 2022 (last 
update: February 18, 2022). The study inclusion process is 
summarised in Fig. 1.

Eighteen original articles were defined as eligible for 
inclusion in this review [15–32]. The main characteristics 
of the studies are summarised in Table 1.

Simulators are classified into three groups according to 
the system used to recreate the human chest and its con-
tents: wet simulators (animal tissues or live animals), dry 
simulators (synthetic lung models), and those requiring 
virtual reality (VR) or augmented reality (AR).

Human cadavers and live anaesthetised animals
Dell’Amore and collaborators reported their experience 
with the use of human cadavers to simulate three-portal 
VATS lobectomy [15]. In their study, the cannulation 
technique interestingly allowed the blood vessels to fill 
in a realistic way, demonstrating that this model could be 
effective for VATS training. The authors concluded that it 
could be considered a good alternative to live anaesthe-
tized animal models because all those who have trained 
on this model were able to complete all step of the opera-
tion and the score obtained from the questionnaire about 
the quality of the VATS simulation performed was high 
(the median total score was 40.5 out of a maximum score 
of 50) [15].

As an alternative to human cadavers, which often have 
limited availability, swine are one of the most commonly 
used animal models for surgical training, given their 
anatomical and physiological similarities with humans. 
Tedde et al. described the results of VATS lobectomy 
performed on 40 live swine, underlying the anatomical 
differences and the complications due to anaesthesia and 
to single lung ventilation: 26 animals (65%) developed 
intraoperative hypoventilation, and 4 (10%) of them died 
before the end of surgery; 8 (20%) had bradycardia, with 
2 (5%) deaths due to this complication [16].

Sheep have also been introduced as an animal model 
for VATS lobectomy training; according to users, sheep 
present an anatomy more similar to humans than swine. 
Following their experience with different courses in 
The Technological Center (Coruña University Hospital, 
Spain), de la Torre et al. affirmed that sheep was an excel-
lent animal model [17].

During surgical simulations on live animals, the pres-
ence of a veterinarian and an anaesthetist is required 
[16, 17]. It has also been reported that the use of live 
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animals for surgical training is not unequivocally 
accepted. Indeed, there are groups of animal rights activ-
ists, mainly in the United States and Europe, who fight 
against the use of animals for experiments and surgical 
training [33]. Among the large-scale lobbying activities 
organised by these groups, an example is the “Stop Vivi-
Section” initiative of 2015 [33, 34].

Wet and dry trainer boxes
Among the trainer boxes, Domhan and collabora-
tors developed TuThor, based on a complete porcine 

heart-lung complex where the swine anatomic details 
have been combined with a perfusion system and a 
rotatable thoracic cage based on human anatomy. This 
training device highly resembles the thoracic surgical 
field. Indeed, it was tested at the four hands-on training 
courses (Tübingen University Hospital, Germany) by 40 
participants, who stated that it was a suitable model for 
VATS training (87.5%) and that it was realistic for the 
level of detail and scale (76%). Moreover, it has low pro-
duction cost and no ethical concerns since the tissues 
used are a product of meat processing [18].

Fig. 1 PRISMA flow chart of included studies
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Ref. Participants (n) Simulator device Assessed Tasks Outcomes
15 12 surgeons Human cadaver VATS lobectomy (3-port anterior 

approach)
Time, questionnaire

16 Anaesthetized swine VATS upper left lobectomy (3-
port anterior approach)

Time, hypoventilation and bradycardia rate, 
mortality

17 Sheep VATS lobectomy (uniportal 
approach)

18 40 (chief physicians, 
senior doctors, consul-
tants and residents)

Trainer box: Tuebingen Thorax 
Trainer (TuThor)

Preparation of the hilum struc-
tures, bronchia and lymphad-
enectomy; ligation, clipping and 
use of the MicroCutter device; 
segment resection; suturing and 
anastomosis of the bronchia and 
free hands-on training

Questionnaire on “The used training setup is 
suitable for video-assisted thoracic surgery 
training” opinions

19 > 100 participants 
with previous clinical 
experience in thoraco-
scopic surgery and 17 
faculty members

Training box: porcine heart-lung 
tissue blocks

VATS lobectomy Qualitative data collected from faculty and 
course participants on simulator opinions

20 31 (novices = 13, 
intermediates = 6, 
experts = 12)

Training box: porcine heart-lung 
tissue blocks

VATS left upper lobectomy Time, errors, Likert scale and questionnaire 
on simulator evaluation in terms of fidelity 
and content validity

21 13 (senior cardiotho-
racic surgeons)

Training box: a left porcine heart–
lung block placed within the chest 
cavity of a mannequin

VATS left lobectomy Questionnaire and rating scales for perfor-
mance assessment based on the OSATS

22 55 (surgeons = 50; 
chest specialists = 5)

Training box: consisted of a blood 
flow source, vessels, bronchus, lung, 
and a human hemibody all made 
with synthetic materials

VATS right upper lobectomy /

23 Training box: consisted of a 
polyvinyl-alcohol (PVA) hydrogel 
mimicking real human anatomy and 
texture

VATS right lower lobe 
lobectomy,
right upper lobe lobectomy 
and mediastinal lymph node 
dissection

/

24 40 (Surgeons = 10; 
Control group = 10; 
self-guided group = 10; 
educator-guided 
group = 10)

Training box: D-Box Basic Simulator 
(SimSurgery AS, Norway)

3 task and then removing an 
artificial tumor from a porcine 
lung by wedge resection

Time, modified version of OSATS

25 VR simulator: gaming laptop 
PC + haptic feedback device used to 
control the surgical instruments

VATS right upper lobe resection /

26 28 (residents) Trainer box: D-BOX basic simulator. 
VR simulator: SEP (SimSurgery)

Remotion of a left upper lobe on 
a porcine heart and lung block 
on D-BOX simulator

Performance scores based on time and 
errors

27 103 (novices = 32, 
intermediates = 45, 
experts = 26)

VR simulator: LapSim (Surgical Sci-
ence, Gothenburg, Sweden),

VATS lobectomy of the right 
upper lobe using a three-port 
standardized anterior approach

Questionnaire on content validity, time, 
blood loss, right and left instrument path-
way, right and left instrument cumulated 
degrees

28 53 (novices = 17,in-
termediates = 22, 
experts = 14)

VR simulator: LapSim (Surgical Sci-
ence, Gothenburg, Sweden)

VATS right upper lobectomy (3 
port anterior approach)

Time, blood loss, right/left instrument path-
way length /angle, number of tool switches, 
stretch damage on vessel/ bronchus to 
middle/superior lobe, stretch damage on 
middle/superior lobe, number of vessels sev-
ered, number of time stapled on lobes, num-
ber of structures stapled without removing 
yellow band, number of time bronchus is 
crushed before stapling, number of incorrect 
stable reload used for bronchus/vessels

Table 1 Included studies main characteristics
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Meyerson et al. [19] proposed a trainer box based on 
a porcine heart-lung tissue block designed with the left 
lung up in a plastic box with multiple holes simulating 
the different combinations of VATS incisions. Pulmonary 
arteries and veins are individually suffused with ketchup 
to simulate bleeding. This simulator was tested by 100 
participants and 17 faculty members who provided quali-
tative feedback: this model was found inexpensive, easy 
to produce and effective for training surgeons at any 
level. Moreover, this simulator was tested by 31 resi-
dents (12 experienced, 6 intermediate and 13 novice) and 
shows acceptable fidelity, content, and construct validity. 
In addition, the 12 experienced participants were able to 
successfully complete the lobectomy, whereas only 4 of 
6 intermediate and 5 of 13 novices completed the sur-
gical procedure, so this simulator demonstrated to be 
able to distinguish between the competency of its users 
[20]. Thanks to these positive characteristics, in 2016, 
this trainer box was introduced in the Thoracic Surgery 
Department of Salamanca as part of a training program 
for minimally invasive surgery [35, 36].

Fann and colleagues developed 12 simulators for car-
diac or thoracic surgical simulation. In detail, for VATS 
lobectomy, they used a left porcine heart-lung block 
placed in the chest cavity of a mannequin with fixed 
working ports [21]. This simulator allows the identifica-
tion of anatomic landmarks, manoeuvring of the tho-
racoscope and pulmonary structures, dissection and 
encircling of hilar vessels and bronchus and division of 
the structures using endoscopic staplers. According to 
the study participants, this simulator was more complex 
than a clinical case due to the interspecies differences, 
but it allowed the simulation of many advanced manoeu-
vres [21].

Iwasaki’s group was one of the first to develop a model 
to assist training in VATS right upper lobectomy using 

only polyvinyl chloride components with pulsatile lungs 
in the absence of anaesthetized live animals. Fifty tho-
racic surgeons and five chest specialists who tested this 
simulator experienced tension resulting from injury to 
vessels and proved the pulsation of artificial blood flow. 
Indeed, the main components of this model were a blood 
flow source, vessels, bronchus, lung, and a human hemi-
body; the mechanism of this training simulator was based 
on vessels with circulating blood in a lung covered with a 
plastic replica of the human body [22].

More recently, Morikawa and collaborators described 
their three-dimensional rib cage and polyvinyl-alcohol 
hydrogel lung model, with a silicon-based “skin” flap that 
covers the model and in which the trainee can perform 
incisions for ports or access windows [23, 37]. This model 
could be considered an evolution of the model described 
in Iwasaki’s work [22], with a more realistic but more 
expensive structure and texture [37].

Finally, Bjurstrom and collaborators investigated the 
effect of training with the D-Box Basic Simulator (Sim-
Surgery AS, Norway), a commercial video-trainer simu-
lator, based on three scenarios of increasing fidelity 
and difficulty, with and without a dedicated educator. 
Using a modified version of a validated assessment tool, 
two thoracoscopic experts blindly and independently 
recorded and assessed the final standardised test (VATS 
lung wedge resection). Intensive simulator training with 
a dedicated educator has been shown to enable novices 
to perform an acceptable wedge resection in a simulation 
model. Moreover, although the difference observed in the 
final score was not significant, it should be underlined 
that the presence of the educator during the training led 
to a positive effect [24].

Ref. Participants (n) Simulator device Assessed Tasks Outcomes
29 41 (novices = 22, 

intermediates = 10, 
experts = 9)

VR simulator: LapSim (Surgical Sci-
ence, Gothenburg, Sweden)

VATS lobectomy for three dif-
ferent randomly chosen lobes 
utilizing the Copenhagen Stan-
dardized Anterior Approach.

Time, blood loss right/left/total instrument 
path length, right/left/total instrument angle 
movements, stretch damage on vessel/
bronchus/lobe

30 20 (trainees = 12, 
consultant = 8)

VR simulator: Lap Mentor simulator 
(Simbionix Products, Surgical Sci-
ence, Gothenburg, Sweden)

VATS right upper lobectomy OSATS, GOATS, NASA-TLX, and a compre-
hensive evaluation questionnaire

31 113 (surgeons in 
training = 85, medical 
students = 28)

VR simulator: single hole board 
for single incisional laparoscopic 
surgery (Covidien, USA) + a surgical 
video system (Viking Systems, Inc., 
USA)

Peg transfer, needle transfer, 
suturing

Time and failure rate

32 30 (novices = 24, 
experts = 6)

VATS-AR simulator Peg transfer, vascular clip-
ping and shearing, and rope 
perforation

Total operation time, clamps track length, 
numbers of block drop, the five-point Likert 
scale for simulator performance evaluation

Abbreviations: video-assisted thoracic surgery (VATS); virtual reality (VR); Objective Structured Assessment of Technical Skill (OSATS); Global Operative Assessment 
of Thoracoscopic Skills (GOATS); National Aeronautics Space Administration-Task Load Index (NASA-TLX).

Table 1 (continued) 
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Introduction of virtual and augmented reality in the 
simulator systems
Regarding the VR-based simulators developed for train-
ing in VATS lobectomy, the first to be described was the 
one developed by Solomon and collaborators [25]. It 
included a standard laptop computer and a haptic feed-
back device used to control the surgical instruments. 
This simulator allowed different anatomic variations and 
anomalies to be loaded, and the software was designed 
to identify common errors. However, this simulator was 
a hybrid between low- and high-fidelity models, and its 
commercial distribution required two years [25].

Since no VR simulators were commercially available 
for VATS training in early 2010, Jensen and collabora-
tors compared the SimSurgery VR simulator to the box 
trainer to investigate whether training on a simulator for 
laparoscopic surgery allowed trainees to perform thora-
coscopic lobectomy [26]. The results showed that train-
ing for a nephrectomy (task chosen because it was similar 
to the thoracoscopic lobectomy that was not included in 
the VR simulator software) on a laparoscopic VR simula-
tor added no advantage over box training. Moreover, the 
skills learned on the laparoscopy VR simulator were less 
transportable to the heart-lung block than those learned 
on the trainer box simulator [26].

Thus, in collaboration with Surgical Science Special-
ists, Jensen and collaborators developed VATS lobectomy 
software for the LapSim VR simulator (Surgical Science, 
Gothenburg, Sweden). This simulator was presented 
and tested at the 22nd meeting of the European Society 
of Thoracic Surgeons (ESTS – Copenhagen, Denmark, 
2014), where it was found to be realistic and to have good 
content validity [27]. After a revision of the software, its 
validity in simulating VATS lobectomy was assessed [28]. 
Then, it was tested by novices and experienced surgeons, 
who found that the angulation of the right instrument 
and 10/19 built-in simulator metrics (including time, 
instrument path length, damage to vessels and errors) 
were significantly different between novices and experi-
enced surgeons. These variables were chosen to establish 
a pass/fail level that could be used to assess thoracic sur-
gery trainees’ VATS lobectomy competency [28].

More recently, Haidari and collaborators investigated 
the validity evidence for the new VATS lobectomy mod-
ules for the LapSim simulator with haptic feedback (Sur-
gical Science, Gothenburg, Sweden), including all five 
lobectomies [29]. Forty-one participants (novices n = 22, 
intermediates n = 10, experts n = 9) performed three 
consecutive simulated VATS lobectomies of randomly 
selected lobes, for a total of 123 lobectomies. In this 
study, 3 metrics (time, blood loss, and total instrument 
path length) showed a significant difference between 
experienced surgeons and novices, supporting their use 

in assessing VATS lobectomy competency for trainees in 
thoracic surgery.

Another simulator system assessed for thoracic sur-
gery training was the Lap Mentor simulator (Simbionix 
Products, Surgical Science, Gothenburg, Sweden), which 
includes the lobectomy module for VATS right upper 
lobectomy using the anterior approach. This simula-
tor was used to create a VR curriculum representing an 
evidence-based approach for VATS training programs 
by Bedetti and collaborators [30]. Basic skills were tested 
using the Objective Structured Assessment of Techni-
cal Skill (OSATS) and the Global Operative Assessment 
of Thoracoscopic Skills (GOATS). The surgical perfor-
mance of twenty volunteers divided into trainees (n = 12) 
and consultants (n = 8) was assessed and compared, but 
no significant difference was observed between the two 
groups. However, this study supported the inclusion of 
VR simulation in surgical training programs, underlining 
that the experience gained in the operating theatre can-
not be replaced by VR simulation.

Finally, Han and collaborators investigated the effec-
tiveness of 3D displays in uniportal VATS training, 
hypothesising that the improved depth perception pro-
vided by 3D displays might be emphasised in the uni-
portal approach. A total of 113 trainees (85 surgeons in 
training and 28 medical students) completed three basic 
surgical skills under 2D and 3D video systems [31]. The 
simulation system consisted of a 3-cm single-hole board 
used for laparoscopy training (Covidien, Norwalk, CT, 
USA), the training module and the endoscopic devices. 
The results showed that the 3D video system reduced the 
time performance and the number of errors compared to 
the 2D system. Participants indicated that the 3D display 
was advantageous due to the better depth perception and 
the consequent better endoscopic device handling.

To conclude, an AR-based visual haptic modelling 
system was recently developed for VATS training. The 
tactile and visual senses, authenticity and simulator 
performance were assessed by using face, content, and 
construct validation methods. The simulator was demon-
strated to be useful as a training device to assist novices 
in thoracoscopic skills development [32].

Discussion
Currently, VATS is the basic standard of care for lung dis-
ease, especially for surgical treatment of early-stage lung 
cancer. However, the adoption of this technique is chal-
lenging because of the fulcrum effect, the loss of direct 
tactile sensation and the need to convert two-dimen-
sional images into three-dimensional perception. More-
over, the potential risk of intraoperative haemorrhage 
requires adequate management skills to avoid further 
complications [11, 38]. To minimise this risk, trainees 
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should reach a predefined level of proficiency in VATS 
before operating on patients [29].

Even qualified surgeons may have difficulty in learn-
ing this technique, as reported by Ra et al. [39]. Indeed, 
despite the experience gained after performing 100 open 
lobectomies, the surgeon under review showed statisti-
cally significant improvements in his learning curve after 
six months. On the other hand, about the analysis of the 
learning curves of trainee physicians, it was reported that 
only after performing 50 open lung resections they were 
able to achieve an average operative time similar to that 
of their consultant [40].

Thus, to reduce the learning curve time, thoracic sur-
gery educators are currently looking towards useful edu-
cational models, including the use of clinical simulators, 
to improve cognitive and procedural skills before trainees 
operate on patients [25].

The human cadaver appears to be the most realistic 
model due to its anatomical correspondence. It allows 
simulation of patient positioning and trocar placement, 
but the quality of tissues is poor. Moreover, the absence 
of vascular distension and the poor preservation of the 
cadaver could result in difficulties in identifying the oper-
ative landmarks [16, 18].

In general, animals are the most commonly used model 
for surgical training when a new surgical technique is 
developed [41]. The swine animal model is most fre-
quently used to simulate VATS lobectomy and surgical 
procedures in general [16]. This model allows realistic 
tissue handling and the possibility of simulating critical 
conditions, such as bleeding, in a risk-free clinical sce-
nario [19]. However, there are main differences between 
swine and human anatomy. The porcine thoracic cavity 
is laterally compressed, cone-shaped, and not dorsoven-
trally compressed as in humans. Moreover, in the swine 
lung, the right cranial lobe bronchus originates directly 
from the trachea before its bifurcation, and there are no 
hilar or mediastinal lymph nodes [19, 42, 43].

Sheep are also an excellent model for VATS lobectomy 
training, despite the following anatomical differences: the 
thoracic cavity is wider than the human thoracic cavity, 
the left upper lobe is smaller, and the lingula is longer. On 
the right side, there is a large cava vein with the pulmo-
nary artery and both pulmonary veins hidden behind it 
[16, 17]. Although sheep have more human-like anatomy 
than swine, they are rarely used as animal models for sur-
gical training due to their high cost.

Although live animals perform well in thoracic surgery 
training, their use implies some problems, first, the need 
for ethics committee authorisation, and in some coun-
tries, their use is prohibited [44]. Moreover, the revised 
Directive 2010/63/EU for the protection of laboratory 
animals has officially implemented the 3R principles 
(reduction, refinement, replacement) into European law 

[45], highlighting the necessity to replace animals with 
other training systems despite the belief that the use of 
live animals is crucial for correct surgical training and 
that adequate alternative models have not yet been devel-
oped [46]. This need for more attention to animal welfare 
and accordance with the 3R principles has led to research 
on alternative methods to substitute live animals with 
other training models, such as surgical simulators.

The trainer box, based on artificial or ex vivo organs, 
has been proven to be quite realistic and easy to use [19, 
35, 47]. Trainer boxes based on porcine heart-lung tis-
sue blocks have been demonstrated to be slightly inferior 
to live porcine models but better than cadaver models 
in terms of tissue quality and vessel management [19]. 
In general, training box simulators are inexpensive and 
require only a few instruments, a monitor and a sce-
nario of some kind, such as a swine lung, to be placed in 
the training box [19, 48]. However, most of the training 
boxes cannot simulate bleeding complications because 
they lack organ perfusion. This is an important deficiency 
because in VATS, the capability of haemorrhage control 
is fundamental since it is not a rare complication [18].

Conversely, VR simulators can simulate bleeding or 
anatomical variations and are ready to use, but they are 
more expensive [26, 30]. Important advantages of VR 
simulators are automated feedback and instruction mod-
ules, but the haptic force of a VR simulator is less realistic 
since it is mechanically simulated. Thus, the trainer box 
is superior to the VR simulator in terms of haptic feed-
back, but it needs a dedicated instructor to record train-
ees’ measurements and to let trainees take advantage of 
simulator benefits [24, 27].

Finally, simulators based on AR have proven to be very 
useful for surgical training [32]. Compared to the VR sim-
ulator, the AR system has more realistic surgical training 
environments, the visuohaptic experience is closer to that 
of human factors engineering, and the immersive inter-
active perception appears more natural [49].

It is also important to mention the presence of high 
heterogeneity in techniques and quantification of results 
reported in the studies mentioned in this paper. Indeed, 
there is still disagreement about the central steps of the 
procedure or the best ways to teach VATS. For this rea-
son, recent studies have used the Delphi process in order 
to identify the essential steps of VATS lobectomy, the 
main difficulties encountered in their execution, and 
finally the most appropriate areas to focus on during the 
simulation phase [50, 51].

For these reasons, the attention of thoracic surgery 
societies is focusing on the development of tests that 
accurately assess surgical competence for VATS and 
particularly on the development and validation of a new 
VATS lobectomy assessment tool, which could become 
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an important aid in the training and certification of 
future thoracic surgeons [28, 29, 38, 52, 53].

Finally, it is important to emphasize that in addition 
to training in surgical skills, non-technical skills (NTS), 
including planning and preparation, situation aware-
ness, and leadership, were also crucial for technique 
performance.

Regarding VATS lobectomy, Gjeraa et al. identified 
six NTS that were perceived as important during this 
surgical procedure (planning and preparation, situa-
tion awareness, problem solving, leadership, risk assess-
ment, and teamwork). Authors concluded that, despite 
these NTS not being considered essential for a safe and 
successful procedure, they should be considered impor-
tant because they contribute to the team’s Shared Mental 
Models in relation to the patient, the current situation, 
and team resources [54]. Subsequently, the same group 
analysed fifty-eight lobectomy procedures and high-
lighted how a better team’s Shared Mental Models was 
related to a significantly shorter duration of surgery and 
decreased intraoperative bleeding [55].

However, no dedicated thoracic surgery simulation 
program has been designed to teach vital skills.

Despite the different nature of the available simulators, 
all the authors agree that simulators play an important 
role in VATS training, but which type of simulator is the 
most instructive is still a matter of debate.

Conclusions
Simulator-based learning has enormous potential to rev-
olutionize surgical training. It is necessary to emphasise 
that real-life clinical experience cannot be completely 
replaced by any simulator. Thus, the simulator could be 
considered a sort of integrative tool to train novices in 
everyday surgical activities and to accelerate their VATS 
learning curve.

Although the potential application of simulators in 
the field of medical education is notable, further efforts 
are required to assess their effective contribution to sur-
geons’ training and to patients’ quality of care and safety. 
Finally, more data are necessary to identify the ideal sim-
ulator model, compare outcomes during and after resi-
dents’ learning curve, and propose an efficient simulation 
training program with validated measures of trainees’ 
performance.

List of abbreviations
VATS  Video-assisted thoracic surgery
VR  Virtual Reality
AR  Augmented Reality
ESTS  European Society of Thoracic Surgeons
OSATS  Objective Structured Assessment of Technical Skill
GOATS  Global Operative Assessment of Thoracoscopic Skills
NTS  Non-technical skills

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12909-023-04482-z.

Supplementary Material 1

Acknowledgements
Not applicable.

Author contributions
S.G.: Project conception, literature review, manuscript writing, manuscript 
editing and review. M.C.: manuscript writing, manuscript editing and review. 
N.R.: manuscript editing and review. A.I.: Project conception, manuscript 
editing and review, funding.

Funding
This work was supported by the University of Insubria post-doctoral research 
grant (to Sarah Grossi).

Data Availability
All data generated or analysed during this study are included in this published 
article.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 18 January 2023 / Accepted: 28 June 2023

References
1. Roviaro G, Rebuffat C, Varoli F, Vergani C, Mariani C, Maciocco M. Video-

endoscopic pulmonary lobectomy for cancer. Surg Laparosc Endosc. 
1992;2(3):244–7.

2. Roviaro GC, Varoli F, Vergani C, Maciocco M. State of the art in thoracospic 
surgery: a personal experience of 2000 videothoracoscopic procedures and 
an overview of the literature. Surg Endosc. 2002;16(6):881–92.

3. Mentzer SJ, Swanson SJ, DeCamp MM, Bueno R, Sugarbaker DJ. Mediastinos-
copy, thoracoscopy, and video-assisted thoracic surgery in the diagnosis and 
staging of lung cancer. Chest. 1997;112(4 Suppl):239S–41.

4. Ferson PF, Landreneau RJ, Dowling RD, Hazelrigg SR, Ritter P, Nunchucket S, et 
al. Comparison of open versus thoracoscopic lung biopsy for diffuse infiltra-
tive pulmonary disease. J Thorac Cardiovasc Surg. 1993;106(2):194–9.

5. Bedetti B, Scarci M, Gonzalez-Rivas D. Technical steps in single port video-
assisted thoracoscopic surgery lobectomy. J Vis Surg. 2016;2:45.

6. Bendixen M, Jørgensen OD, Kronborg C, Andersen C, Licht PB. Postoperative 
pain and quality of life after lobectomy via video-assisted thoracoscopic sur-
gery or anterolateral thoracotomy for early stage lung cancer: a randomised 
controlled trial. Lancet Oncol. 2016;17(6):836–44.

7. Falcoz PE, Puyraveau M, Thomas PA, Decaluwe H, Hürtgen M, Petersen RH, et 
al. Video-assisted thoracoscopic surgery versus open lobectomy for primary 
non-small-cell lung cancer: a propensity-matched analysis of outcome from 
the european society of thoracic surgeon database. Eur J Cardiothorac Surg. 
2016;49(2):602–9.

8. Vannucci F, Gonzalez-Rivas D. Is VATS lobectomy standard of care for operable 
non-small cell lung cancer? Lung Cancer. 2016;100:114–9.

9. Petersen RP, Pham D, Burfeind WR, Hanish SI, Toloza EM, Harpole DH Jr, et 
al. Thoracoscopic lobectomy facilitates the delivery of chemotherapy after 
resection for lung cancer. Ann Thorac Surg. 2007;83(4):1245–50.

https://doi.org/10.1186/s12909-023-04482-z
https://doi.org/10.1186/s12909-023-04482-z


Page 9 of 9Grossi et al. BMC Medical Education          (2023) 23:535 

10. Kaseda S, Aoki T, Hangai N, Shimizu K. Better pulmonary function and 
prognosis with video-assisted thoracic surgery than with thoracotomy. Ann 
Thorac Surg. 2000;70(5):1644–6.

11. Decaluwe H, Petersen RH, Hansen H, Piwkowski C, Augustin F, Brunelli A, et 
al. Major intraoperative complications during video-assisted thoracoscopic 
anatomical lung resections: an intention-to-treat analysis. Eur J Cardiothorac 
Surg. 2015;48(4):588–99.

12. McKenna RJ Jr. Complications and learning curves for video-assisted thoracic 
surgery lobectomy. Thorac Surg Clin. 2008;18(3):275–80.

13. Petersen RH, Hansen HJ. Learning thoracoscopic lobectomy. Eur J Cardiotho-
rac Surg. 2010;37(3):516–20.

14. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. 
The PRISMA 2020 statement: an updated guideline for reporting systematic 
reviews. Int J Surg. 2021;88:105906.

15. Dell’Amore A, Boscolo-Berto R, Schiavon M, Pangoni A, Porzionato A, Macchi 
V, et al. Human corpse model for video-assisted thoracoscopic lobectomy 
simulation and training [published correction appears in Interact Cardio-
vasc Thorac Surg. 2020 Nov 1;31(5):753]. Interact Cardiovasc Thorac Surg. 
2020;31(5):632–7.

16. Tedde ML, Brito Filho F, Belmonte Ede A, Pinto Filho DR, Pereira ST, Okumura 
EM, et al. Video-assisted thoracoscopic surgery in swine: an animal model 
for thoracoscopic lobectomy training. Interact Cardiovasc Thorac Surg. 
2015;21(2):224–30.

17. de la Torre M, Gonzalez-Rivas D, Fernández-Prado R, Delgado M, Fieira EM, 
Centeno A. Uniportal video-assisted thoracoscopic lobectomy in the animal 
model. J Thorac Dis. 2014;6(Suppl 6):656–S659.

18. Domhan L, Johannink J, Miller J, Steger V, Linder A, Kirschniak A, et al. TuThor: 
an innovative new training model for video-assisted thoracic surgery. Interact 
Cardiovasc Thorac Surg. 2020;30(3):477–82.

19. Meyerson SL, LoCascio F, Balderson SS, D’Amico TA. An inexpensive, reproduc-
ible tissue simulator for teaching thoracoscopic lobectomy. Ann Thorac Surg. 
2010;89(2):594–7.

20. Tong BC, Gustafson MR, Balderson SS, D’Amico TA, Meyerson SL. Valida-
tion of a thoracoscopic lobectomy simulator. Eur J Cardiothorac Surg. 
2012;42(2):364–9.

21. Fann JI, Feins RH, Hicks GL Jr, Nesbitt JC, Hammon JW, Crawford FA Jr, et al. 
Evaluation of simulation training in cardiothoracic surgery: the Senior Tour 
perspective. J Thorac Cardiovasc Surg. 2012;143(2):264–72.

22. Iwasaki A, Okabayashi K, Shirakusa T. A model to assist training in thoraco-
scopic surgery. Interact Cardiovasc Thorac Surg. 2003;2(4):697–701.

23. Morikawa T, Yamashita M, Odaka M, Tsukamoto Y, Shibasaki T, Mori S, et al. A 
step-by-step development of real-size chest model for simulation of thoraco-
scopic surgery. Interact Cardiovasc Thorac Surg. 2017;25(2):173–6.

24. Bjurström JM, Konge L, Lehnert P, Krogh CL, Hansen HJ, Petersen RH, et al. 
Simulation-based training for thoracoscopy. Simul Healthc. 2013;8(5):317–23.

25. Solomon B, Bizekis C, Dellis SL, Donington JS, Oliker A, Balsam LB, et al. Simu-
lating video-assisted thoracoscopic lobectomy: a virtual reality cognitive task 
simulation. J Thorac Cardiovasc Surg. 2011;141(1):249–55.

26. Jensen K, Ringsted C, Hansen HJ, Petersen RH, Konge L. Simulation-based 
training for thoracoscopic lobectomy: a randomized controlled trial: virtual-
reality versus black-box simulation. Surg Endosc. 2014;28(6):1821–9.

27. Jensen K, Bjerrum F, Hansen HJ, Petersen RH, Pedersen JH, Konge L. A new 
possibility in thoracoscopic virtual reality simulation training: development 
and testing of a novel virtual reality simulator for video-assisted thoraco-
scopic surgery lobectomy. Interact Cardiovasc Thorac Surg. 2015;21(4):420–6.

28. Jensen K, Bjerrum F, Hansen HJ, Petersen RH, Pedersen JH, Konge L. Using vir-
tual reality simulation to assess competence in video-assisted thoracoscopic 
surgery (VATS) lobectomy. Surg Endosc. 2017;31(6):2520–8.

29. Haidari TA, Bjerrum F, Hansen HJ, Konge L, Petersen RH. Simulation-based 
VATS resection of the five lung lobes: a technical skills test. Surg Endosc. 
2022;36(2):1234–42.

30. Bedetti B, Bertolaccini L, Patrini D, Schmidt J, Scarci M. Virtual simulation and 
learning new skills in video-assisted thoracic surgery. Video-assist Thorac 
Surg. 2018;3:35.

31. Han KN, Kim HK, Choi YH. Application of a three-dimensional video 
system in the training for uniportal thoracoscopic surgery. J Thorac Dis. 
2018;10(6):3643–50.

32. Tai Y, Shi J, Pan J, Hao A, Chang V. Augmented reality-based visual-haptic 
modeling for thoracoscopic surgery training systems. Virtual Real Intell 
Hardw. 2021;3:274–86.

33. Balls M. The european Citizens’ stop Vivisection Initiative. Altern Lab Anim. 
2015;43(3):147–50.

34. Bergmeister KD, Aman M, Kramer A, Schenck TL, Riedl O, Daeschler SC, et al. 
Simulating Surgical Skills in animals: systematic review, costs & Acceptance 
analyses. Front Vet Sci. 2020;7:570852.

35. Jimenez M, Gomez-Hernandez MT. Teaching video-assisted thoracic surgery 
lobectomy-using an ex vivo simulation model. J Vis Surg. 2017;3:34.

36. Jiménez López M, Novoa Valentín NM. Implementing a VATS Lobectomy 
Program in Spain. The Wet Lab, a necessary Tool. Arch Bronconeumol. 
2016;52(12):579–80.

37. Sato T, Morikawa T. Video-assisted thoracoscopic surgery training with a 
polyvinyl-alcohol hydrogel model mimicking real tissue. J Vis Surg. 2017;3:65.

38. Konge L, Lehnert P, Hansen HJ, Petersen RH, Ringsted C. Reliable and valid 
assessment of performance in thoracoscopy. Surg Endosc. 2012;26(6):1624–8.

39. Ra YJ, Ahn HY, Kim MS. Learning curve of a Young Surgeon’s video-assisted 
thoracic surgery lobectomy during his First Year experience in newly estab-
lished Institution. Korean J Thorac Cardiovasc Surg. 2012;45(3):166–70.

40. Ferguson J, Walker W. Developing a VATS lobectomy programme–can VATS 
lobectomy be taught? Eur J Cardiothorac Surg. 2006;29(5):806–9.

41. von Holzen U, Lebenthal A, Rao P, Scott W. Transdiaphragmatic minimally 
invasive lobectomy is feasible in a pig. Surg Laparosc Endosc Percutan Tech. 
2013;23(3):341–4.

42. Lelovas PP, Kostomitsopoulos NG, Xanthos TT. A comparative anatomic 
and physiologic overview of the porcine heart. J Am Assoc Lab Anim Sci. 
2014;53(5):432–8.

43. Karimi A, Cobb JA, Staples ED, Baz MA, Beaver TM. Technical pearls for swine 
lung transplantation. J Surg Res. 2011;171(1):e107–11.

44. Tan SS, Sarker SK. Simulation in surgery: a review. Scott Med J. 
2011;56(2):104–9.

45. Hartung T. Comparative analysis of the revised Directive 2010/63/EU for 
the protection of laboratory animals with its predecessor 86/609/EEC - a t4 
report. Altex. 2010;27(4):285–303.

46. Zemanova MA, Knight A, Lybæk S. Educational use of animals in Europe 
indicates a reluctance to implement alternatives. Altex. 2021;38(3):490–506.

47. Oizumi H, Kato H, Endoh M, Suzuki J, Watarai H, Hamada A, et al. Swine model 
for training surgeons in minimally invasive anatomic lung segmentectomy. J 
Vis Surg. 2017;3:72.

48. Debes AJ, Aggarwal R, Balasundaram I, Jacobsen MB. A tale of two trainers: 
virtual reality versus a video trainer for acquisition of basic laparoscopic skills. 
Am J Surg. 2010;199(6):840–5.

49. Barsom EZ, Graafland M, Schijven MP. Systematic review on the effective-
ness of augmented reality applications in medical training. Surg Endosc. 
2016;30(10):4174–83.

50. Bryan DS, Ferguson MK, Antonoff MB, Backhus LM, Birdas TJ, Blackmon SH, et 
al. Consensus for Thoracoscopic Left Upper lobectomy-essential components 
and targets for Simulation. Ann Thorac Surg. 2021;112(2):436–42.

51. Haidari TA, Nayahangan LJ, Bjerrum F, Hansen HJ, Konge L, Massard G, Batirel 
HF, Novoa NM, Milton RS, Petersen RH, participants Delphi. ;. Consensus 
on technical procedures for simulation-based training in thoracic surgery: 
an international needs assessment. Eur J Cardiothorac Surg. 2023 Apr 
3;63(4):ezad058.

52. Jensen K, Hansen HJ, Petersen RH, Neckelmann K, Vad H, Møller LB, et al. 
Evaluating competency in video-assisted thoracoscopic surgery (VATS) 
lobectomy performance using a novel assessment tool and virtual reality 
simulation. Surg Endosc. 2019;33(5):1465–73.

53. Petersen RH, Gjeraa K, Jensen K, Møller LB, Hansen HJ, Konge L. Assessment 
of competence in video-assisted thoracoscopic surgery lobectomy: a danish 
nationwide study. J Thorac Cardiovasc Surg. 2018;156(4):1717–22.

54. Gjeraa K, Mundt AS, Spanager L, Hansen HJ, Konge L, Petersen RH, et al. 
Important non-technical skills in video-assisted thoracoscopic surgery lobec-
tomy: Team Perspectives. Ann Thorac Surg. 2017;104(1):329–35.

55. Gjeraa K, Dieckmann P, Jensen K, Møller LB, Petersen RH, Østergaard D, et al. 
Effects of shared mental models in teams performing video-assisted thoraco-
scopic surgery lobectomy. Surg Endosc. 2022;36(8):6007–15.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	Video-assisted thoracoscopic surgery simulation and training: a comprehensive literature review
	Abstract
	Background
	Methods

	Results
	Human cadavers and live anaesthetised animals
	Wet and dry trainer boxes
	Introduction of virtual and augmented reality in the simulator systems

	Discussion
	Conclusions
	References


