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Introduction

During the last decades a plethora of papers have proved 
several advantages of minimally invasive surgery (MIS) to 
open surgery. For this reason, MIS has been adopted as 
usual approach in several surgical specialties (1-5). 

In thoracic surgery, video-assisted thoracic surgery 
(VATS) is being increasingly recommended as standard 
approach for thoracic procedures due to the associated 
improved patient outcomes (2-4). In this sense, VATS must 
be considered the approach of choice in early stage lung 
cancer, but also should be taken into account in specific 
cases of advanced stage lung cancer (2,6).

However, 2018 ESTS Database annual report shows that 
VATS lobectomies performed in Europe are less than 38% 
in the last 5 years (7) This inconsistency could be explained 
because VATS can result a challenge for surgical trainees 

and staff members not accustomed to this approach carrying 
on important disadvantages to implement a VATS program. 

Furthermore, the implementation of a new surgical 
technique can be time-consuming while developing and 
refining it (8-10). Early phases of learning curves in humans 
may involve important disadvantages for patients, but for 
those cases supervised by expert VATS surgeons. It has been 
concretely explained that an experienced thoracic surgeon 
consultant requires 30 lobectomies to be able to perform 
quality surgery. But this amount of cases, high up to 90 
when we want to become efficient (11).

Besides, paramountly important is the number of cases 
treated in the institution. In those hospitals without VATS 
surgery every day learning curves can spread along lots 
of time. All these are important reasons for what we have 
implemented a realistic, reproducible and inexpensive VATS 
lobectomy simulation model (12).
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Methods

Swine block

In our model we employ heart-and-lung tissue blocks from 
swine which are easily available in any pig slaughterhouse. 
The specimens come from slaughtered pigs for human 
consumption. Heart, both lungs, pericardium, trachea and 
oesophagus are included in the block Figure 1. Blocks are 
preserved freezed and slowly defrosted for 24 hours before 
their use. Fresh specimens have a better tissue quality, but 
it is logistically very difficult to have them fresh and dispose 
a session whenever needed. The cost of one of these swine 
blocks is around €1 in our setting. Additional materials 
needed are 150 to 200 mL of generic brand ketchup, some 
drops of red and blue food colouring, two syringes and two 
silk sutures to prepare de model. The complete material has 
an approximated total cost of €1.

Model preparation

We preserve all mediastinal structures from our blocks in 
order to work with an intact hilum that make surgery more 
realistic. In this way, the preparation of the model take place 
from inside of the pericardium in order to preserve extra-
pericardium hilum for dissection.

In our institution left upper lobectomy (LUL) is the one 
performed in the ex vivo simulation model in all cases. LUL 
is the one chosen due to several reasons. Firstly, anatomy 
of left upper lobe is pretty similar to human anatomy, 
whereas right one loses realism because upper bronchus 
comes directly from trachea above carina and have 4 lobes. 

Secondly, LUL is the most difficult lobectomy to perform 
in humans because of the variability of arterial branches 
in number and position, so that it can help surgeons to 
improve their skills.

Simulated blood
We mix general brand ketchup with red food colouring 
to simulate oxygenated blood and ketchup with blue food 
colouring for non-oxygenated blood. Two 50 cc syringes 
with catheter tip are filled with both mixtures.

Filling pulmonary vascular beds
To carry on with the preparation, first of all, we place the 
model in a supine position. Pericardium is opened and 
great vessels exposed. We dissect left main pulmonary 
artery and upper left pulmonary vein intrapericardically and 
0-silk sutures are passed around them. A half centimeter 
arteriotomy is then performed in the base of left pulmonary 
artery and it is filled with approximately 50 cc of the 
simulated non-oxygenated blood. Ketchup perfusion must 
be kept until a mild resistance is encountered, checking 
vessels distension. While we draw the syringe back, we 
must tie the silk in order to avoid ketchup leak. We must 
complete the same procedure with the vein, but in this 
occasion, we will make an atriotomy on the base of left 
atrial appendage, directing from there the syringe to the left 
upper vein.

Pulmonary vessels are then filled with red or blue-
coloured-ketchup in order to let us know when vessels have 
been injured during dissection. Ketchup has an appropriate 
thickness to leak when vessels are injured, but also allows us 
to repair that injury and go on with our simulation.

After our block is prepared, we insert it in our simulation 
box, which can be considered from a black box to a 3D 
printed model of a thorax, customized with the incisions 
we will perform in a real patient. The specimen should be 
posed with left lung up in the theoretical way we will find it 
in a human being. All this model preparation takes around 
10 minutes. 

Lobectomy technique

Extra-pericardial dissection is always performed. Vein must 
be dissected and divided in first place. After that, first artery 
branch should be looked for, dissected and divided, followed 
by upper bronchus. Afterwards, the rest of arterial branches 
must be encountered and finally we will section the fissure. 
These steps can be carried out with mechanical staplers or 

Figure 1 Cardio-pulmonary block from swine. Trachea and 
oesophagus are situated in the back zone. Red arrow shows left 
upper lobe.
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manual sutures depending on our personal outcomes or 
economical sustainability.

In order to check usefulness of the program, we developed 
a project evaluating the impact of a simulation program in 
4 staff thoracic surgeons and one trainee. Depending on 
expertise level, surgeons were divided into three groups: 
(I) high expertise VATS level (more than 100 VATS 
lobectomies) to which one surgeon belonged (expert group); 
(II) intermediate expertise VATS level (more than 30 VATS 
lobectomies) with three surgeons included (intermediate 
group); and (III) low expertise level (less than 30 VATS 
lobectomies) with one surgeon on it (beginner group).

For six months, 5 surgeons performed 30 lobectomies in 
the ex vivo simulation program. All participants completed a 
pre-project evaluation, with re-evaluation after lobectomies 
number 10 and 20. A final evaluation was carried out 
(after complete 30 lobectomies performed). Evaluation 
results were calculated following an objective score system 
appraising time consuming and accuracy (Figure 2) (13).  
Maximum time allowed to complete lobectomy was  
60 minutes. The examiner was the thoracic surgeon with 
the highest level of expertise in VATS resections in our 
team (more than 200 VATS lobectomies). 

Evaluation scores were analysed with Wilcoxon test, 

Figure 2 Evaluation score system (13). 

Completion Yes          No  

Time                  minutes  

Vein    

  Unable to dissect and divide (+5 min)                             Vein error subtotal

  Partial division - mistake later identified (+2 min)  

  Partial division - mistake not identified (+4 min)  

  Bleeding (+3 min)  

  More than one staple load required (+1 min)                                                  minutes

Artery    

  Unable to dissect and divide upper division branch (+5  min)    Artery error subtotal

  Unable to dissect and divide lingular branch (+5 min)  

  Main pulmonary artery division (+10 min)  

  Missed posterior branch (+3 min)  

  Excessive tension on an arterial branch (+2 min per branch)  

  Bleeding (+3 m nper branch)  

  More than one staple load required (+1 min per branch)                              minutes

Airway    

  Unable to dissect and divide (+5 min )                           Airway error subtotal

  Partial division - mistake later identified (+2 min)  

  Partial division - mistake not identified (+4 min)  

  Mainstem airway division (+10 min)  

  Airway injury (+3 min)  

  More than one staple load required (+1 min)                                                minutes

 

Total score               minutes
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comparing pretraining score with the one obtained after 
having completed 30 swine lobectomies. Improving 
percentage of each participant was also measured.

Results

Surgeons included in the project were four Board Certified 
Thoracic Surgeons and one Thoracic Surgery resident. 
Swine lobectomy number 1 (pre-project evaluation) 
was totally completed by all surgeons, although one in 
intermediate expertise level and the one of the high expertise 
level took the maximum time to complete it. Time needed 
for it was 42 minutes in beginner group, 37.7±20.7 minutes 
in intermediate group and 60 minutes in expert group.

Every participant completed post-project evaluation 
lobectomy, with medium scores of 42 minutes in beginner 
group, 17.7±4.2 minutes in intermediate group and  
41 minutes in expert one. Scores obtained in second and 
third evaluation are represented in Figure 3. Although the 
differences between pre-project evaluation and post-project 
scores were not significant, the improving percentage was 
0% (beginner group), 54.3% (intermediate group) and 

31.7% (expert group). 
After 30 simulated sessions performed like previously 

described, the great improvement was observed in the 
intermediate level. Experienced VATS surgeon did not 
improve results significantly. And trainee group did not 
improve either; this could be explained by the fact that this 
group may need a larger number of cases before showing an 
important improvement. To this point, we must assume that 
this model is not focussed in very experienced surgeons, 
but it can result of relevant help to those surgeons already 
performing VATS lobectomies with not a high expertise 
level (less than 100 cases).

Our service started 4 years ago (in 2014) a VATS 
program. Two years later, the ex vivo simulation program was 
implemented. To evaluate the influence of the simulation 
program on our VATS program we divided the last four years 
in three lapses of time: (I) VATS pre-simulation program (from 
1st January 2014 until 31st December 2015); (II) start-up of 
simulation program (from 1st January 2016 till 31st December 
2016); (III) consolidation of simulation program (from 1st 
January 2017 till 31st December 2017). During this period, 
a total of 736 consecutive patients submitted to anatomical 
lung resections were included. Surgical approach (VATS or 
thoracotomy), conversion rate and postoperative complications 
(according to Clavien-Dindo classification) were analyzed.

Three hundred and seventeen patients were included in 
pre-simulation period, 204 in the startup period and 215 
in consolidation period. VATS resection rate was 29.3% 
before simulation program, and high up to 46.1% after 
implementation of ex vivo simulation program. When the 
simulation program was consolidated, VATS anatomical 
resection rate was 71.2% of total. Analyzing individually 
each surgeon, we found out that whereas in the first period 
just one of the five surgeons of our team reached 50% 
of VATS resections, in the third period all the surgeons 
reached 45% and three of them got over 80%. Global 
results are shown in Table 1.

VATS complication rate was lower than global 
complications, and VATS mortality rate was 0% in every 
period.Figure 3 Scores obtained in every evaluation.
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Table 1 Global results in patients operated during simulation program

Programs Conversion rate (%) Global complication (%) VATS complication (%) Global mortality (%)

Pre-simulation program 12.6 34.1 22.6 0.9

Start-up of simulation program 10.3 37.3 21.3 0.5

Consolidation of simulation program 8.4 23.7 19 0
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So, in our unit, ex vivo simulation program helped to 
establish and consolidate a VATS program in a safety way 
with low morbidity and conversion rates. All the surgeons 
in the unit were involved in the program and improvement 
of VATS ratio can make us assume the utility of simulation. 
It also helps to standardize VATS technique and optimize 
surgical times and procedure.

Discussion

Nowadays, there are also several systems of virtual-reality 
endoscopy training. These technological simulations have 
shown improvement on knowledge, skills and attitude in 
surgeons (14,15). This kind of simulators make preparation 
easier than the ex vivo simulation model. However, if we 
want to test technical specific skills different to the usual 
ones, or to test new instruments, we should reprogram 
our computer or change the software, meaning time-
consumption and money investment. 

On the other hand, whenever we want to apply this in 
an ex vivo model, we just have to carry on it. Up to now, 
no studies comparing videothoracoscopic virtual reality 
simulators and ex vivo simulators have been compared. It 
would be interesting to determine efficiency, reproducibility, 
feasibility and costs between both kind of simulation. Next 
years, a mixed simulation program with ex vivo and virtual 
reality may likely show advantages to improve different 
stages of VATS training. 

Conclusions

To sum up, the addition of an ex vivo simulation program 
to a VATS program for anatomical lung resections can 
accelerate the implementation of the program (increasing 
VATS rate quickly), improve safety (decreasing morbidity 
and conversion rates) and makes VATS surgery available for 
every surgeon.
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