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Background: Video-assisted thoracoscopic technique (VATS) is being increasingly adopted for the 
treatment of thoracic diseases, and it is therefore replacing traditional approaches. Young thoracic surgeons 
are now required to perform VATS anatomical resections, but a solid experience in open surgery is 
considered essential to face VATS lobectomy. On the other hand, open lobectomy is mostly reserved for 
complex cases. The aim of this study was to assess the impact of the trainees’ practice on the outcome of 
VATS major pulmonary resections in a teaching hospital setting.
Methods: We retrospectively analysed surgical activity in our University Hospital from January 2011 to 
August 2019. Inclusion criteria were: lobectomy and anatomical segmentectomy. Exclusion criteria were: 
bilobectomy, pneumonectomy and anatomical resection with arterial or bronchial plastic and wall resection. 
We divided the patients in two groups: Group T includes patients operated by a trainee, and Group S 
includes patients operated by a senior surgeon. We collected all demographical and pre-operative data, 
surgical, postoperative and histological data. We considered 30 and 90 days mortality and overall survival. 
Continuous variables are expressed as mean values and standard deviation, categorical variables are expressed 
with absolute and percentage frequencies. Two-sided Chi-square tests or T-tests for unpaired data were 
performed as appropriate. A p-value <0.05 was considered statistically significant.
Results: A total of 857 procedures were performed over the study period. Excluding bilobectomies, 
pneumonectomies and anatomical resections with arterial or bronchial sleeve or wall resections, we selected 
742 interventions: 688 lobectomies (92.7%) and 54 anatomic segmentectomies (7.3%). Residents carried 
out 58 operations: 43 anatomical resections (74.1%) were performed adopting VATS approach (Group T). 
Senior surgeons performed 684 operations: 452 anatomical resections (58.7%) in VATS (Group S). There 
were no statistically significant differences between the two groups in terms of demographic, clinical or 
pathological factors, operative data, post-operative complications and mortality. Overall survival at 5 years 
was 74.3% in Group T and 72.2% in Group S. 
Conclusions: This study shows that trainees, even with partial experience in open lobectomy, can safely 
perform VATS major pulmonary resections. In our series, trainee practice did not affect surgical time, 
conversion rate, post-operative outcomes, oncological radicality and mortality. We think that University 
Hospitals could safely include VATS lobectomy in the training program.
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Introduction

Video-assisted thoracoscopic technique is being increasingly 
adopted for the treatment of thoracic diseases, and it 
is replacing traditional open approaches because of its 
important advantages in terms of postoperative outcomes 
(i.e., hospital stay, complications, postoperative pain) (1). 
Among major pulmonary resections, lobectomy is the 
most common procedure, and therefore video-assisted 
thoracoscopic technique (VATS) lobectomy has become 
the most frequent operation in thoracic surgery. Indeed, 
several studies provided strong evidence that this minimally 
invasive approach for lobectomy is safe and guarantees the 
same oncological radicality as thoracotomy, in patients with 
lung cancer (2,3). 

Some studies focusing on the VATS lobectomy learning 
curve claim that the number of procedures to achieve is 50, 
but the authors only considered surgeons with an extensive 
experience in open lobectomy (4-7). This scenario has a 
great impact on residents’ surgical training. In fact, the 
indications for open lobectomy have become progressively 
rare, and are mostly reserved to complex cases, which are 
usually performed by skilled; also, it would not be ethically 
correct to perform easy procedures by thoracotomy for the 
only purpose of teaching residents. This leaves the trainee 
with few opportunities to perform open surgery but, on the 
other hand, it is still a widespread belief that learning the 
open technique should necessarily be the first step towards 
learning VATS.

The aim of this study was to assess the impact of the 
trainees practice on the outcome of VATS major pulmonary 
resections in a teaching hospital setting. 

Methods

This is a retrospective study using prospectively collected 
data of consecutive patients who underwent major 
pulmonary resections from January 2011 to August 2019 
at our institution, which is the leading centre of the Milan 
Thoracic Surgery Residency School. Inclusion criteria 
were: adult patients (≥18 years), informed consent obtained, 
patients undergoing anatomical lung resection (lobectomies 
and segmentectomies). We excluded bilobectomies, 
pneumonectomies, and lobectomies requiring arterial/
bronchial plastic or wall resection.

All VATS procedures were performed by standardized 
three-port anterior approach (Copenhagen) (8), or by 
single-port approach as reported by Gonzales-Rivas (9).  

Open technique resections were performed using a muscle-
sparing thoracotomy as previously described (10). The 
lymphadenectomy was carried out according to ESTS 
Guidelines (11). We consider a systematic lymphadenectomy 
to be adequate when at least 14 lymph nodes are removed 
and 4 or more lymph node stations are sampled (11,12). 
Residents were always tutored by a senior surgeon.

We collected all demographical and pre-operative (age, 
sex, comorbidities, induction therapy, previous surgery, 
FEV1 and DLCO), surgical and histological data (type of 
resection, operative time, hospital stay, conversion rate, 
postoperative morbidity, histology, pathologic stage and 
lymphadenectomy). We used the Charlson Comorbidity 
Index (13) and Common Terminology Criteria for Adverse 
Events (CTCAE) Version 5.0 (14), in order to assess 
comorbidities and post-operative complications respectively. 
The CTCAE includes different classes of complications, 
but we decided to consider only those most frequently 
occurring after thoracic surgery: infections, respiratory and 
thoracic disorders (prolonged air loss, atelectasis, respiratory 
failure, chylotorax, hemothorax), blood disorders (anaemia), 
cardiovascular disorders (atrial fibrillation, atrial flutter, 
arrhythmia, heart failure), and others (renal failure, ictus, 
and pulmonary hernia). The severity of each complication 
is graded according to the intervention it required, as 
shown in Table 1. We considered adverse events of all grade 
of severity, but we also performed a separate analysis for 
grade ≥3 complications. We also considered 30 and 90-days 
mortality and the overall survival in patients with at least  
5 years of follow-up. 

We divided the patients in two groups: Group T includes 
patients operated by a trainee while Group S includes 
patients operated by a senior surgeon. Then we analyzed 
only resections performed by VATS. 

Continuous variables are expressed as mean values and 
standard deviation, categorical variables are expressed 
with absolute and percentage frequencies. Two-sided Chi-
square tests or t-tests for unpaired data were performed as 
appropriate. A P value <0.05 was considered statistically 
significant.

This was a retrospective study, so the ethical review was 
excused and individual consent was waived. The study was 
conducted in accordance with the Declaration of Helsinki (as 
revised in 2013).

Results

A total of 857 procedures were performed over the study 
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period. Excluding bilobectomies, pneumonectomies and 
anatomical resections with arterial or bronchial sleeve 
or wall resections, we selected 742 interventions: 688 
lobectomies (92.7%) and 54 anatomic segmentectomies 
(7.3%). Fifteen residents carried out 58 operations: 50 
lobectomies and 8 segmentectomies. Out of these, 43 
(74.1%) were performed adopting VATS approach, with 
a conversion rate of 4.6%. Senior surgeons performed 
684 operations: 638 lobectomies and 46 segmentectomies. 
VATS technique was adopted in 452 (58.7%) of these 
resections, and the conversion rate was 12.8% (Figure 1).

Demographical and pre-operative data are shown in 
Table 2. There were no differences in the demographic and 
clinical or pathological factors between the two groups. 

We reported type of pulmonary resection, final 
histological diagnosis, p-stage and intra-operative 
lymphadenectomy details (Table 3).

The majority of the interventions were performed for 
non-small cell lung cancer (NSCLC) in both groups (Group 
T 86.0%, Group S 90.4%). A systematic lymphadenectomy 
was carried out in 59.5% of Group T patients and in 63.8% 
of Group S patients. At least 4 lymph node stations were 
sampled in 86.5% of patients in Group T and in 89.8% in 
Group S.

The mean operative time was about 20 minutes shorter 
in Group S compared to Group T. The length of stay was 
higher in Group S. There were no statistically significant 
differences between the two groups in terms of operative, 
post-operative complications and mortality (Table 4). 
Complications occurred in 30% of patients in Group T 
(infections 2.3%, respiratory and thoracic disorders 18.6%, 
blood disorders 4.7%) and 38.2% in Group S (infections 
7.7%, respiratory and thoracic disorders 19.1%, blood 
disorders 2.9% and others 1.5%). Postoperative mortality at 
30 (Group T 0.0%, Group S 0.4%) and 90 days (Group T 
2.3%, Group S 0.7%) was low and comparable between the 
two groups. Overall survival at 5 years was 74.3% in Group 
T and 72.2% in Group S.

Discussion

VATS major pulmonary resections have become the most 
common procedures in thoracic surgery centres, as its 
feasibility has long been well established, and it has been 
proven to be associated with better outcomes (i.e., hospital 
stay, complications, postoperative pain) compared to open 

Table 1 Grades of the Common Terminology Criteria for Adverse Events (CTCAE) Version 5.0: the grades refer to the severity of the adverse 
event

Grade Common terminology criteria

Grade 1 Mild; asymptomatic or mild symptoms; clinical or diagnostic observations only; intervention not indicated

Grade 2 Moderate; minimal, local or non-invasive intervention indicated; limiting age appropriate instrumental activities of daily living

Grade 3 Severe or medically significant but not immediately life-threatening; hospitalization or prolongation of hospitalization 
indicated; disabling; limiting self-care activities of daily living

Grade 4 Life-threatening consequences; urgent intervention indicated

Grade 5 Death related to adverse event

857 procedures

Surgeries left out:

Pneumonectomies n=37

Bilobectomies n=33

Bronchial sleeves n=22

Arterial sleeves n=12

Wall resections n=11

742 procedures

452 VATS (58.7%)

Conversion rate 4.6%

43 VATS (74.1%)

Conversion rate 12.8%

232 open (41.3%) 15 open (25.9%)

Senior surgeons

684 anatomical resections

 (638 lobectomies, 46 

segmentectomies)

Trainees

58 anatomical resections

(50 lobectomies, 8 

segmentectomies)

Figure 1 Flow chart of selected patients. VATS, video-assisted 
thoracoscopic technique.
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Table 2 Demographical and pre-operative data

Variables Group T (n=58) Group S (n=463) P

Age, years, mean (SD) 68 (9.6) 65.9 (11.1) 0.097

Sex, male, n (%) 33 (56.9) 273 (59.0) 0.873

Charlson Comorbidity Index, mean (SD) 5.2 (2.0) 4.8 (1.9) 0.111

Induction therapy, n (%) 0 (0.0) 26 (5.6) 0.126

Previous lung resection, n (%) 0 (0.0) 8 (1.7) 0.658

FEV1%, mean (SD) 92.8 (33.0) 93.9 (22.2) 0.822

DLCO%, mean (SD) 78.3 (18.2) 76.2 (15.5) 0.549

Table 3 Final histological diagnosis, p-stage and intra-operative lymphadenectomy

Variables Group T (n=58) Group S (n=463) P

VATS resection, n (%) 43 (74.1) 272 (58.7)

RUL 12 (27.9) 108 (39.8) 0.190

ML 4 (9.3) 18 (6.6) 0.749

RLL 8 (18.6) 48 (17.7) 0.999

LUL 7 (16.3) 42 (15.4) 0.999

LLL 7 (16.3) 35 (12.8) 0.711

Segmentectomy 5 (11.6) 21 (7.7) 0.571

Histology, n (%) 43 272

Primary lung cancer 37 (86.0) 246 (90.4) 0.539

Metastasis 4 (9.3) 15 (5.5) 0.532

Benign tumour 2 (4.7) 11 (4.0) 0.999

Lymph nodes removed in NSCLC (≥14), n (%) 22 (59.5) 157 (63.8) 0.741

Equal or more than 4 lymph node stations, n (%) 32 (86.5) 221 (89.8) 0.741

Stage NSCLC (total), n (%) 37 246

I 28 (75.7) 171 (69.5) 0.567

II 5 (13.5) 51 (20.7) 0.420

III 4 (10.8) 23 (9.3) 0.999

IV 0 (0.0) 1 (0.4) 0.999

VATS, video-assisted thoracoscopic technique; RUL, right upper lobectomy; ML, middle lobectomy; RLL, right lower lobectomy; LUL, left 
upper lobectomy; LLL, left lower lobectomy; NSCLC, non-small cell lung cancer.

surgery (15-17). Given these advantages, VATS approach 
has been increasingly adopted in thoracic surgery, while 
open surgery is more and more often used only to manage 
complex cases. As thoracoscopic surgery has become the 
mainstream technique for thoracic surgery, trainees have 
been expected to improve their skills in this field. 

The results of our study, comparing VATS major 
pulmonary resections carried out by experienced surgeons 
and residents, show that VATS anatomical resection can 
be safely performed by trainees. In fact, post-operative 
outcomes and oncological results were similar between the 
two groups. The population characteristics were comparable 
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between the two groups, but some aspects are to be pointed 
out: first of all, patients having a history of previous 
pulmonary resections or undergoing surgery after induction 
therapy were operated by a senior surgeon. This does not 
surprise us: difficult case is faced by senior surgeon. Indeed, 
induction therapy leads to a greater frailty of the patient and 
a higher risk of post-operative complications (18). Instead, 
trainees were more likely to perform easier lobectomies in 
patients with a pathological stage I disease.

The two groups  were  comparable  in  terms of 
lymphadenectomy. Lobectomy with systematic lymph node 
dissection is the standard surgical practice for the treatment 
of lung cancer because it is an important investigative 
procedure in the disease staging process. Appropriate 
lymph nodes assessment is a hallmark of surgical quality 
of curative intent operations for lung cancer. Systematic 
lymphadenectomy provides the most truthful pathological 
TNM, which is decisive in directing adjuvant therapy (19,20). 

When analysing the outcomes, operative time was found 
to be slightly lower in Group S, compared to Group T. 
Conversion rate, hospital stay (longer than 7 days) and 
complications were higher in Group S than in Group 
T (12.9% vs. 4.7%, 39.3% vs. 27.9%, 38.2% vs. 30.2% 

respectively); this finding could be related to many factors, 
such as greater complexity of cases faced by senior surgeons 
(i.e., previous surgery, induction therapy, disease stage). 

The results of our study lead us to believe that a trainee 
does not necessarily have to learn open first and then VATS 
technique. The idea that a trainee must have an extensive 
experience in open surgery before performing VATS 
anatomical resections is still a paradigm to this day, yet 
we are persuaded that open surgery is not preliminary to 
VATS surgery. We rather think that open surgery should 
be considered complementary to VATS surgery; however, 
the open approach remains a really important professional 
skill for any thoracic surgeon. A period in lung transplant 
unit and general surgery should be included in the Thoracic 
Surgery Training Program, in order to ensure that residents 
achieve an adequate level of training in open surgery. 
Another aspect to consider is the patient’s safety. Some 
authors suggest to adopt risk-free based teaching strategies 
in dedicated platforms such as simulation tools (black-
boxes, wet labs, 3D virtual reality simulators) and dedicated 
models (animals or cadaver) accompanied by direct teaching 
in the operating room (“visual acquisition process”) (21). 
Thus, most surgeons do not get an opportunity for hands-

Table 4 Operative, post-operative data, morbidity and mortality

Variables Group T (n=43) Group S (n=272) P

Operative time, min, mean [SD] 225 [62] 242 [67] 0.241

Conversion rate, n (%) 2 (4.7) 35 (12.9) 0.194

Hospital stay >7 days, n (%) 12 (27.9) 107 (39.3) 0.205

Complications (total), n (%) 13 (30.2) 104 (38.2) 0.401

Infection, n (%) 1 (2.3) 21 (7.7) 0.333

Grade ≥ III 1 (2.3) 17 (6.3) 0.499

Respiratory and thoracic disorders, n (%) 8 (18.6) 52 (19.1) 0.999

Grade ≥ III 3 (7.0) 10 (3.7) 0.550

Blood disorders, n (%) 2 (4.7) 8 (2.9) 0.900

Grade ≥ III 2 (4.7) 2 (0.7) 0.162

Cardiovascular disorders, n (%) 2(4.7) 19 (7.0) 0.809

Grade ≥ III 0 (0.0) 1 (0.4) 0.999

Other, n (%) 0 (0.0) 4 (1.5) 0.946

Grade ≥ III 0 (0.0) 2 (0.7) 0.999

Mortality 30 days, n (%) 0 (0.0) 1 (0.4) 0.120

Mortality 90 days, n (%) 1 (2.3) 2 (0.7) 0.879
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on training of thoracoscopic surgery. Virtual simulators 
could represent an alternative to wet labs but, to this day, 
they have proved useful mostly in the learning of the basic 
movements a trainee must assimilate. Therefore, progress 
regarding the simulation of more complex procedures 
as VATS major pulmonary resections is yet to be made. 
Although these strategies could be a resource to develop the 
skills of surgical residents, we think that performing VATS 
procedures in the operating room alongside an experienced 
surgeon still remains a fundamental part of the training in 
order for residents to achieve autonomy. 

Conclusions

Our study shows that trainees can safely perform VATS 
major pulmonary resections without compromising patients 
‘outcome. Notably, in our series, trainee practice did 
not affect surgical time, conversion rate, post-operative 
outcomes, oncological radicality and mortality. The debate 
on whether trainees could perform VATS major pulmonary 
resections without learning the open approach first, is still 
open. Therefore, the best way to teach young surgeons is 
yet to be established. However, when learning VATS as 
well as open technique, the fundamental aspect remains the 
experience acquired in the operating room with an already 
skilled surgeon. This way the trainee can safely carry on the 
procedure knowing that, as in driving school, his teacher 
will be able to help and guide him, and to use dual control 
driving to prevent him from making mistakes. 
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