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Abbreviations: VATS: Video-Assisted Thoracic 
Surgery; RATS: Robotic-Assisted Thoracic Surgery; 
OR: Operating Room; ICU: Intensive Care Unit; IQRs: 
Interquartile Ranges (IQRs); ANOVA: Analysis of 
Variance

Background
In last decades, video-assisted thoracic surgery 

(VATS) together with robotic-assisted thoracic surgery 
(RATS) can be considered the biggest innovation in 
thoracic surgery. This approach drastically changed 
the way of performing surgical operations, improving 
patient’s outcome undergoing thoracic surgery. Initially 
performed for minor pulmonary resections [1], VATS has 
been subsequently applied for major operations such as 

lobectomies with many authors pointing out possible risks 
in terms of oncological radicality, safety (complications 
and mortality), advantages for patients in terms of pain 
level and better quality of life. Initial worries have been 
completely wiped out with the improvement of surgical 
equipment and the development of new technologies, 
with more and more sophisticated and demolitive 
surgical operations being performed, with indications 
ranging from pulmonary or mediastinal biopsies to lung 
cancer major resections [2].

The evidence about the advantages of VATS in terms 
of reduction in patient’s morbidity and better surgical 
outcomes has increased [3-13] showing that, when 
compared to open thoracotomy, VATS lobectomy allows 
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a faster post-operatory recovery, a decreased incidence 
of prolonged air leak, arrhythmias, pneumonia and pain, 
a reduction of inflammatory parameters and a better 
esthetic outcome [14-20]. As such, VATS progressively 
replaced traditional approach for minor pulmonary 
resections [21]. 

In today’s cost-conscious health care environment, it is 
necessary to assess the real burden of VATS lobectomy 
in terms of costs and to prove whether above-mentioned 
advantages justify the use of this procedure: indeed, 
some studies focused on the economic analysis of 
VATS procedure [22-29]. The present study reports the 
experience in our institution facing VATS in lung cancer 
major resections, analyzing data in terms of oncological 
results, morbidity, mortality and hospitalization costs. 

Methods
Patients recruitment

We retrospectively reviewed clinical and surgical 
outcomes of pulmonary lobectomies performed between 
January 2017 and September 2018 at our institution. 
Patients were stratified in two groups - namely “VATS” 
and “NO-VATS group” - according to the undertaken 
procedure; patients undergoing conversion thoracothomy 
during VATS procedure were allocated in the VATS group. 
Most of these procedures were performed for initial stage 
Non-small-cell lung carcinoma (NSCLC). Demographics, 
clinical and surgical data were gathered, retrospectively 
analyzed and stratified based on the chosen surgical 
approach. 30 days morbidity and mortality rates were 
evaluated. The eligibility criteria for VATS lobectomy 
included: disease confined to the lung parenchyma, 
lesion’s diameter smaller than 5 cm and absent N1 or 
N2 lymph node involvement from the pre-operatory 
radiological investigations (CT and PET scan). 

Surgical approaches 

We perform video-assisted lobectomy procedures with 
a mini-thoracotomy on the 4h-5th intercostal space 
at the anterior axillary line level, following Gonzales-
Riva’s method [30]. The same access is then used to 
insert pleural drainage at the end of the operation; in 
case of conversion, thoracotomies are mostly performed 
laterally. Both the surgeon and the assistant stand in front 
of the patient in order to have the same thoracoscopic 
view during all the steps of the procedure and to allow 
more coordinated movements. The scrub nurse should be 
positioned behind the patient. 

Although vision is only obtained through the front access 
site, the combined movements of the thoracoscope along 
the incision will create different viewing angles (the 10 
mm 30 degrees thoracoscope is strongly recommended 
for a broad vision). Coordinating the thoracoscope 
with the other instruments, we get a targeted vision 
which allows us to place surgical instruments in order 

to focus the target tissue from a sagittal perspective. 
The instrument must be long and curved to allow their 
simultaneous insertion. Proper lung exposure is essential 
to facilitate the dissection of structures and to prevent 
interference between the different instruments.

The patient is placed in a lateral decubitus position in the 
same manner as in the conventional VATS, under general 
anesthesia and ventilated with a double lumen tube. The 
incision, about 4-5 cm long, is preferably performed at 
the fourth or fifth intercostal space in the anterior axillary 
line. From this position, according to the author, we are 
able to acquire the best angles to perform the dissection 
of the hilum and the insertion of the staplers. 

In the minimally invasive approach the major vascular 
structures are generally managed with the use of staplers, 
as well as the lobar bronchus: in our Thoracic Surgery Unit 
there are two types of mechanical staplers and relative 
cartridges: the ECHELON FLEX™ Powered Vascular 
StaplerFlex 35 mm (Ethicon) and the ECHELON FLEX™ 
ENDOPATH® Staplers (45 mm). For most surgical 
operations the thoracoscope is placed backward to the 
thoracotomy site, while the anterior part is thought for 
the rest of surgical equipment. For the lower lobectomies 
the normal dissection sequence is: pulmonary ligament, 
inferior pulmonary vein, pulmonary artery, bronchus 
and finally completion of the fissure. In case of superior 
lobectomies, the pulmonary artery is normally dissected 
first, followed by the dissection of the vein, the bronchus 
and ultimately the fissure. 

When the lobectomy is completed, the lobe is removed 
via an Endo-bag and then a routine lymph node dissection 
is performed. A drainage tube is inserted at the back of the 
thoracotomy. Besides the canonical contraindications of 
VATS Lobectomy, Gonzalez-Rivas adds the discomfort for 
the surgeon and the presence of voluminous neoplasms 
that require the enlargement of the thoracotomy [30]. 
Regardless of the surgical approach, hylar dissection and 
lymphadenectomy were performed following the same 
steps.

Postoperative management

Thoracic operations were performed together with 
a dedicated anesthesiological team. Most patients 
belonging to the NO-VATS group received a peri-
operative analgesic therapy administrated with different 
approaches (such as opiods and/or NSAID i.v. or 
epidural analgesia with naropine) and after 24 hours 
they were shifted to a standard anthalgic therapy based 
on paracetamol (1g every 8 hours i.v.) with NSAID (30 
mg i.v.) for breakthrough pain.

Patients managed with a VATS approach underwent 
a peri-operative eco-guided serratus plane analgesic 
block generally performed 1 hour before surgery in the 
operating room by the anesthesiologist. 
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Chest drainage (digital Thopaz – Medela©) were kept 
to suction until perioperative chest X-ray execution 
and were then switched to valve in case of good lung 
expansion. Criteria for chest drainage removal were an 
output lower than 200 cc/day and absence of air leakage.

Regardless of the type of surgical approach they 
underwent, in our Unit patients were considered to be 
dischargeable if in a good general condition, with good 
pain control and after pleural drain removal - that is 
when the imaging yields a good radiological picture. 

Cost Analysis 
Hospitalization costs were calculated considering 

together disposable devices, operating room (OR) 
occupation time, staff, instrumental investigations (e.g. 
chest radiographies) and the daily cost of conventional 
ward and/or intensive care unit (ICU) stay; all data were 
provided by the financial department of our institution. 
Operation time and in-hospital stays were collected 
retrospectively from the company databases; several 
disposable devices consumption has been deduced from 
the operative notes. Items common to both approaches 
were not taken into consideration (e.g. the cost of 
double-lumen orotracheal tube, gowns and gloves, etc.). 
In the same way, the cost of the multi-use material (e.g. 
surgical instruments, monitors, ventilators, etc.), either 
purchased or rented, was not taken into consideration 
in the cost analysis since it is part of the usual supply 
of an Operating Unit of Thoracic Surgery. All the costs 
were determined and stratified according to the type of 
surgical approach.

Statistics and data handling

Mean and standard deviation or median and interquartile 
ranges (IQRs) were used to describe, respectively, 
parametric and non-parametric data. Unpaired T tests 
was used to investigate differences between unpaired 
groups of parametric data; analysis of variance (ANOVA) 
was used for the same purpose when comparing more 
than 2 groups. Mann Whitney test was used to compare 
the difference between non-parametric distributions. 
Chi squared test was used to investigate differences in 
frequencies of categorical data. All data were imported 
and handled with R and R studio (v 3.5.1). R package 
ggplot2 was used to make plots.

Results
Patients characteristics

A total of 178 pulmonary lobectomies were performed: 
130 patients in the VATS group and 48 patients in the 
NO-VATS group. Patients demographics (age, sex) 
and cancer histotypes and stages are shown in table 1. 
Moderate imbalances can be observed for sex, cancer 
histotypes and stages. 

As illustrated, in 153 patients there was a pathologic 

diagnosis of primary NSCLC lung cancer, in 2 case we 
found a small cell lung cancer (SCLC), 4 patients were 
diagnosed with metastasis from other primitive cancers, 
7 patients with other rare tumors and 12 patients did not 
receive a diagnosis of cancer.

NO-VATS 
(n=48)

VATS 
(n=130)

p 
value

Age 68.5 ± 16.7 69.0 ± 18.0 0.7054

Sex 0.8081

Female 15 (31.0%) 45 (35.0%)

Male 33 (69.0%) 85 (65.0%)

Histotype 0.3675

adenocarcinoma 23 (48.0%) 90 (69.0%)

adenosquamous 0 (0.0%) 2 (1.5%)

squamous cells 10 (21.0%) 15 (11.5%)

large cells 
neuroendocrine 4 (8.0%) 9 (7.0%)

small cells 
neuroendocrine 1 (2.0%) 1 (1.0%)

other tumors 5 (11.0%) 2 (1.5%)

metastases 1 (2.0%) 3 (2.5%)

not cancer 4 (8.0%) 8 (6.0%)

Stage 0.0742

0 0 (0.0%) 0 (0.0%)

I 14 (29.1%) 81 (62.3%)

II 8 (16.6%) 19 (14.7%)

III 16 (33.3%) 17 (13.0%)

not primary 
lung cancer 10 (21.0%) 13 (10.0%)
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Lobe 0.4679

Bilobectomy 3 (6.0%) 2 (2.0%)

RLL 6 (12.0%) 27 (21.0%)

LLL 6 (12.0%) 20 (15.0%)

ML 3 (6.0%) 6 (5.0%)

RUL 17 (35.0%) 42 (32.0%)

LUL 13 (27.0%) 33 (25.0%)

Table 1: Shows the features of patients from the two 
groups. RLL: Right Lower Lobe; LLL: Inferior Left Lower 

Lobe; ML: Middle Lobe; RUL: Right Upper Lobe; LUL: 
Left Upper Lobe.

Clinical outcomes

VATS techniques resulted in a mean decrease in 
operating time of about 20 minutes (128.9 ± 28.04 
minutes for VATS, 148.8 ± 49.16 for NO-VATS, p=0.01; 
Figure 1). We did not observe a significant difference in 
the number of nodes sampled between VATS and NO-
VATS groups: the mean number of nodes sampled was 
23.3 in the VATS cohort and 24.1 in the NO-VATS one 
(p=0.75, Figure 1).

We next compared day-by-day collected self-reported 
post-operative pain among the two groups. In the first 
week - except for days 3 and 4 - the mean pain level 
was higher in the NO-VATS group; this difference, 
though, didn’t reach statistical significance (Figure 2). A 
comparison of the pain levels after the eight day is harder 
due to the great amount of discharged patients and the 
subsequent decrease in the numerosity of the population. 

Figure 1: Surgical outcomes.
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Finally, the median of doses of as needed pain medications 
was lower in the VATS group; nevertheless, this didn’t 
reach statistical significance (p=0.54).

Incidence of 30 days postoperative complications 
are shown in Table 2. We considered broncho-pleural, 
respiratory failure, acute kidney injury and acute 
coronary syndrome as major complications. Prolonged 
air leak was the most frequent event in both groups but its 
incidence was higher in NO-VATS group (not significant, 
p=0.5536). 

Minor complications rate was significantly lower in the 
VATS group (p=0.0045) and the same we found out for 
major complications but without reaching the statistical 
significance (p=0.0873).

Total morbidity (including major and minor 
complications) resulted to be significantly lower in the 
VATS group (p=0.0046).

complication
NO-

VATS 
(n=48)

VATS 
(n=130) p value

Wound 
infections 4 (8%) 0 (0%) 0.0057

Prolonged air 
leak 15 (31%) 33 (25%) 0.5536

Anemia 4 (8%) 4 (3%) 0.2737

Arrhythmias 5 (1%) 3 (2%) 0.0561

Any minor 
complication 27 (56%) 41 (32%) 0.0045

Broncho-pleural 
fistula 1 (2%) 1 (1%) 1

Respiratory 
failure 4 (8%) 2 (2%) 0.0781

Acute kidney 
injury 1 (2%) 5 (4%) 0.9120

Acute coronary 
syndrome 2 (4%) 0 (0%) 0.1237

Any major 
complication 7 (15%) 7 (5%) 0.0873

Any 
complication 29 (60%) 46 (35%) 0.0046

Table 2: Total morbidity and type of complication.

VATS technique operations led to a significant reduction 
in mean hospital stay: patients undergoing VATS had 

Figure 2: Pain level.
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an average earlier discharge of 3.57 days compared to 
the NO-VATS group (5.45 ± 3.46 days vs 9.02 ± 7.62 
days, p=0.0028; Figure 3). We did not observe in both 
our cohort’s perioperative mortality cases or cases of 
readmission within 30 days from the operation.

As expected, the surgical costs were sensibly higher for 
VATS procedures (€ 2546.26 ± 489.12) than NO-VATS 
ones (€ 2138.58 ± 451.99) mainly because of a larger 
use of staplers and the disposable instruments needed 
(p<0.05; Figure 4). Conversely, the hospital stay costs 

were significantly higher for the NO-VATS group (€ 
2899.57 ± 4144.37) than the VATS group (€ 1084.71 ± 
1047.11, p<0.05; Figure 4). Finally, despite the greater 
surgical cost, mean overall costs turn up to be lower for 
the VATS group (€ 3625.11 ± 1079.13) than the NO-VATS 
group (€ 5038.16 ± 4211.80) with statistical significance 
(p= 0.026, Figure 4).

Figure 5 shows the impact of outliers in the mean costs: 
indeed, in the VATS group there is a significant lower 
number of patients exceeding the cost of 5000 € (27.1% 

Figure 3: Surgical complications.
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Figure 4: A. Overall costs; B. Surgery costs; C. Recovery costs.

Figure 5: Procedural costs.
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for NO-VATS and 7.0% in VATS, p=0.0007). This is 
probably due to a longer stay in ICU that we observed 
in these outliers’ patients which is due to the higher 
complications incidence that we found in the NO-VATS 
group.

Discussion
Lung cancer represents the second malignancy in 

both men and women and the first cause of cancer-
related mortality. Because of the worldwide diffusion 
of lung cancer screening programs [31,32], major lung 
resections for initial stage diseases (stage I and II) 
have been increasingly performed in past decades even 
thanks to advances in surgical techniques and equipment 
and the development of new technologies [33,34]. In 
this scenario, VATS emerged as a new and feasible 
approach representing a viable alternative to classic open 
thoracotomy.

With the widespread application of VATS for major lung 
resections, many authors reported different experiences, 
trying to investigate the efficacy and feasibility of this 
technique mainly in oncological terms. Despite VATS 
advantages have been already largely evaluated and 
approved, its costs have been considered as an obstacle 
to the diffusion of the thoracoscopic technique [35,36].

Gossot et al. reported that VATS surgical costs resulted 
to be higher than classical thoracotomy with a small but 
significant difference (€ 2861 ± 458 vs € 2260 ± 398, 
p<0.001) [36]. Other authors, such as Casali and Walker 
outlined a greater difference in costs among the two 
techniques (€ 2533 ± 230 vs € 1280 ± 54, p<0.001) [23]. 

As illustrated, we found similar results with VATS 
lobectomy having significantly higher surgery-related 
costs compared to NO-VATS. This data came out from 
the addition of operating room costs, the staplers’ 
cartridge and fixed costs of both approaches. The 
operating room costs are mainly related to the surgery’s 
duration and the equipment costs (e.g. staplers’ cartridge 
and the endobags). The staplers’ cartridge cost is 
obviously determined by their usage, sensibly higher 
in thoracoscopic procedures. The employment of the 
endobags is necessary to remove the anatomical pieces 
in order to reduce the risk of malignant cells’ implants in 
the surgical accesses [37,38].

About the OR time, in our experience the surgical time 
in the NO-VATS group was longer of an average of 20 
minutes (p= 0.013); conversely Gossot reports that his 
thoracoscopic technique was more time consuming than 
a posterolateral thoracotomy (time difference of about 77 
minutes), with much greater averages compared to the 
other authors [36].

Focusing on the different kind of lobectomies, in the 
VATS group we observed an higher surgical cost for 
upper-left lobectomies (€2895.84 ± 446,96) compared to 

the others (€2255.91 ± 267.74 for lower-right lobectomy, 
€2397.04 ± 340.14 for middle lobectomies, €2519.60 
± 356.68 for upper-right lobectomy and €2283.05 ± 
277.33 for lower-left lobectomy): this is probably due 
to the longer duration and the use of an higher number 
of staplers’ cartridge that are related to this procedure. 
This data is in contrasts with other authors, who found 
the upper-right lobectomy to be the most expensive 
procedure to be performed with VATS.

Regarding the hospital stay, we highlighted significant 
differences between the two groups: patients who 
underwent VATS had a reduction in hospital stay of 3.57 
days. This evidence, together with the lower length of 
ICU stay and number of chest radiographies performed 
in the VATS group, can explain the significant difference 
observed in the overall cost.

The decrease in the hospital stay that we reported 
for VATS is also related to our improvement in post-
operative management. Indeed, we have replaced the 
most traditional draining systems with the latest ones, 
currently used in our Unit (e.g. Thopaz – Medela©), 
equipped with a digital display: this could provide real 
time objective data on air leakage and liquid output which 
allowed us to easily monitor the clinical progression. 
Even though the difference was not significant, the 
advantage in pain control for the VATS group allowed 
us to perform an immediate post-operative respiratory 
kinesis physiotherapy with these patients.

In our economic analysis, we did not included outpatient 
clinical related costs and this element could enhance the 
advantage of performing VATS rather than open surgery.

Indeed, Bendixen et al. has recently reported a cost-
effectiveness analysis based on their randomized 
controlled trial where they compared VATS against lateral 
thoracotomy for stage I lung cancer [28]. Nevertheless, 
VATS showed a brief hospital stay, recovery costs resulted 
to be similar for both the approaches, but assessing the 
overall costs - where they also included outpatient clinical 
charge (e.g. number of medicine’s prescription, number 
of general practitioner visits, etc.) - VATS resulted to be 
cheaper than lateral thoracotomy.

Conclusions
VATS yielded similar surgical outcomes to NO-VATS 

in terms of sampled nodes and resulted in a significant 
reduction in the OR occupation. Patients who underwent 
VATS had a reduction in postoperative pain level and a 
lower request for breakthrough pain medications. VATS 
technique resulted in a significant reduction in mean 
hospital stay and a lower postoperative complication 
rate. Our study confirmed that VATS had higher surgical 
costs than lateral thoracotomy but it assessed that VATS 
yielded a significant reduction in hospital stay costs and 
this resulted in a reduction of the overall cost for VATS 
compared to NO-VATS.
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In conclusion, being VATS a technique that reduces 
postoperative pain, it would grant a better quality of 
life so that patients would be more responsive to a fast 
recovery in order to go back to their everyday activities 
and their jobs, reducing the indirect healthcare costs. In 
the current epidemiological panorama, this data appears 
to be noteworthy because lung cancer is diagnosed earlier 
and earlier, meaning a younger population that has to 
undergo surgery.

This study recognizes some limitations: first of all, it is 
not a randomized, retrospective study so, nevertheless 
the ethical issue, it would be helpful to lead a prospective 
study to assure and confirm these evidence and to prevent 
selection bias; we had a limited sample size, due to the 
initial stage of our experience with VATS lobectomy; in 
our economic analysis we did not included outpatient 
clinical related costs and this element could enhance the 
advantage of performing VATS rather than open surgery.
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