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Introduction

From some years, the National Comprehensive Cancer 
Network (NCCN) practice guidelines for non-small 
cell lung cancer (NSCLC) recommend video-assisted 
thoracoscopic surgery (VATS) and the respect of the 
standard oncologic and dissection principles remains a 
sine qua non condition for the minimally invasive thoracic 
surgery (1). Several reports have shown that VATS 
lobectomy is safe for resectable NSCLC, emphasizing 
exciting outcomes of this procedure when compared with 
conventional thoracotomy as shorter length of hospital 

stay, more rapid return to normal activities and higher 
postoperative quality of life (2,3). The accumulation of 
experience together with concurrent improvements in 
instrumentation and video-technology have enabled the 
evolution of VATS lobectomy in the management of more 
complex cases and in high-volume centers, where there 
is significant expertise with minimally invasive thoracic 
procedures, extensive adhesions obliterating the pleural 
space, incompleteness of interlobar fissures, preoperative 
chemo-radiotherapy, previous thoracic surgery, chest wall 
involvement or centrally located tumors are considered a 
relative contraindications (4,5).
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T factor in NSCLC

NSCLC with chest wall involvement, after careful nodal 
and systemic staging, can be treated by VATS and in 
thoracic surgical units the non-availability of endoscopic 
rib-cutting instruments is compensated by using, in selected 
cases, a conventional rib cutter through a hybrid approach: 
the procedure involves a thoracoscopic lobectomy 
combined with a limited incision centred directly over the 
area of planned chest wall resection, with no rib spreading 
and scapular mobilization (Figure 1). However, patients 
requiring resection of 4 or more ribs, those with transverse 
processes involvement or with area of chest wall too close to 
the incisions aren’t optimal candidates for this approach (6).  
Our experience suggests that a hybrid approach can be 
useful even in patients with NSCLC invading the first rib 
in the anterior part of the superior sulcus: in such instance 
a thoracoscopic lobectomy is combined with an anterior 
transmanubrial approach for en-bloc chest wall resection 
through the elevation of an osteomuscolar flap formed 

by sternocleidomastoid muscle, clavicle, first rib and cut 
sternal manubrium, as described in 1997 (7) (Figure 2). 
With increased experience in minimally invasive surgery, 
even the tumor size becomes a relative contraindication 
to VATS lobectomy: a careful hilar dissection and lung 
mobilization can avoid the risk of vascular injury due to 
excessive traction on small arterial branches or incorrect 
identification of appropriate tissue plans that are usually 
thicker and more adherent after neoadjuvant chemotherapy. 
Advanced thoracoscopic skills are need especially for 
centrally located large tumors in close proximity to major 
vascular structures where preservation of lung tissue by 
means of bronchoplastic procedures and vascular sleeve 
resection is highly recommended in patients at increased 
risk for complications after pneumonectomy (8). Also 
the treatment of early stage NSCLC sometimes requires 
technically demanding procedures as in patients undergoing 
lobectomy or completion pneumonectomy by VATS after 
prior lung resection, due to perihilar fibrosis or diffuse 
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Figure 1 Chest wall invasion in patient with lung cancer. (A) Chest CT-scan before neoadjuvant chemotherapy showing pulmonary mass 
with chest wall involvement; (B) chest CT-scan after completion of neoadjuvant chemotherapy demonstrates the lung tumor change in size; 
(C) intraoperative view of two ribs resected during thoracoscopic lobectomy; (D) minimally invasive access incisions used for thoracoscopic 
lobectomy and limited paravertebral incision over the area of planned chest wall resection (white arrow).
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pleural adhesions: in this situation, isolation of vessels can 
be difficult and an opening of the pericardium may be 
necessary if the hilar adhesions are hard enough to dissect 
extrapericardially (9). Moreover, in presence of dense 
fissure, to avoid air leaks following lobectomy in redo 
VATS, we recommend the so-called tunnel technique (10):  
this type of parenchymal dissection allows a complete 
interlobar lymph node evaluation and provides an optimal 
view of the bronchovascular structures (Figure 3). Early 
stage NSCLC treatment can be challenging in other 
conditions as in patients with previous coronary artery 
bypass using left internal mammary artery (LIMA) or 
right internal mammary artery (RIMA) through median 
sternotomy: in these patients, during pleural adhesions lyse, 
cautious attention to avoid damages of LIMA or RIMA 
grafts is mandatory.

N1 disease in NSCLC

Systematic lymphadenectomy is the standard procedure 
in the surgical treatment for NSCLC and allows adequate 
pathological staging. However, in patients with pathologic 
N1 disease surgical management can be complex in 
presence of hilar bulky lymphadenopathy: this condition 
often requires the incision of the vascular sheath with 
dissection of blood vessels within the sheath and a 
meticulous combination of sharp and blunt dissection 
when the fissure is separated to avoid unintentional 
injuries to segmental arteries or anomalous venous 
branches (11), due to enlarged lymph nodes that obscure 
local anatomic structures. Metastases in hilar lymph 
nodes, fused and closely adherent to the bronchovascular 
structures, make minimally invasive surgery more difficult 
to perform and can lead to intraoperative bleeding from 

Figure 2 Lung cancer infiltrating the first rib. (A) Chest CT-scan shows left lung cancer invading chest wall at the level of the first rib; 
(B) resection of the first rib cartilage after L-shaped division of the sternal manubrium (white arrow); (C) L-shaped skin incision along 
the anterior border of the sternocleidomastoid muscle and below the clavicle toward the deltopectoral groove; (D) minimally invasive 
transthoracic approaches for thoracoscopic lobectomy. 
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arterial injury. This circumstance is one of the main 
reasons for planned conversion or urgent conversion to 
open thoracotomy during VATS lobectomy (12). VATS 
surgeons with advanced technical skills may be more able, 
than surgeons with low-level of experience in minimally 
invasive techniques, to prevent hemorrhagic complications 
during dissection of malignant lymph nodes infiltrating 
blood vessels, performing a proximal and distal control 
of the pulmonary artery followed by partial pulmonary 
arterioplasty or bronchovascular sleeve resection (13,14). 
In selected cases of left lower lobe cancer and metastatic 
interlobar lymph nodes with extracapsular spread, to achieve 
a complete lymph node dissection during VATS lobectomy, 
it is possible to perform resection of lower lobe with partial 
preservation of segmental arteries of left upper lobe, as we 
have recently reported (15) (Figure 4). In patients with left 

lower lobe lung cancer and bulky N1 disease or pathologic 
interlobar lymph nodes adherent to the bronchus, other 
surgical procedures can be adopted as pneumonectomy (16) 
or lingular segmentectomy and left lower lobectomy via 
unique bronchial dissection (17).

Conclusions

For challenging cases, the treatment of resectable NSCLC 
by minimally invasive technique should be restricted to high-
volume centers with significant VATS experience. Centrally 
located lung cancers and extracapsular spread of hilar 
lymph node metastases require specific skills during VATS 
lobectomy for prevention and management of intraoperative 
complications. Whenever possible, thoracoscopic lung tissue-
sparing anatomical resections are strongly advisable.

Figure 3 Redo surgery by VATS for the treatment of lung cancer. (A) Lysis of adhesion between lung and parietal pleura; (B) opening of the 
incomplete fissure through a tunnel dissection (white arrow); (C) the anterior part of the fissure is divided by stapler after identification of 
the pulmonary artery; (D) lobar arteries encircled with a loop after dissection of the interlobar fissure.
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