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Video-assisted thoracoscopic surgery (VATS) segmentectomy
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Abstract: The safety and feasibility of the video-assisted thoracoscopic surgery (VATS) approach to
segmentectomy have been widely demonstrating, although the rule of anatomical sublobar resection as a
definitive management of early-stage non-small cell lung cancer is still controversial. To date, thoracoscopic
segmentectomy is principally indicated in elevated risk patient that cannot tolerate standard lobectomy.
The different surgical technique has been described and a growing number of dedicated instrumentation
and technology to safely perform anatomical segmentectomy are available. Compared to standard VATS
lobectomy, segmentectomy is a more challenging procedure, and surgeon experience is critical. VATS
segmentectomy should be considered as a valid option for the management of patients with small-sized early

stage NSCLC, not larger than 2 cm. The only absolute contraindication to segmentectomy is the inability to

obtain radical resection.
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Introduction

Over the last 2 decades, there have been significant
improvements in lung cancer screening programs which
have resulted in the identification of a more considerable
number of small (<2 cm), early stage, lung cancer.
Numerous studies have demonstrated that sub-lobar
lung resection should be considered as an “oncologically
effective” alternative to lobectomy for the treatment of
non-solid/semi-solid small (less or 2 cm) lung tumour
(1,2). Moreover, the adoption of more advanced
thoracoscopic surgical technique has led to a new interest
in the thoracoscopic (VATS) approach to lung anatomical
segmentectomy.

The potential advantages of minimally invasive thoracic
surgery, compared with an open approach, for both lobar
and sublobar pulmonary resection, have been widely
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demonstrated and include reduced pain and release of
inflammation, shorter hospital stays, better functional
results, and even improved long-term survival (3,4).
Many authors have recently shown that VATS approach
segmentectomy for the treatment of stage I non-small cell
lung cancer is feasible and safe with reduced perioperative
mortality and similar overall survival when compared with
VATS lobectomy. Multiple studies have demonstrated
no significant differences between the two approaches
regarding perioperative morbidity, operative time, local
recurrence rate and overall 5-years survival (5-7); studies
have also reported that patients who underwent VATS
segmentectomy had similar or reduced hospital stay
compared to patients undergoing VATS lobectomy.

VATS segmentectomy should be indicated for the
treatment of ground glass opacity. These types of tumor
are often “multi-focal” (and usually have a low rate of local
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recurrences) and potentially require multi-step or redo
surgery.

Moreover, in elderly patients who could possibly
benefit from parenchyma-sparing procedures anatomical
segmentectomy could be a valid alternative to major lung
resection, if a complete resection is achievable.

However, an indication to VATS segmentectomy is
still uncertain, even for small lesion and its role as the
definitive management of early-stage lung cancer remains
controversial; moreover, compared to standard VATS
lobectomy, is a more complicated procedure and surgeon
experience is critical (8).

In addition to concerns about the risk of loco-
regional recurrence, possible arguments against VATS
segmentectomy include:

% Adequate lymph node assessment;

% Complete segmental parenchyma division;

% Localization of small tumours in a segment.

Regarding mediastinal lymph node assessment, when
comparing VATS segmentectomy with VATS lobectomy,
several studies revealed no significant differences in lymph
nodes harvested or nodal stations sampled. In a comparison
between small-sized stage IA NSCLC patients who
underwent thoracoscopic segmentectomy and thoracoscopic
lobectomy, Zhong er 4/. reported no significant difference
in numbers of dissected lymph nodes among the two types
of operation. The investigators also reported that the local
recurrence rate of thoracoscopic segmentectomy was 5.1%
which was comparable to the lobectomy group (9,10).

Ren et al. retrospectively analysed 82 patients that
underwent VATS segmentectomy and VATS lobectomy
for early-stage NSCLC; The local recurrence rate and the
number of lymph node dissected were assessed. The VATS
segmentectomy group showed no significant difference
compared with the lobectomy group regarding the number
of lymph nodes harvested (11). When compared to open
approach, mediastinal lymph node dissection performed by
VATS can be a challenge and complicated procedure mainly
when performed by surgeons at their initial experience with
the VATS approach. Nevertheless, many authors reported
the safety and efficacy of thoracoscopic lymph node
dissection for the treatment of NSCLC and the possibility
to perform an adequate lymph node resection during VATS
major lung resection compared to open approach had been
extensively demonstrated (11,12).

Nodal upstaging (higher N value on the final pathologic
histology compared to pre-operative clinical N stage),
is a predictor of the adequacy of intraoperative nodal
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management. The possibility to perform an adequate lymph
node resection during VATS major lung resection compared
to open approach has been extensively demonstrated.

In an analysis of segmentectomies from the Society
of Thoracic Surgery national database, comparing the
completeness of lymph node dissection during anatomic
lung resection for lung cancer performed by VATS or open
approaches, upstaging from c¢NO to pN1 was reported in 4%
among the group of 170 VATS segmentectomies compared
with 5.3% among 280 open segmentectomies. The authors
observed that the differences in upstaging between VATS
and open approaches might have been the result of selection
bias, and that equivalent nodal staging may be possible with
increasing experience with VA'TS procedure (13).

VATS segmentectomy is technically trickier compared to
VATS lobectomy; it requires a 3-dimensional knowledge of
the segmental broncho-vascular relationships and possible
anatomical variations. Furthermore, the intersegmental
demarcation line on the surface of the visceral pleura could
not be easily identified at thoracoscopic findings. The
debate regarding the optimal technique used to perform a
complete segmental division is still open. Demarcation of
the segmental plane can be obtained with ventilation of the
ipsilateral lung after the division of the segmental bronchus
or a selective jet ventilation (during bronchoscopy) to inflate
the segment of interest can be performed after single lung
ventilation has been obtained. However, the conventional
ventilation recruitment method offers some limitations. The
presence of collateral ventilation (or collateral “air drifts”)
that occasionally take place when the reserved segment
inflation method is applied, limits a clear identification the
intersegmental plane.

Other options for visualization of the segmental plane,
not involving lung inflation, have been recently proposed,
one of these involves relies on infrared thoracoscopy with
indocyanine green injection to visualize adjacent lung
segments and more recently, a new method has been
proposed, based on methylene blue injection into the
bronchus of the target pulmonary segments (14,15).

Localization of a small tumor (less than 1 ¢m) or non-
solid lesion in a segment, not immediately under the
sub pleural surface, can be tricky. Several localization
techniques have been described; injection of the radiotracer,
wire hook and coil markers, radiopaque markers detected
with the assistance of intraoperative fluoroscopy, and dye
injection during navigational bronchoscopy (15-19). All
these innovative procedures reported in the literature,
have successful results. However, localization may also be
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Figure 1 Lingulectomy: adenocarcinoma of the left upper lobe (21).
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Figure 2 Upper segmentectomy of the right lower lobe: growing
ground glass opacity of the lower lobe (22).

Available online: http://www.asvide.com/article/view/24330

achieved in most patients without these techniques.

Technical considerations

Several approaches have been described to perform a
thoracoscopic segmentectomy. The number of ports can
vary from three to two, to single incision (uniport VATS) or
as recently described lung segmentectomy can be performed
through a single subxiphoid approach. This is an innovative
approach that allows anatomical lung resection without
performing an incision in the chest. Although the initial
result is exalting, this procedure is technically demanding
and require specifically designed instrumentations and may
not be performed in all patients (e.g., patients with elevated
BMI) (20).

The commonly performed anatomical segmentectomy
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include lingulectomy, lingula-sparing (left upper lobectomy
or the so-called trisegmentectomy), posterior segmentectomy
of the right upper lobe, superior segmentectomy of the
lower lobe and basilar segmentectomy (that can be single or
multiple).

Regardless the approach and the number of ports,
anatomical segmentectomy is performed by isolation and
division of every single segmental vascular and bronchi.
On the upper lobe the most frequently sub-lobar resection
performed is lingulectomy and lingual-sparing upper
lobectomy. When performing a lingulectomy dissection
should start from the vein. Once the vein is parted, the
upper lobe bronchus is dissected distally to identify and
divide the segmental branch to the lingula. At this time
dissection of all hilar lymph nodes should be performed
(station 11 and 12). The lingula artery is then isolated and
parted. The fissure is completed, and transection of the
parenchyma is finally performed (Figure I).

Upper lobe trisegmentectomy is initiated by dividing the
mediastinal pleura over the superior vein, and the branches
superior to the lingular branch are dissected and divided
with the stapler. The anterior branch of the pulmonary
artery is isolated and divided. Division of the artery allows
mobilisation of the upper lobe bronchus. The tri-segmental
bronchus is dissected and divided, lymph nodes at levels 10,
11, and 12 are removed. The parenchymal division between
the upper lobe and the lingula should easily be identified
and stapled.

Superior segmentectomy of the lower lobe is the most
commonly performed anatomical sublobar resection. The
pulmonary ligament is incised until the lower lobe vein is
exposed. The mediastinal pleura is dissected posteriorly,
and the vein to the upper segment is identified and stapled.
The arterial branch is identified in the fissure and stapled.
This allows identification of the bronchial segment.
Dissection of lymph nodes station 11 and 12 is performed.
The bronchial segment is then stapled, and segmentectomy
is completed dividing the parenchyma. If the fissure is
incomplete dissection is performed proceeding with a
posterior to anterior approach, and the sequence should
be vein-bronchus-artery (Figure 2). Basilar segmentectomy
(all four segments), can be performed, however, sparing
only the superior segment may be of uncertain benefit and
should be considered for selected patients.

Conclusions

The oncological value of segmentectomy is still
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controversial. Several published studies report contradictory
results. Most of those research is a retrospective analysis
of a limited population or studies based on an extensive
national database that often suffers from the incomplete
record. Randomized prospective studies should be waged to
clarify the rule of segmentectomy as a definitive treatment
for early-stage lung cancer. To date, VAST segmentectomy
is frequently performed in elevated risk patients that are
not eligible to undergo standard lobectomy. In our opinion
segmentectomy should be considered as a valid option for
the management of patients with small-sized early-stage
NSCLC, not larger than 2 c¢m taking care to perform a
complete anatomical resection with a parenchymal margin
of at least of 2 cm. The main contraindication to VATS
segmentectomy is the inability to obtain radical resection.
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