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Abstract: With the rapid development of thoracic surgical technology, a series of new surgical methods
have been applied in clinical practice. Thoracoscopic pulmonary segmentectomy has become a common
surgical procedure in thoracic surgery. Compared with traditional lobectomy, anatomic segmentectomy
can preserve more lung function and is suitable for patients with early lung cancer. More and more patients
and doctors prefer anatomical segmentectomy. Anatomical segmentectomy is a much more complex
procedure than lobectomy, and it’s challenging and technique demanding, especially when performed
under total thoracoscopic visualization. The main reason lies in the difficulty in dissecting the frequently
variable segmental structures (vein, artery, and bronchus) and identifying the accurate intersegmental
planes. While the basal segment of the lower lobe is relatively complex and variable, the thoracoscopic
S9+10 segmentectomy is one of the most technically challenging anatomical segmentectomies, because of
deeper intraparenchymal localization of the hilar structures, more frequent variations, and more complex
neighboring relationships of the intersegmental planes. The three-dimensional reconstruction images
obtained by computed tomography (CT) scan show that anatomy is excellent. It can help us understanding
the anatomic relationship of bronchi, pulmonary arteries and veins clearly before operation, nodal location,
ensuring the safety of the segmental margin, estimating the volume of the target segment, making the
operation plan, planning of surgical approach and the operation steps, which is absolutely necessary for safe

anatomy.
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Introduction

In recent years, video-assisted thoracoscopic surgery
(VATYS) has attracted much attention and has become a hot
research field, because it has become a safe and effective
surgical approach for stage IA non-small cell lung cancer
(1). It’s difficult to expose and correctly identify the target
vessels and bronchus, because them are commonly variable
and deeply located in the lung parenchyma, beyond that,
tailoring the intersegmental plane is also very difficult in

VATS S9+10 segmentectomy (2-4). The three-dimensional
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reconstruction images can help us to understand the anatomic
relationship of bronchi, pulmonary arteries and veins clearly,
which is absolutely necessary for safe anatomy. A number of
variations in the pulmonary arteries, veins and bronchi have
been documented, and the preoperative recognition of the
delineation is very useful in performing a safe segmentectomy.
The three-dimensional reconstruction images have the
advantage of a clear identification of the pulmonary vessel
branches, even at the subsegmental and more peripheral

levels. According to the anatomic variation of bronchus and
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Video 1 The video depicts a three-dimensional interactive
quantitative surgical planning inferior pulmonary ligament
approach VATS right S9+10 segmentectomy. VAT, video-assisted

thoracoscopic surgery.

vessels and the anatomic position of tumor, the 2 cm safe
margin was measured, so as to define the scope of resection
and make the operation plan, which can effectively solve
the technical difficulties of pulmonary segmental resection,
reduce the difficulty of operation and improve the treatment
effect (5). This paper presented the three-dimensional
interactive quantitative surgical planning inferior pulmonary
ligament approach VATS right S9+10 segmentectomy (Video
I). All procedures performed in this study were in accordance
with the ethical standards of the institutional and/or national
research committee(s), and with the Helsinki Declaration (as
revised in 2013). Written informed consent was obtained from
the patient for publication of this study and accompanying
images. A copy of the written consent is available for review
by the editorial office of this journal.

Clinical summary

A part-solid ground-glass opacity (GGO) lesion had been
identified at the right lower lobe in a 48-year-old female
during incidental computed tomography (CT) screening 13
months prior to her presentation to us. Before admission,
the patient underwent additional CT screening, and it
indicated that the lesion had not significantly changed.
CT imaging defined an 8-mm solitary part-solid GGO at
the basal segments of the right lower lobe, with its density
increasing over several months (Figure I). The patient
urged surgery. The radiologist diagnosed the GGO as
minimally invasive adenocarcinoma. According to the
National Comprehensive Cancer Network guidelines, the
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indication for sublobar resection is a peripheral nodule
sized <2 cm with at least one of the following: pathological
type is adenocarcinoma in situ (AIS), nodule with 50%
GGO on CT, or radiological surveillance confirming a long
doubling time (>400 days). Wedge resection was considered
inappropriate for this case because of the location in the
deep parenchyma, the lesion located too close to the
intersegmental border, a combined segmentectomy would be
performed. Family history was unremarkable, and she had
never been a smoker. She was also assessed preoperatively
to ensure that there was no evidence of metastatic disease.

Preoperative planning

Prior to the operation, the lesion location and the anatomy of
the branches of the bronchus, arteries, and veins were defined
using three-dimensional reconstruction images. The distance
from the lesion to the intersegmental plane was measured in
three-dimensional reconstruction images before the operation
to ensure that the lesion was at least 2 cm away from the
resection margin, the cut line is therefore determined. We
proceeded with the inferior pulmonary ligament approach
VATS right S9+10 segmentectomy (Figure 2).

Preparation before operation, anesthesia,
positioning and port placement

Preoperative workup included clinical history, physical
examination, lung function test, heart function test, blood
gas analysis and basic examinations as usual. The positional
relations of the basal segmental vessels and bronchi were
preliminarily identified mainly through the three-dimensional
reconstruction images. The patient was placed in the left
lateral decubitus position. General anesthesia was induced, and
intubation was achieved via a double-lumen endobronchial
tube. The surgeon stands at the dorsal side of the patient,
the assistant stands at the ventral side of the patient. The
thoracoscope port was placed at the midaxillary line of the 8th
intercostal space, about 1.5 cm long. The main utility incision
was made in the 5th intercostal space at the anterior axillary
line, about 3 c¢m long, while the assistant incision was located
in the auscultation triangle, about 2 cm long. The incisions
were protected with a silicone rubber wound protector.

Surgical techniques of right S9+10
segmentectomy

The basal segment of the lower lobe is relatively complex
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Figure 1 Manage the inferior pulmonary vein. (A) Inferior lung ligament approach. (B) The dissection begun at the inferior pulmonary vein.

All dotted lines reflected the one-to-one correspondence between the actual veins and three-dimensional reconstruction. (C) Identifying the
intersegmental veins V6c and V8b. (D) Identifying V9+10. (E) Transecting V9+10.

and variable, the S9+10 segmentectomy is a difficult
operation. Three methods can be used: (I) interlobar
fissure approach, this method was to start dissection from
the interlobar fissure and make a tunnel between S6 and
basal segments to expose the deep segmental hilum; (IT)
bidirectional technique, this method was initiated from
the interlobar fissure and continued from “posterior
approach”. The pulmonary artery is identified at the
junction of the oblique and the transverse fissure. When
the fissure is incomplete or inflammatory, this step can be
tedious. Opening the fissure can lead to pulmonary tears
and troublesome oozing, However, aside from concerns
regarding possible torsion of S6 after complete separation,
tunneling itself is itself a technically demanding procedure.
The third method was the “Inferior lung ligament
approach”, from the inferior view, the basal bronchus and its
branches are located behind the veins, this method allowed
segmentectomy of S9+10 performed without need to
dissect the fissures and separate the S6 entirely. This report
describes a case of tracking the target segmental branches
by the three-dimensional reconstruction images during
single-direction thoracoscopic $S9+10 segmentectomy start
from the inferior pulmonary ligament. First, the lower
pulmonary ligament was dissociated, the inferior pulmonary
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vein is cleared from the surrounding tissues, and its basal
branches are dissected (2,6). Confirm and transected V9+10
with intersegmental veins V8b and V6c¢ preserved (Figure 1).
After the vein branch is severed, we dissected of the lower
lobe bronchus and resected the lymph node of station 13.
The bronchial branches would be further dissected along the
stems from proximal to distal (2). Confirm and transected
B9+10 (Figure 3). After the bronchial branch is severed, the
artery A9+10 can be seen. At the same level of the severed
bronchus, the artery A9+10 was cut off (Figure 4). Regional
lymph nodes were resected for intraoperative frozen
section pathological examination (Figure 5). The method of
inflation-deflation was used to identify the intersegmental
plane. For the management of the intersegmental plane, we
started from the relatively thin part of the lung tissue and
gradually reached the segmental gate and the thick part of
the lung. The specific steps were as follows: the first step
is to open the boundary between S8 and S9, the second
step is to open the boundary between S8 and S9 along the
straight line where the lower lung ligament is located, the
third step is to open the boundary between S7 and S10, and
the last step is to open the boundary between S6 and S9+10
(Figure 6). The examination of frozen section confirmed
minimally invasion adenocarcinoma. The view of the
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Figure 2 Preoperative planning. (A) An 8-mm solitary GGO nodule at the basal segments of the right lower lobe; (B) identifying the target

segmental and 2cm safe surgical margin. (C,D,E) Three-Dimensional interactive quantitative surgical planning: (C) the anatomy of basal

segment; (D) identifying the target segmental bronchus and artery, ensure that the lesion was at least 2 cm away from the resection margin; (E)

simulated operation resection of right S9+10 segmentectomy. GGO, ground-glass opacity.

Figure 3 Manage the bronchus. (A) The intersegmental vein V8b between B8 and B9+10. (B) All the dotted lines reflect the one-to-one

correspondence between the actual segmental bronchi and the three-dimensional reconstruction. (C) Transecting B9+10.

hilum after RS9+10 removal showed the stumps of targeted
bronchi and vessels, the surgical margin width was greater
than 20 mm (Figure 7). Finally, the lung was dilated, and
air leakage was tested from the stump of the bronchus and
the resection margin of the lung. A 10F thoracic catheter
connected to the negative pressure drainage bottle was
placed in the observation hole. The operative time was 2 h
with an estimated blood loss of 50 mL.

© Current Challenges in Thoracic Surgery. All rights reserved.

Postoperative recovery

The patient recovered well and no occurrence of
complications. The chest tube was removed on postoperative
Day 3, the postoperative hospitalization time was 4 days, the
final pathology revealed a pTmilNOMO minimally invasive
adenocarcinoma. The chest X-ray on postoperative Day 3
revealed that the residual right lung expended well.
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Figure 4 Manage the artery. (A) The artery generally corresponds to the bronchus one by one, and slightly deviates from the spine. After

the bronchial branch is severed, the artery A9+10 can be seen, we can verify it with three-dimensional images. (B) Transecting B9+10.
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Figure 5 Regional lymph nodes were resected for intraoperative frozen section pathological examination. (A) Dissection of station 9 lymph

nodes. (B) Dissection of station 7 lymph nodes. (C) Dissection of station 13 lymph nodes. LNs, lymph nodes.

Comments

Pulmonary segmentectomy has been indicated for an
increasing number of patients with early-stage primary
lung cancer and a part of a benign lesion or a metastatic
lung tumor. Compared with lobectomy, pulmonary
segmentectomy was associated with equivalent oncologic
outcomes in stage IA (T'1aNOMO) NSCLC, but it can
preserve more functional lung tissue. The favorable
surgical results of segmentectomy have so far been
reported (5,7-10). Because of the complex anatomy
and many variations of segmental bronchi and vessels,
thoracoscopic pulmonary segmentectomy is very delicate
in technology. Especially, the anatomy of basal segment
is more complicated. The bronchovesicular pattern of the
right basal segments (S7, S8, S9, and S10) was the most
complex, the branching patterns of segmental bronchus
are B8 and B9+10 in the frequency of 86%, B8+9 and B10
in 8%, and B8, B9, and B10 in 6%. When S* is present
(4% in frequency), care should be taken to differentiate

© Current Challenges in Thoracic Surgery. All rights reserved.

between A10 and A*, and between B10a and B*. While
the pulmonary artery usually branches into the A8 and
A9+10 (90%) in frequency, it sometimes branches into
A8+9 and A10 (8%), and A8, A9, and A10 in 2%. The
branching patterns of right basal vein are V8+9 and
V9+10 in the frequency of 30%, V8+9+10 and V10 in
14%, V8 and V8+9+10 in 2%, V8+9 and V10 in 26%, V8
and V9410 in 18%, and V8, V9, and V10 in 10% (11).
Hence one can see that, pulmonary segmentectomy of
S9, S10, or S9+10 is probably the most challenging one
among different types of segmentectomies, the pulmonary
vessels and branches of the basal bronchi are located in the
deep of the lung parenchyma, which is difficult to expose
and trace accurately (2,4,12,13). In inferior pulmonary
ligament approach, dissection proceeds from the pulmonary
ligament to the hilum using the intersegmental septum as
a landmark. We first encountered the inferior pulmonary
vein, which has the most variations and combinations. This
is key in identifying each branch of the inferior pulmonary
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Figure 6 Manage the intersegmental plane (ISP) and dividing the lung parenchyma. (A+B) Dividing the ISP between S8 and S9. (C)
Dividing the ISP between S7 and S10. (D) Dividing the ISP between S6 and S9+10.
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Figure 7 S9+10 segmentectomy completed. (A,B) View of the hilum after RS9+10 removal showed the stumps of targeted bronchi and

vessels.

vein. From this point of view, the lack of a reference and
insufficient surgical experience and anatomical knowledge
may lead to miscalculation in identifying the vein branches.
The accurate establishment of the target vein is challenging
and should be overcome in RS9+10 resection through the
inferior lung ligament approach. Here we suggest that
three-dimensional reconstruction should be introduced into
the operation, given that it is a good tool to confirm the
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target segment vein and the intersegmental vein. Similarly,
three-dimensional reconstruction can help in tracking the
target bronchi and reducing unnecessary exploration. We
do not need to expose all the branches of the artery because
it does not affect the accurate identification of the target
artery. The artery generally corresponds to the bronchus
one by one and slightly deviates from the spine. Of course,
we still need to confirm which approach will be more re-
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assuring through three-dimensional reconstruction.

In the process of operation, it is very important to
understand the anatomical structure of patients by three-
dimensional imaging and confirm it by many ways (14,15).
The advantages of preoperative three-dimensional
reconstruction are obvious, mainly reflected in the following
aspects. First, the three-dimensional reconstruction can
fully understand the spatial relationship and variation of
each anatomical structure of lung segment before operation,
and can display the three-dimensional direction of blood
vessels. Second, three-dimensional reconstruction can
accurately display the lung segment or subsegment where
the nodule is located, and understand the relationship
between the nodule and the blood vessels and trachea in the
segment, which is conducive to determining the location
during the operation. Especially for deep and untouchable
nodules, the location of nodules is determined by locating
the target segment. After determining the pulmonary
segment where the nodule is located, the lesion can be
resected by anatomical resection of the target segment.
Third, the distance from the lesion to the intersegmental
plane was measured in three dimensions before the operation
to ensure that the lesion was at least 2 cm away from the
resection margin,the cut line is therefore determined. For
intersegmental veins, preserve them as far as possible under
the premise of ensuring sufficient distance between the
incision margins, otherwise sacrificial intersegmental veins
should be chosen to ensure the incision margins. The
segments for resection are determined based on tumor
size and peripheral location in order to critically secure a
segmental margin free of tumor cells. Fourth, the volume of
the target segment and the proportion of the target segment
in the lung lobe can be measured by three-dimensional
reconstruction software before surgery. Fifth, we can make
the operation programme and plan the operation steps.

Based on the three-dimensional interactive quantitative
surgical planning, thoracoscopic segmentectomy for
S9+10 can be performed successfully through the inferior
pulmonary ligament approach. It also reduces the difficulty
of operation and can be applied in most medical centers.
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