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Introduction

In recent years, the diagnosis of small lung nodules and non-
solid lung cancers has been increasing due to developments 
in computed tomography (CT) technology. It is reported 
that the prognosis of such malignancies is good even with 
a sublobar resection (1-3). It is reasonable to perform a less 
invasive resection of a smaller volume of lung tissue, and the 
simple procedure of wedge resections may be sufficient if 
tumors are located in the peripheral sub-pleural parenchyma. 
However, wedge resection is inadequate for most primary 
lung cancers and for nodules located deep in the lung. 
Segmentectomy is preferred in such cases to secure an 
adequate surgical margin (4). In open thoracotomy surgery, 
a tumor is dissected bluntly by maintaining a sufficient 
margin while directly palpating the tumor. However, in 
thoracoscopic surgery, in which a hand cannot be passed 
directly into the thoracic cavity, it is important to proceed 
with the operation with a clear anatomical understanding.

Anatomical segmentectomy

In a lobectomy, demarcation of the lobar anatomy is usually 
relatively straightforward. In contrast, segmentectomy 
is more complex. In particular, the recognition of the 

subsegmental fissures within the pulmonary parenchyma 
may be difficult, with unclear boundaries between adjacent 
segments. In addition, when the target disease is a malignant 
tumor, it is necessary to secure enough surgical margin. 
In a thoracotomy, the tumor is dissected bluntly from the 
adjacent segments by maintaining a sufficient margin while 
directly palpating the tumor, and involved blood vessels 
are also treated. During thoracoscopic surgery, in which 
a hand cannot be passed directly into the thoracic cavity, 
it is important to proceed with the operation with a clear 
anatomical understanding. 

The lung segments extend to the peripheries with the 
bronchus as the base. There are ten segments in the right 
lung (upper lobe, three; middle lobe, two; lower lobe, five) 
and eight segments in the left lung (upper lobe, four; lower 
lobe, four). Each segment has a different morphology, size 
and blood vessel branch, which depend on its site, and 
there are many variations among patients (5-7). The left 
upper lobe is divided into the upper and lingular divisions, 
while the bilateral lower lobes are generally divided into 
the superior and basal segment that is combined with the 
remaining area. As lobation is occasionally observed between 
these segments, the anatomy is relatively simple and easily 
understood. Therefore, video-assisted thoracic surgery 
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(VATS) segmentectomy has often been performed along 
this plane (8,9). The problem lies with resections of other 
segments. It is important to plan and accurately perform the 
procedure (10-12). A variety of methods have been devised 
and used clinically, especially in thoracoscopic surgery, to 
solve the problem of the lack of tactile guidance (13-15). 

With non-anatomical segmentectomy, the pulmonary 
parenchyma is roughly incised after treating the pulmonary 
artery and bronchus at the pulmonary hilum. However, 
it is not yet possible to cover resection of all segments 
with this method alone. The next branch of the segmental 
bronchus is  called a subsegmental bronchus (16). 
Thoracoscopic resection of this subsegment has recently 
been performed (17). Thus, we describe herein the methods 
of understanding the dissection required for anatomical 
segmentectomy.

Understanding vascular structure

As the segmental artery is located at the pulmonary hilum 
in the superior segment of the lower lobe, identification and 
dissection are relatively easy. However, as arterial branches 
are embedded in the pulmonary parenchyma in some 
segments, it is sometimes necessary to preserve the proximal 
branch and divide the peripheral. Also, in many cases, more 
than one arterial branch is present even in a single segment. 
In such cases, it is useful to observe in detail and understand 
the morphology of the branch by employing contrast-

enhanced CT, in order to carry out the surgery smoothly. 
A segmental artery normally accompanies the segmental 
bronchus. After completing division of the affected artery, 
the segmental bronchus can be easily traced as it is less 
flexible in the surrounding tissues. 

With rapid advances in multi-detector CT (MDCT) in 
recent years, it has become possible to easily perform three-
dimensional (3D) processing not only in a workstation but 
also on a personal computer (Figure 1). By using MDCT, 
we understand each patient’s individual anatomy and can 
perform operations mainly by defining the course of arteries 
and veins (13-15). Usually, radiologists or technicians 
construct the 3D image using a workstation. The arteries 
and the veins are separately segmented and color-coded 
by CT value, and these volume-rendered images are then 
merged into the 3D-CT angiography. This image is ideal 
but it takes a long time to create. Thoracic surgeons know 
the basic anatomy of the lung, and therefore don’t need 
complex images. When we use volume rendering methods, 
we prepare simple images that meet our needs in as little 
time as approximately seven minutes (http://www.youtube.
com/watch?v=tSO58k9Lja8). By cutting out the area of 
interest, the image can be magnified, de-magnified or rotated 
during surgery (Figure 2). We previously reported that 
port-access thoracoscopic segmentectomy could be safely 
be performed in all segments using this approach, termed 
Segmentectomy Achieved by MDCT for Use in Respective 
Anatomical Interpretation (SAMURAI) (15). Since 2004, 
we have performed thoracoscopic segmentectomy in 160 
patients including subsegmentectomy in 20 patients, and our 
completion rate is 98%. The surgical results for small lung 
cancer are still insufficient, with a mean follow-up period 
of only 3.5 years as yet. However, the 5-year survival rate is 
100%, which is very favorable. 

The venous branches within the segment become 
intersegmental veins as they converge, and return to 
the hilum. In segmentectomy, it is very important to 
understand these intersegmental and intra-segmental veins 
(Figure 3). The pulmonary parenchyma is dissected along 
the intersegmental vein, and intrasegmental vein thereby 
is identified. Division of the intrasegmental veins allows 
identification of the intersegmental border and facilitates 
the further parenchymal dissection (14,15). It is as if a clam 
can be opened when the adductor is cut.

Surgical margin

The SAMURAI method not only defines the running of 

Figure 1 Three-dimensional computed tomography angiography. 
PA, pulmonary artery; PV, pulmonary vein.
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blood vessels but also determines the extent of resection 
by virtually defining surgical margins. If it is difficult to 
preserve the margin in a single segment resection, we 
perform an extended resection of the parenchyma of 
adjacent segments.

Iwano and colleagues reported that radiologists propose 
the extent of resection to surgeons by superimposing a 
spherical safety margin on 3D images using a workstation 
for CT (18). While this method is ideal, preparing the 
images can be complex and time-consuming for surgeons. 
Although the SAMURAI method cannot create a perfect 
sphere in images, the surgeons themselves can evaluate 

resection margins intraoperatively using an appropriate 
scale in real time (15). 

Identification of the intersegmental border

Inflation-deflation line

The basis of segmentectomy is to isolate and divide 
the bronchus and then dissect its peripheral pulmonary 
parenchyma. For conventional segmentectomy in open 
thoracotomy, division at the intersegmental border was 
generally performed by dissecting the bronchus in the 
affected lung and collapsing the lung on the peripheral side. 

Figure 2 S1+2a (apical subsegment in left apical posterior segment) resection of the left upper lobe. (A) Three-dimensional computed 
tomography angiography with a marking of the tumor indicates two subsegmental arterial branches should be divided from the left apical 
posterior segmental artery. White arrow, first branch of the subsegment; Black arrow, second branch of the subsegment; (B) Operative view 
of the patient. The white arrow indicates the first arterial branch; (C) Operative view of the patient. The white arrow indicates the stump of 
the first arterial branch. The black arrow indicates the second arterial branch that was encircled in the deep parenchyma.

Figure 3 Schema of lung segmentectomy. The intersegmental plane is dissected preserving the intersegmental veins. Intrasegmental veins 
of the affected segment should be identified and divided.
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In lung cancer patients, the actual method involved securing 
a margin by directly palpating the tumor. Meanwhile, 
Tsubota reported a method of inflating the affected segment 
to be beneficial (19). Moreover, Okada and colleagues 
visualized the intersegmental plane by selectively inflating 
the segment using a jet ventilator and reported this approach 
to be effective in securing an operative field. Expansion 
of the affected segment allows not only visualization of 
intersegmental borders but also maintains the morphology 
and size of the resected lung in the same state as the actual 
systemic physiological state, thereby achieving more 
accurate evaluation of resection margins (11). Therefore, it 
is considered to be more advantageous oncologically and is 
becoming a standard method in Japan. 

Thus, jet ventilation is useful as an inflation method 
for the affected segment in thoracoscopic surgery or small 
thoracotomy. However, this method requires equipment 
and another doctor to maneuver the bronchoscope. Some 
institutions experienced such difficulties and various 
modifications have been devised. Direct inflation into the 
bronchus using a butterfly needle from the operative field was 
reported to be useful (20). However, great care is essential as 
this approach can reportedly cause air embolism (21). 

We were not able to effectively insert the bronchoscope 
into the smaller  bronchi  during resect ion at  the 
subsegmental (third order) bronchial branches (16). 
Therefore, we attempted to block the bronchus by ligation 
with expansion of the affected segment, especially in 
segmentectomy of smaller bronchial calibers. We ligated 
a bronchus conventionally using a knot pusher after 
ventilation when the bronchus was narrow. However, 
this method cannot be performed quickly after inflation; 
therefore, the affected segment will be partly deflated. 

We found that the monofilament slip-knot, customized 
from the previously reported modified Roeder knot, 
was useful since it enabled the surgeon to ligate the 
bronchus during ventilation of the lung. The bronchus is 
closed by pulling the thread (http://www.youtube.com/
watch?v=XH2jt7kL3mo), and was effective for creating the 
inflation—deflation line (Figure 4) (22). We believe that 
this method can be generalized because it doesn’t need any 
special equipment and is applicable at any time.

Intersegmental veins

As described earlier, intersegmental pulmonary veins 
serve as important landmarks (15). The dissection of 
their branches, the intrasegmental pulmonary veins, 
facilitates intersegmental dissection. When it is difficult 
to reach the segmental artery and bronchus located in 
the deep areas of the pulmonary parenchyma, we can 
reach the target bronchus by dissecting the parenchyma 
along the intersegmental pulmonary vein. For example, 
in segmentectomy of S9+10 or S10 of the lower lobe, 
the bronchus is located in a very deep area far from the 
interlobar area. We have devised a posterior approach 
to dissecting the pulmonary parenchyma along the vein 
(V6) between the superior and the basal segment, initially, 
thereby reaching the bronchus posteriorly (http://www.
youtube.com/watch?v=V2Rq92JB6vk) (23). Once the 
bronchus is reached, a line between the inflated and deflated 
areas is created using the aforementioned method. This 
facilitates dissection of S9 and S10, formerly classified as 
the most difficult segments, and reduces the operative time. 
As such, visualization of the line between the inflated and 
deflated areas and the intersegmental vein dissection are 
both important in performing intersegmental dissection.

Other techniques

There is a report describing a fluorescence method, 
wherein indocyanine green is injected into a blood vessel 
after treating the target segmental artery (24,25). It is 
based on the premise that the segmental bronchus is 
accompanied by the pulmonary artery. As the running 
vessels do not match in some cases, it is necessary to read 
CT images in detail to identify the pulmonary artery to 
ultimately be treated. A method of injecting dyes into the 
bronchus has also been reported (26). While this direct 
method is promising, it requires an additional procedure 
of injecting materials via bronchoscopy. Although both 

Figure 4 Inflation-deflation line created by slip knot method.
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methods require special instruments and procedures, we 
anticipate that there will be further reports describing 
their general use in the future. 

Future simulation: virtual to real

Computer technology is rapidly advancing. We are now 
able to visualize the surfaces of pulmonary blood vessels, 
output the dendritic structure as an STL file, and create 
a 3-dimensional solid model using a 3D printer. After 
sterilization, this device can be hand held and observed 
during surgery (Figure 5). As 3D printer equipment and 
consumable supplies are expensive, there is an issue of cost 
in creating the model. While it still cannot be regarded as 
an item for actual use as compared with virtual technology, 
there is potential for this approach to become a useful tool if 
the manufacturing cost can be brought down in the future. 
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