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Introduction

In recent years, pulmonary segmentectomy has been widely 
performed for small-sized pulmonary nodules (1). However, 
segmentectomy has some technical difficulties compared 
to that of lobectomy because the precise anatomical 
identification of pulmonary vessels and bronchi is required. 
For example, video-assisted thoracoscopic surgery (VATS) 
segmentectomy is more technically difficult to perform than 
an open thoracotomy. Furthermore, although techniques 
of subsegmentectomy in general are more complex, reports 
of VATS subsegmentectomy have been published more 
frequently due to an increase in the detection of smaller 
pulmonary nodules using developed computed tomography 
(CT) (2-4). In this article, we aimed to describe the 
techniques and roles of VATS subsegmentectomy.

The indication of VATS subsegmentectomy

The indication of limited lung resection for pulmonary 
nodules has still been unclear in recent years though limited 
resection for small-sized lung cancer with ground glass 
opacities (GGO) has been permissible. Asamura et al. stated 
that tumors <2 cm in diameter with a ratio of >75% GGO on 
radiography were pathologically noninvasive (5). Nakata et al. 
indicated that patients with tumors with GGO ratios >50%  
should be considered candidates for limited resection, 
although those with a GGO ratio of 50% exhibited vessel 
infiltration and experienced local recurrence after wedge 
resection (6). Limited resections include wedge resection, 
segmentectomy, and subsegmentectomy. Although the 
procedure of segmentectomy is generally thought to be 
more complex than a wedge resection, segmentectomy is a 
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more anatomically detailed resection that can involve the 
dissection of hilar lymph nodes attached to the segment 
containing the tumor. Moreover, the oncological outcomes 
of segmentectomy in a propensity-matched study were 
comparable to those of lobectomy for patients with early-
stage non-small cell lung cancer (6). Segmentectomy has 
thus become widely used worldwide (1). While wedge 
resection has been applied to smaller lung nodules located 
in peripheral parenchyma, segmentectomy has been applied 
to small-sized lung nodules that show not only GGOs, 
but also solid appearances located in deep parenchyma. 
Recent developed CT enabled the detection of small-sized 
pulmonary nodules containing GGO component. For such 
smaller pulmonary nodules, especially located in the deep 
parenchyma, subsegmentectomy may be an alternative 
procedure; this is because it is difficult to perform a wedge 
resection for hilum nodules located in the deep parenchyma 
and segmentectomy may be an excessive resection for 
appropriate surgical margins.

The role of subsegmentectomy is therefore considered 
as an intermediate procedure between wedge resection and 
segmentectomy. Consequently, we have concluded that 
the best indications for subsegmentectomy are as follows: 
(I) lung tumors of indeterminate nature, but considered 
suspicious for malignancy; (II) planned resection of a 
cT1aN0M0 primary lung cancer tumor less than 2 cm in 
diameter, with a GGO ratio of greater than 80% by high-
resolution CT, in patients with good pulmonary function 
who are able to tolerate lobectomy (Figure 1A,B,C);  
(III) compromised resection in patients who are considered 
to be poor candidates for lobectomy due to limited 
cardiopulmonary reserve or other organ failure; (IV) the 

presence of metastases; and (V) a pathological diagnosis 
of benign tumors. Basically, we recommend indicating 
subsegmentectomy in cases for which wedge resection will 
be inappropriate due to the tumor size or its location deep 
in the parenchyma. 

Technical aspects of VATS subsegmentectomy

An important process of segmentectomy is the identification 
of the intersegmental line. In previous papers, some 
methods of identifying the intersegmental line were 
reported. The conventional method involves creating 
an inflation-deflation line, a process which entails some 
troublesome issues. Okada and colleagues visualized the 
intersegmental line by selectively inflating the segment 
using a jet ventilator and reported this approach to be 
effective in securing an operative field (7). Expansion of 
the affected segment allows visualization of intersegmental 
borders while maintaining 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. Therefore, since jet 
ventilation is deemed useful as an inflation method for the 
affected segment, it is becoming increasingly viewed as an 
advantageous method in Japan, worthy of standard use. 
However, this method requires equipment and another 
clinician to maneuver the bronchoscope. Because of these 
difficulties, various modifications have been reported. 
Direct air inflation and the injection of methylene blue or 
indocyanine green stain into the bronchus using a puncture 
needle inserted from the operative field were reported 
to be useful (8-11). However, great care is essential as 

Figure 1 (A, B, and C) A typical case of early-stage lung cancer showing a small-sized lung nodule on the right upper lobe, apical anterior 
subsegment (A: horizontal plane; B: sagittal plane; C: coronal plane).
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this approach can reportedly cause air embolism (12). 
In subsegmentectomy, it is necessary for the surgeon to 
perform the more selective injection of air or dye into the 
subsegmental bronchus because the subsegmental bronchus 
is thinner than the segmental bronchus. Therefore, since it 
is difficult to create the intersubsegmental line, we initially 
applied the slip-knot method for VATS subsegmentectomy 
in 2010 (13). The slip-knot method does not require any 
special devices, such as jet ventilation, puncture needles, or 
injection of a dye solution into the targeted subsegmental 
bronchus, and it does not demand any other techniques, 
such as bronchoscopy or puncture needle. The essential 
device used in this method is simply a slip-knot made from 
a monofilament suture, and the essential technique involves 

pulling the slip-knot made outside the thoracic cavity after 
bilateral lung ventilation. Therefore, we consider our 
method is simpler, easier, and less expensive than any other 
conventional methods.

Another essential tool in VATS subsegmentectomy is 
three-dimensional CT (3-D CT) simulation (Figure 2).  
3-D CT simulation provides useful information for 
thoracoscopic surgery (15,16). We previously reported on 
port-access thoracoscopic anatomic lung segmentectomy 
and subsegmentectomy using 3-D CT simulation for 
small lung nodules (17,18). The use of traditional CT is 
rapidly being replaced by multi-detector CT to facilitate 
visualization of the anatomy on the basis of 3-D imaging. 
Therefore, there are some published papers that report 
the use of 3-D CT to view pulmonary vasculature and 
parenchymal reconstruction preoperatively (17-20). Precise 
identification and division of the appropriate subsegmental 
veins is required for VATS subsegmentectomy. 3-D CT 
simulation can facilitate the accurate identification of 
these veins both preoperatively and intraoperatively. 
The identification of intersubsegmental veins and 
intrasubsegmental arteries and veins by 3-D CT simulation 
allows surgeons to remove the targeted subsegments.

Thus, using the slip-knot method and 3-D CT simulation, 
it is possible to perform VATS subsegmentectomy for small-
sized lung tumors (Figure 3).

Roles of VATS subsegmentectomy

Subsegmentectomy is considered to be an anatomical 
resection compared to wedge resection, and a smaller 
volume resection than segmentectomy. There have been 
few reports about the role of subsegmentectomy. Nakamoto 
and colleagues described that subsegmentectomy reduces 
the loss of pulmonary tissue volume and is therefore 
considered to be more appropriate for smaller nodules (22). 
Furthermore, securing surgical margins is a very important 
factor in curative resection. Anatomical segmentectomy 
has been reported to be superior to wedge resection 
for securing adequate surgical margins (23). We have 
sometimes detected smaller lung nodules located near the 
intersegmental line in the hilum. In these limited resections, 
it is important to obtain sufficient surgical margins in 
order to secure a malignant tumor (24). However, wedge 
resection or uni-segmentectomy is sometimes insufficient 
to obtain surgical margins in the case of small-sized tumors 
located in the pulmonary hilum and near the intersegmental 
line. In such cases, an extended subsegmentectomy 

Figure 3 VATS subsegmentectomy of the left lower lobe, superior 
posterior subsegment using the slip-knot method and 3-D CT 
simulation (21).
Available online: http://www.asvide.com/articles/1626

Figure 2 3-D CT simulation (3-D CT angiography) for VATS 
subsegmentectomy of the left lower lobe, superior posterior 
subsegment (14).
Available online: http://www.asvide.com/articles/1625
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(bi- and tri-subsegmentectomy) or a segmentectomy 
combined with adjacent subsegmentectomy are preferred 
to wedge resection or uni-segmentectomy. Therefore, 
subsegmentectomy has been increasingly applied based on 
our technique of segmentectomy under 3-D CT simulation 
that we previously reported (17,18).

On the other hand, with the recently developed thin-
section CT, we also have been able to encounter cases that 
involve smaller lung nodules located in slightly deeper 
parenchyma. In such cases, where tumors were usually non-
visible and non-palpable, preoperative tumor marking is 
needed to detect the tumor location intraoperatively because 
intraoperative tumor detection is very difficult. Because 
of its associated challenges, the methods of intraoperative 
tumor detection have therefore been increasingly discussed 
in recent years. Although lobectomy or segmentectomy 
may completely resect such smaller nodules without any 
tumor markings because it is apparent in preoperative CT 
that the targeted small-sized lung nodules are contained 
in lobes or segments planned resections, it is assumed that 
these resections sometimes may lose more pulmonary 
volume than wedge resection and may be an excessive 
resection for small-sized pulmonary nodules. The number 
of resected subsegments in subsegmentectomy is smaller 
than in lobectomy or segmentectomy. Furthermore, it is 
assumed that wedge resection may be insufficient to secure 
surgical margins in small-sized tumors located in the 
deep parenchyma. Therefore, subsegmentectomy might 
preserve pulmonary function compared to lobectomy 
or segmentectomy, secure the sufficient surgical margin 
compared to wedge resection, and become an appropriate 
procedure for such tumors, thus demanding performance 
under the umbrella of thoracoscopic surgery in the future.

Our current original data and future prospects 
for VATS subsegmentectomy

In  order  to  eva luate  technica l  a spect s  o f  VATS 
subsegmentectomy, we reviewed clinical data from a 
consecutive series of 94 patients who underwent VATS 
subsegmentectomy and segmentectomy combined with 
adjacent subsegmentectomy between November 2006 and 
December 2016. Among the 94 patients, 52 underwent 
subsegmentectomy and 42 underwent subsegmentectomy 
combined with adjacent subsegmentectomy. Prior to 2010,  
the conventional method was used for creating the 
intersubsegmental plane during thoracoscopic surgery in 
16 patients. From August 2010 onward, we applied the 

slip-knot method for creating an intersubsegmental plane 
during thoracoscopic subsegmentectomy. The slip-knot 
method was attempted in 66 patients. In an additional 
10 patients treated from August 2010 and onward, we 
used conventional methods. Pulmonary subsegments 
and segments combined with adjacent subsegments from 
various locations were completely resected. The ratio of the 
accurate creation of an intersubsegmental line was 84.8%. 
Surgical time and bleeding volume were both reduced 
significantly after the introduction of this method.

Furthermore, we assessed the accurate resection rate of 
tumors deemed undetectable during VATS subsegmentectomy. 
Thirty-five patients were enrolled with non-palpable lung 
nodules, on whom VATS subsegmentectomy without 
any preoperative tumor markings was performed, and 
the impact of the 3-D CT simulation in the accurate 
resection was analyzed. Among 35 patients, 34 patients had 
tumors contained within the thoracoscopically resected 
subsegments (accurate resection rate of 97.1%). It was 
impossible to recognize the targeted tumor in the resected 
segment in only one patient, due to technical challenges 
associated with anomalies of the pulmonary vessels and 
bronchi, and due to the insufficient collapse of the lung 
associated with emphysema. We continued to perform the 
segmentectomy on the patient so the targeted tumor could 
finally be resected. None of the patients with lung cancer 
had metastasis of the hilar lymph nodes. Seven patients 
underwent an additional resection in which a stapler was 
used to secure an adequate margin because the original 
surgical margin was smaller than the size of the tumor (<2 cm).

Future prospect of instruments in VATS 
subsegmentectomy

Working space is limited during VATS. Moreover, the 
recent performance of VATS has trended toward reduced-
ports surgery. Therefore, some instruments and devices 
have crucial roles for the successful completion of VATS. 
As new models of VATS devices develop, it is expected 
that new devices will be applied to subsegmentectomy 
because the subsegmental vessels and bronchi are very 
thin and a conventional stapler is too large for use in 
subsegmentectomy. A recent paper described the usefulness 
of energy devices or an endostapler (25-27). In particular, 
one new device called the MicroCutter has a narrower 
shaft than that of other conventional endostaplers and a  
5 mm stapler. It is lighter, and is designed to function with 
more angulation, which allows surgery through a smaller 
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incision with a larger degree of freedom. Such new devices 
will be useful, and the improvement of these devices will 
increase the demand for the performance of thoracoscopic 
anatomical resection of smaller nodules in the future.

In conclusion, VATS subsegmentectomy can be safely 
and accurately performed for small-sized lung tumors using 
the slip-knot method and 3-D CT simulation.
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