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Introduction

With the popularization of low-dose computed tomography
(LDCT) applied to lung cancer screening, more and more
patients with ground glass opacity (GGO) have been
detected.1,2 Segmentectomy is accepted as one of the standard
surgical procedures for small pulmonary nodules and GGOs,3

as its safety and oncological outcomes have been proved by
several studies.4–8 It is well known that identification of the
intersegmental plane is a key step in segmentectomy. Inaccu-
rate recognition of the intersegmental plane may lead to
dysfunction of the remaining lung tissue, mismatching of
ventilationorbloodflow,or long-termair leakageaftersurgery,

which even requires unplanned secondary surgery.9 On the
other hand, dissection of the intersegmental plane in segmen-
tectomy isalsochallenging for thoracic surgeonsbecauseof the
complicated anatomy and anatomical variations, along with
the unclear boundary between pulmonary segments. This
reviewwill discuss the present state ofmethods for developing
the intersegmental plane, focusing on their current application
and comparison.

Identification of Intersegmental Plane
In our opinion, an ideal method of identifying the interseg-
mental plane should have the following characteristics:
accurate, efficient, convenient, and repeatable. Theoretically,
the intersegmental plane can be defined from lung surface
and lung parenchyma (intersegmental veins). Manymethods
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Abstract In recent years, with the popularity of computed tomography (CT) scanning, early lung
cancer has been found in a large number of patients, and segmentectomy has been
widely used in clinical practice. The development of intersegmental plane is the most
critical step in segmentectomy. At present, there are many methods to identify the
intersegmental plane. Also, dissection of the intersegmental plane has been a
challenge for thoracic surgeons for decades because of the complicated anatomic
variations. This study focuses on the safety and efficacy of relevant methods in both
identification and dissection of the intersegmental plane in segmentectomy.
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have been applied to indicate the intersegmental boundary
on lung surface, of which modified inflation–deflation,
selective segmental high-frequency ventilation, and indoc-
yanine green (ICG) fluorescence are the most widely used
methods. Also, intersegmental veins are usually distin-
guished to verify the accuracy of other methods.

Modified Inflation–Deflation Method
After double lumen tube intubation, in a state of unilateral
differential ventilation, the targeted segmentbronchus, artery,
and vein (except for intersegmental veins) are identified and
dissected by ligation or stapler device. Then the collapsed lung
is re-expanded completely with controlled airway pressure
under �20cm H2O using pure O2. In this condition,
the bronchus-dissected segment can also be inflated by the
airstream passing through the pores of Kohn. Then, the
affected side will be open to atmosphere while continuing
ventilation of the contralateral lung tissue. Ten to 20minutes
later, an irregular boundary line will occur gradually between
the inflated targeted segment and the deflated preserved
segments, which represent the intersegmental border.10

Besides its safety and accuracy, this method does not
require additional equipment. The boundary line can occur
for a relatively long time and it is suitable for all segments.
Nevertheless, there are disadvantages such as dependence
on 3D-CT, long waiting period, and interfering the vision of
the surgical field. In addition, this method is not applicable
for patients with emphysema and pleural adhesions.11

Selective Segmental High-Frequency Ventilation
In 2003 and 2007, Matsuoka et al12 and Okada et al,13 respec-
tively, proposed this technique to develop the intersegmental
plane. After isolation of the bronchus of the targeted segment,
the anesthesiologist puts a bronchofiberscopy through the
double-lumen tube into the orifice of the targeted segmental
bronchus, so that the surgeon can see the light of the broncho-
scope and lead it to the suitable position of the targeted
bronchus with high-frequency jet ventilation (40Hz, working
pressure of 2 kg/cm2) to inflate the segment. Then, the target
segment’s bronchial cord is ligated to inflate the target seg-
ment continually while the preserved segments are deflated,
which will produce an inflation–deflation line.

Thismethod can identify the intersegmental plane quickly,
and theselective target segment ventilationaffects littleon the
visual field of thoracoscopy. On the other hand, the location of
the target segment bronchus is complicated, which also
requires the cooperation of an experienced anesthesiologist.
Moreover, the diameter of bronchofiberscopy should be
adjusted according to the different diameter of segmental
bronchus or subsegmental bronchus. These adverse factors
limit its accessibility.

Indocyanine Green Fluorescence
In 2009, Misaki et al14 first reported the application of ICG in
the recognitionof intersegmental plane. After the correspond-
ing pulmonary artery of the target segment has been ligated,
ICG is administered intravenously during infrared thoraco-
scopy (IRT). This is called negative staining. The IRT emits 805

and 940nm infrared light, and the preserved lung tissue
containing ICG absorbs 805-nm light, reflecting 940-nm light,
which turns blue under IRT. Meanwhile, the target segment
does not contain ICG and shows white, identifying the inter-
segmental plane.

This method is fast and accurate, and can be applied to
patients with emphysema as well as avoiding the interference
in thevisualfield causedby theexpanded lung.However, there
are disadvantages such as the risk of ICG allergy, the need for
additional equipment, and the short duration of dyeing.
Specifically, some studies have shown that ICG cannot be
used in patientswith poor liver function, ICG allergy, or iodine
allergy.11 And ICG exists in the pulmonary circulation for a
short timeandjustmarks theboundaryon thesurface.When it
comes to complex segment resection that requires a large
amount or repeated use of ICG, multiple use of ICG may lead
the ICG to enter the target lung tissue through the bronchial
circulation, and also increase the risk. What’s more, IRT or Da
Vinci Si/Xi system costs a lot.

Another way is positive staining. This method identifies
intersegmental plane of the lung with infrared fluorescence
imaging after transbronchial injection of ICG,15,16 which is
more convenient for joint or subsegmentectomy. The disad-
vantage is the difficulty of the identification of bronchus, and
there is possibility of contrast agent reflux causing confusion.

In addition, the study of Mehta et al17 indicated that the
application of ICG may allow for extended oncological mar-
gins on the resected specimen in segmentectomy.

Dissection of the Intersegmental Plane
The main objective of this step is to obtain sufficient
margin,18,19 preserve lung function, and reduce complication
incidence. Currently, there are two main approaches to
dissecting intersegmental planes: using stapling devices20–22

or energy instruments.13,23–25

Stapling Devices
This is the most common way to dissect the intersegmental
plane in clinical practice. After properly dividing the relevant
vessels and bronchus, and recognizing the intersegmental
plane, the target segment would be dissected along the
determined boundary with stapling devices.

In 2019, Ojanguren et al20 analyzed 175 patients who
received dissection of the intersegmental plane by stapling
devices. The overall postoperative complication rate was 17%,
the serious complication rate was 0.6%, the average length of
postoperative chest drainage was 3 days, and the average
length of hospital stay was 5.7 days. The chest radiography
at the time of discharge and 1 month after surgery indicated
that the incidence of incomplete lung re-expansion was 7.4
and 2.8%, respectively. Among them, patients who underwent
upper lobe segmentectomyhad significantlymore incomplete
re-expansion. Therefore, the author believes that the stapling
device has little effect on lung re-expansion. Endoh et al21

reported 20 cases of dorsal (S10) and lateral dorsal segments
(S9þ10), all of which used stapling devices to dissect the
intersegmental plane. Only one patient among them had
atelectasis. Hence, judging from the results above, the
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incidence of postoperative atelectasis or incomplete lung
re-expansion will not increase when stapling device is used
to dissect the intersegmental plane.

There are also reports on the perioperative safety of using
stapling devices to divide intersegmental plane. In 2012,
Pardolesi et al22 reported 17 cases of robot-assisted lung
resection, all of which used stapling devices to dissect the
intersegmental plane. The average operation time was
189minutes, and no serious complications occurred during
theoperation. Thepostoperative complications ratewas17.6%,
including one case of pneumonia and two cases of air leakage.
The length of median hospital stay after surgery was 5 days.
Zhao et al26 also used stapling devices to deal with the
intersegmental plane. In their study of comparing the safety
and efficacy between segmentectomy and lobectomy, the
results showed that in the perioperative outcomes such as
intraoperative blood loss, operation time, chest drainage time,
length of hospital stay, postoperative complications, etc.,
segmentectomy with stapling devices to separate the inter-
segmental plane had no difference with lobectomy.

Energy Instruments
The energy instruments used in segmentectomy to separate
the intersegmental plane include electrocautery, ultrasonic
scalpel, LigaSure, etc. Due to the flexibility of the energy
instruments, the area of resection is determined by the
surgeon to a greater degree, which ensures the reliability
of the resection margin, especially in the treatment of
tumors close to the intersegmental plane. Several studies
have confirmed its feasibility and safety.

In 2009, Oizumi et al23 reported 28 cases of total thoraco-
scopicpulmonarysegmentectomy, inwhichelectrocauterywas
used to separate the intersegmental plane. The median opera-
tion timewas216minutes, and thedurationchestdrainagewas
1 to 7 days (median duration: 1 day). One patient developed
subcutaneous emphysema that spontaneously recovered. No
mortality was observed for 30 days after the surgery. Okada
et al13 used selective segmental high-frequency ventilation to
determine the intersegmental plane, and then separated itwith
electrocautery. A total of 52 consecutive cases were included in
thestudy. Themedian operation timewas 155minutes, and the
median blood loss volume was 60mL. The postoperative com-
plication rate was 13.5%. The most common complication was
air leakage, with amedian air leakage time of 1 day. Thus, these
two studies demonstrated the feasibility and safety of the
electrocautery to dissect the intersegmental plane.

In 2010, Takagi et al24 reported 28 cases of segmentectomy
using energy instruments to dissect the intersegmental plane.
Seventeen cases used electrocautery and 11 cases used
ultrasonic scalpel. There were no serious complications after
the operation, but eight cases (three cases in electrocautery
group and five cases in ultrasonic scalpel group) developed
pulmonary fistula within 1 to 3 months after surgery, and the
histologicalfindingsof the cuttingsurface showed thatmostof
the layer of coagulation necrosis by the ultrasonic scalpel was
2-mm thick and it was denser than that of electrocautery.
Therefore, the author believed that the small bronchial stump
could not tolerate the airway pressure because the thick

coagulation necrosis delayed healing of the postoperative
wound. It was necessary to ligate the stumpof small bronchus,
even though the stump had been temporally closed by coagu-
lation necrosis with the electrocautery or ultrasonic scalpel
during the operation.

LigaSure has been widely used clinically in recent years. In
2016, Kuroda et al25 compared 12 patients who accepted the
LigaSure technique for dissection of intersegmental plane
during thoracoscopic anatomical segmentectomy with 38
patients who used the stapling devices. The mean durations
for dissection of the intersegmental plane in the two groups
were 22.8 and 16.2minutes. In the LigaSure group, 3 cases had
earlymild air leakage, and 1 case had delayedmild air leakage,
whereas in the staplingdevice group, 1 casehad postoperative
prolonged air leakage, 1 case had early mild air leakage, and 1
case had delayed mild air leakage. The authors believed that
LigaSure has no disadvantages compared with stapling
devices, but considering the difference in the sample size,
the LigaSure group might have a tendency to increase the
incidence of postoperative air leakage.

Comparison between Stapling Devices and Energy
Instruments
Due to its relativelyweakclosure effect on the residual surface,
it is theoretically speculated that the energy instrument may
increase the incidence of postoperative air leakage and other
complications, but it can reduce the cost of medical materials.
However, there are few prospective studies comparing the
advantages and disadvantages of these two methods. In 2020,
our center reported a randomized controlled trial to compare
the perioperative outcomes of dissecting the intersegmental
planeby stapling devices and energy instruments.27 The study
showed the incidence of postoperative complications (e.g., air
leakage) was higher in the electrocautery group than in the
stapler device group (11/32 [34.4%] vs. 2/33 [6.1%], p¼0.004).
There were no differences in duration of operation, blood loss
during operation, first-day drainage volume, duration of
drainage, postoperative hospital stays, loss of lung function,
or total medical cost, although the per patient cost of medical
materials was higher in the stapler device group (US$
4214.6�1185.4 vs. US$ 3260.1�852.6, p<0.001). Therefore,
we believed that among patients undergoing segmentectomy,
the use of stapling devices to divide intersegmental planes
decreased postoperative complications without further
compromising lung function or increasing economic burden.

Other studies focusing on this point are mostly retrospec-
tive design, and the sample sizes are limited, so no clear
conclusion has been reached. In 2011, Miyasaka et al28

reviewed 49 cases of segmentectomy; 18 cases used stapling
devices and 31 cases used electrocautery to separate the
intersegmental plane. The study did not find significant differ-
ences in perioperative outcomes between the two groups.
Multivariate analysis showed that postoperative complica-
tions were only related to the position of target segment
and the intraoperative blood loss volume but had nothing to
do with the method of dissecting the intersegmental plane.
Ohtsuka et al29 reviewed47 cases of segmentectomy, of which
22casesusedanelectrocautery to separate the intersegmental
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plane and 25 cases used electrocautery combined with sta-
pling devices. The study showed that there was no statistical
difference between electrocautery alone and in combination
with staplingdevices in theduration of surgery, intraoperative
blood loss, duration of chest drainage, postoperative hospital
stays, postoperative loss of FEV1, loss of FVC, or incidence of
postoperative complications.However, incidenceofprolonged
air leak was higher in the electrocautery-alone group (14%
[3/22] vs. 4% [1/25], p¼0.025)]. Similarly, Tao et al30 also
reported that stapling devices did not lead to less preserved
volumeor function than electrocautery in thedissectionof the
intersegmental plane.

Conclusion

Pulmonary anatomical segmentectomy is now accepted by
more and more medical centers and thoracic surgeons. As
the key step of segmentectomy, the development of inter-
segmental plane is attracting growing attention. In our
opinion, all the above-mentioned methods for identifying
the intersegmental plane have their advantages and disad-
vantages. The choice of the method mainly depends on the
surgeon’s preference, clinical characteristics of the patient,
and other objective conditions. On the other hand, according
to our prospective study, combined with the findings of
several existing retrospective studies, we recommend the
use of stapling devices as a better method for dissection of
the intersegmental plane.
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