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Single-direction thoracoscopic basal segmentectomy
Chengwu Liu, MD, Hu Liao, MD, Chenglin Guo, MD, Qiang Pu, MD, Jiandong Mei, MD, and
Lunxu Liu, MD, PhD
ABSTRACT

Objective: Thoracoscopic anatomic single or combined basal segmentectomy is
technically challenging because of the variation and deep location of vessels and
bronchi in the parenchyma. This study aimed to describe thoracoscopic
segmentectomy of basal segments using a single-direction method.

Methods: This retrospective study included 137 patients who underwent single or
combined thoracoscopic basal segmentectomy between April 2015 and August
2019. All procedures were performed via the preferred inferior pulmonary ligament
approach or an interlobar fissure approach following a single-direction strategy.

Results: Ninety patients underwent single basal segmentectomy, and 47 patients
underwent combined basal segmentectomy.Median operative timewas 125minutes
(range, 52-237 minutes), and median blood loss was 30 mL (range, 5-250 mL).
Median chest tube duration was 2 days (range, 1-22 days), and median postoperative
hospital stay was 4 days (range, 2-24 days). The postoperative morbidity rate was
5.1% (7/137). No perioperative deaths were identified. Pathological examination
revealed 133 cases of lung cancer, 2 cases of metastasis, and 2 cases of benign
tumors. No recurrence or mortality was observed during the median follow-up
period of 15 months (range, 1-53 months).

Conclusions: The single-direction method for thoracoscopic single or combined
basal segmentectomy was feasible and safe in our experience. This method exposes
the targeted vessels and bronchi from superficial to deep in order of their
appearance and enables anatomic resection of a single segment or combined basal
segments to be performed in a simple manner while avoiding dissection of a
hypoplastic fissure or inessential splitting of the lung parenchyma. (J Thorac Cardi-
ovasc Surg 2020;160:1586-94)
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The single-direction method for a thoracoscopic
anatomic left S10 segmentectomy.
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CENTRAL MESSAGE

The single-direction method
enables thoracoscopic single or
combined basal segmentectomy
to be performed in a simple
manner.
PERSPECTIVE
Thoracoscopic single or combined basal
segmentectomy is technically challenging. The
single-direction method exposes the targeted
components from superficial to deep in order
of their appearance and allows the performance
of a single or combined basal segmentectomy
in a simple manner while avoiding dissection of
a hypoplastic fissure or inessential splitting of
the lung parenchyma.

See Commentaries on pages 1595 and 1596.
ly for nonsolid tumors with ground-glass
Low-dose computed tomography (CT) screening has been re-
ported to reduce mortality from lung cancer.1 Since then, CT
has been widely used for lung cancer screening, enabling the
detection of an increasing number of small-sized lung
cancers. Although lobectomy is still the standard treatment
for early-stage lung cancer, anatomic segmentectomy is
indicated more frequently with comparable long-term
outcomes, especial
opacity (GGO).2-6 It is also realistic to expect that ongoing
prospective, randomized studies (CALGB-140503 and
JCOG-0802) will provide a specific conclusion for the optimal
treatment.7,8

Anatomic segmentectomy is a more complex procedure
than lobectomy, and it is challenging and technique
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Abbreviations and Acronyms
CT ¼ computed tomography
GGO ¼ ground-glass opacity
HRCT ¼ high-resolution computed tomography
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demanding, especially when performed under total
thoracoscopic visualization. The main reason for its chal-
lenges lies in the difficulty of dissecting the
frequently variable segmental structures (veins, arteries,
and bronchi) and identifying the accurate intersegmental
planes.9 Single or combined basal segmentectomies
(7-10) are more technically challenging than other types
of segmentectomies because of the deeper intraparenchy-
mal localization of the hilar structures, more frequent
variations, and more complex neighboring relationships of
the intersegmental planes. Consequently, the published
reports on complete thoracoscopic single or combined
basal segmentectomies are limited by their small sample
sizes.10-14 Conventionally, the surgical approaches
for basal segments have been designed from the
interlobar fissure, posterior approach, or bidirectional
approaches.11,12,14 Surgeons need to split the pulmonary
parenchyma or dissect a hypoplastic interlobar fissure. In
addition, these methods are not carried out with single S9
segmentectomy or S8 segmentectomy with hypoplastic
fissures. We developed the concept of single direction for
thoracoscopic lobectomy15 and applied it to thoracoscopic
basal segmentectomy through an inferior pulmonary
ligament approach.16 In addition, we developed the method
of ‘‘stem-branch’’ for tracking the target segmental
structures.17

The objective of this study was to report our experience in
thoracoscopic anatomic single or combined segmentectomy
using the single-direction method and to determine the
feasibility of this method on the basis of the largest case
series performed until now.
PATIENTS AND METHODS
Patients

Between April 2015 and August 2019, a total of 137 patients underwent

thoracoscopic single or combined basal segmentectomy following the single-

direction strategy inour department. Patients’datawereprospectively collected

and retrospectively reviewed. Written informed consent was obtained from

each patient before surgery. The protocol of this study was approved by the

institutional review board of West China Hospital (NO. 2019-909).
The Journal of Thoracic and Car
Selection Criteria
The specific candidates are as follows: patients with a 2 cm or less GGO

dominant (GGO �50%) peripheral pulmonary nodule that might be lung

cancer, patients with a pulmonary metastasis, or patients with an

indeterminate lung lesion that might be benign. Patients who are not

suitable for lobectomy due to compromised cardiopulmonary function

are also appropriate candidates for this parenchyma-sparing procedure. It

should be noted that only patients with lesions 1 cm or less, GGO 75%

or greater, and 2 cm or less away from the visceral pleura were chosen

as potential candidates for intentional wedge resection in our center.

However, segmentectomy was also a preferred procedure for such cases.

The surgical margin was designed to be no less than 2 cm or larger than

the maximum diameter of the tumor. In cases with the lesion located too

close to the intersegmental border, a combined segmentectomy was

performed. The specimen was examined immediately after resection. If

the surgical margin was insufficient, an additional wedge resection was

performed. In cases of pulmonary adenocarcinoma, the new proposed

histologic classification system18 and the eighth edition of the TNM staging

system19 were adopted for histologic typing and surgical-pathologic

staging, respectively.

OPERATIVE PROCEDURE
Preoperative Planning
Preoperative evaluation included regular blood tests,

cardiopulmonary function tests, and imaging studies of
the brain, upper abdomen, and the bone. Contrast-
enhanced high-resolution CT (HRCT) scans were routinely
performed and carefully reviewed. The anatomic variations
and positional relationships of the basal segmental
vessels and bronchi were analyzed (Figure 1, A and B,
and Video 1). The location and radiologic features of the
target nodules were identified. Furthermore, data on the
anatomic relationship between the nodules and the
neighboring structures were collected to design an
appropriate surgical excision. Sometimes, in cases where
the nodules were 7 mm or less, preoperative CT-guided
hook-wires were used for localization.

Surgical Techniques
The patient was administered with general anesthesia and

differential ventilation. The position and port strategy are
shown in Figure 2. Digital palpation was often used to
localize the target tumor, and marking directly on the
surface of the visceral pleura was performed using
sutures.20,21 All procedures were performed proceeding in
a single-direction strategy through an interlobar fissure
approach or an inferior pulmonary ligament approach.
The inferior pulmonary ligament approach was preferred
with no need to consider whether the interlobar fissures
were complete or not. However, in cases of complete
interlobar fissures, segmentectomies for S7, S8, or both
could also be performed in a single-direction manner via
an interlobar fissure approach.
As we have already described the detailed procedures of

S917 and S9þ1016 in previous reports, we used a left S10
segmentectomy as an example to depict the detailed
techniques in this study (Video 2). The surgery was initiated
diovascular Surgery c Volume 160, Number 6 1587



FIGURE 1. Identifying the target segmental vessels and bronchi and their positional relationships with other basal segmental structures (a left S10

segmentectomy as an example). A, The 3 branches of the common basal bronchus (B8, B9, and B10) arise at almost the same horizontal level. The

most posterior branch is B10. A10 running along B10. B, V10 running alone while V8 and V9 converge in this section. B8. Bronchus of the anterior basal

segment. B9. Bronchus of the lateral basal segment. B10. Bronchus of the dorsal basal segment. A10. Artery of the dorsal basal segment. V8þ9. Veins of the

anterior and lateral basal segments. V10. Vein of the dorsal basal segment.
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 by incising the inferior pulmonary ligament with retraction

of the lower lobe toward the cranial side. The inferior pul-
monary vein and its branches were first dissected. The
drainage vein of S6 was identified first; then, dissection
and identification of the common basal vein and its
branches were carried out by referring to the preoperative
imaging study (Figure 3, A). The drainage vein, which
entered the target segment directly and with the highest
tension when retracting the target segment, was divided
while preserving the intersegmental veins. From an inferior
view, the lower lobe bronchus was located just behind the
inferior pulmonary vein. The stem and branches of the
common basal segmental bronchus were usually dissected
VIDEO 1. Analyzing the anatomic variations and positional relationships

of the basal segmental vessels and bronchi by carefully reviewing the

HRCT images (a left S10 segmentectomy as an example). B8. Bronchus

of the anterior basal segment. B9. Bronchus of the lateral basal segment.

B10. Bronchus of the dorsal basal segment. A10. Artery of the dorsal basal

segment. V8þ9. Veins of the anterior and lateral basal segments. V10. Vein

of the dorsal basal segment. Video available at: https://www.jtcvs.org/

article/S0022-5223(20)30249-X/fulltext.
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from proximal to distal along the stem. At the same time,
peribronchial lymph nodes were retrieved. The target
segmental bronchus was tracked and identified using the
‘‘stem-branch’’ method (Figure 3, B). During this process,
the stem was first identified. Then, the bifurcations of its
branches were dissected and identified by tracking along
the stem from proximal to distal. Finally, the target
bronchus was identified by referring to the anatomic
features already known from the preoperative HRCT. The
target bronchus was clamped and further confirmed via
inflation of the lung on the operating side. After dividing
the target segmental bronchus, the target segmental feeding
artery always came directly into sight because it was
always running along the bronchus (Figure 3, C). After
dividing the artery, the last step was the management of
the intersegmental planes. The intersegmental pulmonary
parenchyma was further dissected along the intersegmental
veins using energy devices. The method of inflation-
deflation was used to show the intersegmental demarcation
line. Then, the intersegmental planes were tailored using a
stapler in a step-by-step fashion (Figure 3, D). Finally, a
single-direction S10 segmentectomy was completed
(Figure 4). During the interlobar fissure approach, the
target artery, bronchus, vein, and intersegmental planes
were managed sequentially upon their appearance in a
single-direction manner.

The surgical margin was checked immediately. Both the
tumor and station 13 lymph nodes were sent for
intraoperative frozen-section pathological examinations.
Hilar and mediastinal lymph node dissection was
performed if primary pulmonary malignancy was
confirmed. Lobe-specific mediastinal lymph node dissec-
tion (stations 7, 8, and 9) was sometimes performed for
cases of GGO-dominant nodules. One chest tubewas placed
through the thoracoscope port. The incisions were closed
gery c December 2020
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FIGURE 2. The position of the patient and port strategy used for

thoracoscopic single or combined basal segmentectomy (left side). The

patient was placed in the lateral decubitus position. The observation port

(1 cm) in the seventh intercostal space (ICS) at the midaxillary line; the

main utility incision (3 cm) in the fourth ICS at the anterior axillary line;

the assistant incision (2 cm) in the ninth ICS between the posterior axillary

line; and the subscapular line.

VIDEO 2. A single-direction video-assisted thoracic surgery left S10

segmentectomy through an inferior pulmonary approach. A 33-year-old

man with no comorbidities was diagnosed with 3 GGO nodules located

in the right upper lobe (8 mm), left upper lobe (6 mm), and left lower

lobe (6 mm). He underwent right upper lobe wedge resection and lymph

node sampling 6 months before this operation with a final pathological

diagnosis of minimally invasive adenocarcinoma with no lymph node

metastasis. Because the nodule in the left lower lobe was deeply located

(Video 1), wedge resection seemed not to be appropriate. Wedge resection

was performed first for the left upper nodule. Then, S10 segmentectomy

was initiated with dissection of the inferior pulmonary ligament and the

inferior pulmonary vein and its branches, with the lower lobe retracted

toward the cranial side. V6 was first isolated, and then the common basal

segmental vein could be confirmed. Along with the stem of the common

basal vein, the branches were tracked and V10 was identified easily

according to the preoperative CT scan. Thereafter, the common basal

bronchus and its branches were exposed and dissected. The most important

Liu et al Thoracic: Lung Cancer
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after careful examination for active bleeding and massive
air leakage.

The chest tube was removed if there was no air leakage, it
was well inflated lung on chest x-ray, and therewas less than
300 mL of drainage during the last 24 hours. Patients were
discharged home with no main complications. The last
follow-up was in September 2019.
step of this procedure was to track along the stem and find the bifurcations

of the 3 branches. B10 could be easily identified because we already knew

the anatomic features of these branches. As shown in Figure 1, A, they

arouse at almost the same level, and the most posterior branch was B10.

After dividing the bronchus, A10 was easy to find and was divided without

concern because we knew that A10 was located just behind B10 and that
Statistical Analysis
The data were analyzed using SPSS, version 22.0 (SPSS

Inc, Chicago, Ill).
there was no variation. The nodule was slightly close to the intersegmental

border between S6 and S10, so we performed an intentional extended

segmentectomy to ensure a sufficient margin. A stapler-based technique

was used for demarcation of the intersegmental planes to reduce the risk

of postoperative air leakage. The key point during this process was to

start from the most peripheral and thin parts of the lung and to

continue to approach the segmental hilum and thick parts of the lung in a

step-by-step procedure. The frozen-section pathologic examination

confirmed minimally invasive adenocarcinoma and no metastasis to the

peribronchial lymph nodes. Systemic hilar and mediastinal lymph node

sampling was performed (because the procedure for lymph node sampling

is easy, it is omitted in this video). The operative timewas 130minutes. The

patient was discharged on postoperative day 4. The CT scans 3months after

the operation revealed well-inflated lungs with no obvious atelectasis at the

stapling sites. B8. Bronchus of the anterior basal segment. B9. Bronchus of

the lateral basal segment. B10. Bronchus of the dorsal basal segment. A10.

Artery of the dorsal basal segment. V8þ9. Veins of the anterior and

lateral basal segments. V10. Vein of the dorsal basal segment.

VATS, Video-assisted thoracic surgery. Video available at: https://www.

jtcvs.org/article/S0022-5223(20)30249-X/fulltext.
RESULTS
The patient characteristics are shown in Table 1. The

different types of basal segmentectomies are listed in
Table 2. Ninety patients underwent single basal segmentec-
tomy, and 47 patients underwent combined basal
segmentectomy. Thirty-three cases were performed via an
interlobar fissure approach, and the other 104 cases were
performed via an inferior ligament approach. The most
technically challenging type (single S9 segmentectomy)
was successfully performed in 12 patients. Thirty-six
patients underwent synchronous combined surgeries for
multiple lesions in other lobes; 18 patients underwent
wedge resection, 10 patients underwent segmentectomy, 4
patients underwent lobectomy, 2 patients underwent
subsegmentectomy, 1 patient underwent lobectomy and
wedge resection, and 1 patient underwent segmentectomy
and wedge resection.
The Journal of Thoracic and Cardiovascular Surgery c Volume 160, Number 6 1589
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FIGURE 3. A single-direction video-assisted thoracoscopic surgery left S10 segmentectomy through an inferior pulmonary ligament approach.

A, Dissecting the inferior pulmonary vein and all of the branches through the inferior pulmonary ligament approach. Identifying the venous branch of

S10, which is an isolated branch, according to the preoperative CT scan. Then, the branch was clamped using hem-o-locks and divided using scissors.

B, The common basal bronchus and its branches were dissected just behind the pulmonary vein. The 2 bifurcations of the common basal segmental bronchus

were identified. The 3 bronchial branches were confirmed to arise at almost the same location. B10, which is the most posterior of the 3 branches, was

identified. Then, B10 was divided using a stapler. C, A10 was dissected and identified just posterior to B10. A10 runs along B10. A10 was clamped using

hem-o-locks and divided using scissors. D, The intersegmental planes were identified using the method of inflation/deflation. The intersegmental planes

were tailored using a stapler-based technique: First, S10 was split from S8; second, S10 was split from S9; third, S10 was split from the intersection among

S6, S8, and S9; fourth, S10 was split from S6, completing the S10 segmentectomy. V8. Vein of the anterior basal segment. V9. Vein of the lateral basal

segment. V10. Vein of the dorsal basal segment. B6. Bronchus of the superior segment. B8. Bronchus of the anterior basal segment. B9. Bronchus of

the lateral basal segment. B10. Bronchus of the dorsal basal segment. A10. Artery of the dorsal basal segment. S6. Superior segment. S8. Anterior basal

segment. S9. Lateral basal segment. S10. Dorsal basal segment.
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All procedures were successfully performed under thora-
coscopic visualization, and no conversion to lobectomy
occurred. The perioperative outcomes are listed in Table 3.
Median operative time was 125 minutes (range, 52-237
minutes), and median blood loss was 30 mL (range,
5-250 mL). Median chest tube duration was 2 days (range,
1-22 days), and median postoperative hospital stay was
4 days (range, 2-24 days). The postoperative morbidity was
5.1% (7/137, including 5 patients with prolonged air leakage
>5 days and 2 patients with both prolonged air leakage
>5 days and pneumonia). All patients were discharged
with no obvious symptoms. There were no instances of
perioperative death. When compared with patients who
only underwent basal segmentectomy, the 36 patients who
underwent combined surgeries had significantly longer
operative time (151.83 � 42.29 minutes vs
1590 The Journal of Thoracic and Cardiovascular Sur
121.06 � 35.90 minutes, P < .001), longer chest tube
duration (4.94 � 4.54 days vs 2.50 � 1.16 days, P<.001),
longer postoperative hospital stay (6.50 � 4.54 days vs
4.43 � 1.98 days, P < .001), and higher postoperative
morbidity (6/30 vs 1/100, P ¼ .001), whereas the blood
loss was comparable (53.61 � 41.07 mL vs
41.09 � 41.10 mL, P ¼ .119).

Final pathologic examination revealed that radical
resections were achieved with free surgical margins in all
patients. Twenty-five cases were confirmed with
synchronous multiple primary lung cancers. Median size
of the tumor in the resected basal segment was 1.0 cm
(range, 0.5-2.7 cm). The histologic subtypes of the basal
segmental lesions were as follows: 133 cases of primary
lung cancer (132 cases of adenocarcinoma and 1 case of
squamous cell carcinoma), 2 cases of metastatic lesions,
gery c December 2020



FIGURE 4. Demonstration of the single-direction method. The

procedure was initiated via dissection of the inferior pulmonary ligament.

Then, the segmental structures were dissected and managed from

superficial to deep in order of their appearance: vein, bronchus, artery,

and intersegmental planes. The whole procedure proceeded in a single

direction. V10. Vein of the dorsal basal segment. B10. Bronchus of the

dorsal basal segment. A10. Artery of the dorsal basal segment.

TABLE 1. Patients’ characteristics

Characteristic

Total

N ¼ 137

Age (y)

Range 26-81

Median 50

Male/female 43/94

Chief symptom

No symptom 112

Dry cough 11

Cough with sputum 8

Chest pain 4

Chest distress 2

Comorbidity

Hypertension 21

Diabetes 11

Chronic hepatitis B 4

Arrhythmia 3

Coronary heart disease 2

Hyperthyroidism 1

Solar dermatitis 1

History of malignancy

Lung cancer 11

Thyroid cancer 4

Laryngeal cancer 2

Breast cancer 2

Rectal cancer 1

Adenocystic carcinoma of the maxillary sinus 1

Liu et al Thoracic: Lung Cancer
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and 2 cases of hamartoma. For patients with primary lung
cancer, systemic hilar and mediastinal lymph node
sampling was performed in 13 cases, systemic hilar and
mediastinal lymph node dissection was performed in 55
cases, and lobe-specific hilar and mediastinal lymph node
dissection was performed in 65 cases. Two patients were
identified to have lymph node involvement postoperatively
(1 case each of N1a and N2a1). Both patients refused
adjuvant therapy and received regular follow-up. The extent
of lymphadenectomy differed among patients because of
the difference in their clinical staging and the surgeons’
choice. No recurrence or mortality was observed during
the median follow-up period of 15 months (range,
1-53 months). The patient with metastatic adenocystic
carcinoma did not develop any recurrence after 37 months
of follow-up, and the patient with metastatic laryngeal
SCC was still disease-free 17 months after the operation.
Recurrence-free survival times of 7 and 24 months were
demonstrated in the 2 patients with N1a and N2a1,
respectively, until the last follow-up in September 2019.
DISCUSSION
It is widely believed that pulmonary function can be

preserved to a greater degree by combining sublobar
resection with less invasive thoracoscopic surgery.22

Reports with encouraging outcomes from sublobar
resection for the treatment of small-sized, noninvasive
or minimally invasive lung cancer have been
increasing.3,4,6,23-25 Although wedge resection is also
increasingly considered to be sufficiently effective in
The Journal of Thoracic and Car
patients with radiologically noninvasive tumors,26-28 we
considered segmentectomy as the preferred option before
the final results of the randomized clinical studies
published.7,8 During our practice, anatomic segmentectomy
is not just a conceptual procedure. When needed, a
combined segmentectomy was also performed to ensure
sufficient surgical margins according to different features
and localization of the tumor. In this study, 47 patients
underwent combined segmentectomy.
Thoracoscopic segmentectomies are broadly classified

into typical and atypical cases based on the complexity
and difficulty of the procedure.29 Typical segmentectomies
include trisegmentectomy (left S1-3), lingulectomy
(S4þ5), superior segmentectomy (S6), and basilar
segmentectomy (S7-10). These cases are not prone to
difficulties pertaining to anatomic variations or the
identification of intersegmental planes and can be easily
performed. In contrast, atypical segmentectomies include
segmentectomies of individual segments of the upper
lobe, middle lobe, or basal segments. It is especially
challenging to perform basal segmentectomies because
segmental structures are deeply located in the parenchyma,
anatomic variations are common, and the division of
additional intersegmental planes is required. As is
diovascular Surgery c Volume 160, Number 6 1591



TABLE 2. Surgical types of basal segmentectomy

Basal segmentectomy No. of cases

Right S7 1

Right S8 29

Right S9 9

Right S10 7

Right S7þ8 3

Right S8þ9 11

Right S6þ7a 1

Right S6þ8 1

Right S6þ10 2

Right S7þ10 1

Right S9þ10 7

Right S6þ7þ8 1

Right S7þ8þ9 2

Right S6þ9þ10 4

Left S8 28

Left S9 3

Left S10 13

Left S6þ8 1

Left S8þ9 2

Left S9þ10 11

TABLE 3. Perioperative outcomes

Variables

Total

N ¼ 137

Operative time (min)

Range 52-237

Median 125

Blood loss (mL)

Range 5-250

Median 30

Chest tube duration (d)

Range 1-22

Median 2

Postoperative hospital stay (d)

Range 2-24

Median 4

Postoperative complications

Prolonged air leakage (>5 d) 5

Prolonged air leakage (>5 d) and pneumonia 2

Tumor size (cm)

Range 0.5-2.7

Median 1.0

Histologic subtypes

AC 132

AIS 14

MIA 66

Invasive AC 52

SCC 1

Metastatic adenocystic carcinoma 1

Metastatic laryngeal SCC 1

Hamartoma 2

Pathological TNM stage of lung cancer (133 cases)

0 14

IAI1 86

IA2 21

IA3 2

IB 8

IIB 1

IIIA 1

AC, Adenocarcinoma; AIS, adenocarcinoma in situ; MIA, minimally invasive

adenocarcinoma; SCC, squamous cell carcinoma.
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commonly found, segmentectomies of right S7, right S8, or
left S8 may be easily approached through the interlobar fis-
sures when the fissures are well developed. However, these
segments also seem to be hard to access when the interlobar
fissures are hypoplastic. In addition, segmentectomies of
S9, S10, or S9þ10 are considered the most challenging.

Several methods have been introduced for performing
thoracoscopic S10 or S9þ10 segmentectomies. One
method was to expose the hilum of the basal segments by
creating a tunnel between S6 and the basal segments.12

However, dividing the lung parenchyma and creating the
tunnel between S6 and the basal segments were
technique-demanding procedures, especially when the
interlobar fissures were not complete. There is also concern
regarding the possible torsion of S6 after complete
separation from other segments. In addition, splitting of
the parenchyma might result in additional invasiveness
and the development of air leakage. Endoh and colleagues11

reported a posterior approach for S10 or S9þ10 segmentec-
tomy. They divided the intersegmental plane between S6
and S10 using the intersegmental veins V6b and V6c as
landmarks. Then, the bronchus (B10 or B9þ10) was
exposed followed by dissection of the artery (A10 or
A9þ10), which was located just behind the bronchus.
This method allowed segmentectomy of S10 or S9þ10 to
be performed without the need for dissecting the fissures
or separating the S6 segment entirely. A nearly identical
1592 The Journal of Thoracic and Cardiovascular Sur
method called the ‘‘bidirectional’’ approach was introduced
by Sato and colleagues14 for S10 segmentectomy and its
variants. However, these 2 methods do not apply to single
S9 segmentectomy or S8 segmentectomy with hypoplastic
fissures. The segmental structures in these cases are not
directly accessible through an anterior approach starting
from the interlobar fissure or a posterior approach. Another
method was reported for segmentectomies of S9, S10, or
both through a pulmonary ligament approach via tracking
the intersegmental septums.10 However, the pulmonary
ligament is not always contiguous with the intersegmental
septum in every case.

Considering the known fissureless techniques used
during thoracoscopic lobectomy, we developed a single-
gery c December 2020
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direction method that permits dissecting the structures in
order of their appearance and avoiding division of the
fissures.15 In our opinion, anatomic segmentectomy can
be considered a lobectomy with deeper localized hilar
structures and completely hypoplastic fissures.16,17,30 In
the single-direction manner, it is possible to accomplish
all cases of single or combined basal segmentectomy
through an inferior pulmonary ligament approach, which
is the preferred approach in our practice, without worrying
about the fissures.16,17 However, when the interlobar fissure
is complete, segmentectomy for right S7, right S8, or left S8
can be approached easily from the fissure. At that time,
either approach can be chosen, depending only on the
surgeon’s choice. In this study, 33 cases were performed
through the interlobar fissure approach.

Before commencing a basal segmentectomy, preopera-
tive planning through image studies is crucial. HRCT or
3-dimensional reconstruction is helpful for the surgeon to
decide which segment should be resected and to know the
anatomic features of the target segmental structures and
its neighbors. When approaching through the inferior
pulmonary ligament, a complete picture of the hilum can
be achieved from an inferior view. Then, the veins and
bronchus of S6, which are normally isolated and located
at most posterior and superior, are identified first. After
that, both the stems and branches of the common basal
segmental veins and bronchi can be confirmed. The main
principle for dealing with veins is to divide the branches
entering the target segment directly while preserving the
intersegmental veins. As the positional relationships of
the stem and branches are already known from preoperative
planning, the target segmental bronchus can easily be
tracked using the ‘‘stem-branch’’ method.17 Generally, the
branches of S7 (right side) or S8 (left side) are located in
the front, the branch of S9 is located in the middle, and
the branch of S10 is always the most posterior one. During
segmentectomies for S9 or right S8, the preserved venous
branches are always in the way when we try to dissect the
bronchus. A robber belt can be used to retract the venous
branches to facilitate exposure of the bronchi. The feeding
artery is easily identified because it always runs along the
bronchus. The inflation-deflation technique is used to
determine the intersegmental planes. For most cases, an
obvious inflation-deflation line can be achieved by
simply inflating the preserved lung. Occasionally,
cross-ventilation across segments does exist and the
inflation-deflation line may be vague, especially in patients
with emphysema. In such situations, a modified inflation-
deflation method can be used.31 The whole lung is
re-expanded completely with controlled airway pressure
under 20 cmH2O. Under such a circumstance, the inflation
of the segment to be resected occurs after division of the
target bronchus due to cross-ventilation, but deflation is
delayed by the fact that the bronchus prevents rapid egress
The Journal of Thoracic and Car
of air. Approximately 10 to 15 minutes later, the preserved
segments are deflated, but the target segment is kept
expanded so that the demarcation line can be clearly identi-
fied. A stapler-based method is used to manage the interseg-
mental planes, as reported by other surgeons.32 In general,
the single-direction method allows identification and man-
agement of the bronchovascular structures from
superficial to deep upon their appearance while avoiding
the troublesome dissection of a hypoplastic fissure and
inessential splitting of the parenchyma.
In this study, all basal segmentectomies were

successfully performed using this single-direction method
without conversion to a lobectomy or an open thoracotomy.
Thirty-two cases of single S9 (12 cases) or S10 (20 cases)
segmentectomies, which were considered the most
challenging ones, were successfully completed. There
were wide ranges for some of the perioperative morbidities
listed. However, 36 patients underwent combined surgeries,
which led to longer operative time, drainage duration, and
hospital stay. Nevertheless, the overall perioperative
outcomes were similar to or even better than those of
other reports.10,11,32,33 There were 2 patients with
unexpected lymph node involvement. We did not perform
reoperation because of their compromised physical status.
We mainly limited the indication of segmentectomy for
GGO-dominant lung cancer and pulmonary metastasis. In
addition, we routinely sent station 13 lymph nodes for
intraoperative frozen-section examination.
Study Limitations
This study is a retrospective one without comparisons of

techniques. However, because the experience with
thoracoscopic basal segmentectomy is still lacking
worldwide, we believe that it is still of importance to
provide an additional option for thoracic surgeons to
consider. We are willing to begin a comparative study in
the near future to delineate the merits of this
single-direction method. In addition, considering that there
are different types of segmentectomies with varied
complexities and difficulties, it is hard for us to depict a
learning curve. Finally, the follow-up period of patients
with lung cancer was short, and long-term outcomes were
not observed.
CONCLUSIONS
The single-direction method for thoracoscopic single or

combined basal segmentectomy was feasible and safe in
our experience. This method exposes the targeted vessels
and bronchi from superficial to deep in order of their appear-
ance without repeated turnover of the lung, and it enables
anatomic basal segmentectomy to be performed in a simple
manner while avoiding dissection of a hypoplastic fissure
or inessential splitting of the pulmonary parenchyma.
diovascular Surgery c Volume 160, Number 6 1593
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