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Abstract

OBJECTIVES: The diagnosis of small lung nodules has increased in recent years; limited resection and minimally invasive surgery are
highly desirable in patients with these lesions. While wedge resection may be curative for small lung nodules, the technique is some-
times difficult to perform when the tumour nodule is near the pulmonary hilum. In such situations, either anatomical segmentectomy
or subsegmentectomy can obtain an adequate surgical margin; port-access thoracoscopic surgery is the preferred type of minimally in-
vasive surgery. Three-dimensional (3D) computed tomography (CT) simulations are reportedly useful in planning and performing thora-
coscopic surgery. We use 3D CT simulation to aid thoracoscopic segmentectomy for small lung nodules and subsegmentectomy for
even smaller nodules and conduct here a retrospective evaluation of the clinical results of subsegmentectomy. We present our tech-
nique for 3D CT simulation-assisted port-access thoracoscopic subsegmentectomy in the superior segment of the left lower lobe.

METHODS: Between July 2008 and June 2012, 15 patients underwent port-access thoracoscopic subsegmentectomy. We evaluated the
pathological diagnoses, the tumour sizes, the indications, the operative times and the volumes of blood loss.

RESULTS: Seven patients were diagnosed with lung cancer (LC) and eight had metastatic lung tumours (MLT). The median tumour size
was 12 mm. The indication for using this surgical technique was to secure surgical margins in 13 patients (LC, 6; MLT, 7) and because of
poor surgical risk in two patients (LC, 1; MLT, 1). The mean surgical time was 166 min and the median blood loss was 19 ml. There
were no recurrences.

CONCLUSIONS: Port-access thoracoscopic lung subsegmentectomy using 3D CT simulation can be safely performed and is able to

secure adequate surgical margins.

Keywords: Thoracoscopy * Segmentectomy  Subsegmentectomy « Computed tomography + Simulation

INTRODUCTION

In recent years, the diagnosis of small lung nodules and lung
cancers (LCs) with ground-glass opacity (GGO) has been increas-
ing due to developments in computed tomography (CT). It is
reported that the prognosis of small nodules with GGO is good,
with a limited resection such as segmentectomy or wedge resec-
tion [1-3]. Limited resection techniques and minimally invasive
surgery techniques are therefore in great demand. Although
wedge resections may be sufficient for curing small LCs with
GGO, they are sometimes difficult to perform, particularly when
the nodule is located near the pulmonary hilum (Fig. 1).
Anatomical segmentectomy is preferred in such cases, both to
secure an adequate surgical margin and to preserve pulmonary
function [4, 5]. However, it can sometimes be unnecessary to
perform an entire segmentectomy for smaller lung nodules; a
few reports have described the usefulness of subsegmentectomy
for smaller lesions [6-8].

'Presented at the 26th Annual Meeting of the European Association for
Cardio-Thoracic Surgery, Barcelona, Spain, 27-31 October 2012.

The minimally invasive port-access thoracoscopic approach is
preferred over thoracotomy because of its several advantages:
decreased postoperative pain, shortened chest-tube duration,
shortened length of hospital stay, faster return to preoperative
activity levels and preserved pulmonary function [9, 10]. We
therefore perform thoracoscopic subsegmentectomy for smaller
indeterminate lung nodules that do not lend themselves to ad-
equate surgical margins with wedge resection.

Three-dimensional (3D) CT simulation provides useful infor-
mation for thoracoscopic surgery [11]. We previously reported the
use of thoracoscopic lung segmentectomy with 3D CT for small
nodules [12]; there are few reports, however, of thoracoscopic
lung subsegmentectomy. This report describes and evaluates the
technique of port-access thoracoscopic lung subsegmentectomy
using 3D CT for small lung nodules.

MATERIALS AND METHODS

Our institutional ethics committee approved this retrospective
study, and the chairperson waived the need for obtaining study
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Figure 1: A lung nodule near the pulmonary hilum, containing ground-glass
opacity, which was resected by $%b and S*a combined subsegmentectomy.

consent from individual patients as consent was obtained for the
original surgical procedure. This study involved 15 consecutive
patients, six men and nine women, who underwent port-access
thoracoscopic subsegmentectomy between July 2008 and June
2012. The median age of the patients was 62 years at the time
of surgery (range: 54-82 years).

The numbering and symbols used to denote pulmonary segments
or subsegments followed the method described in Yamashita's
Roentgenologic Anatomy of the Lung [13]. Subsegmentectomy was
defined as a pulmonary segmentectomy at the subsegmental (third
order) arterial and bronchial branches.

Indications for port-access thoracoscopic
subsegmentectomy

Our patient selection criteria for port-access thoracoscopic sub-
segmentectomy were as follows: (i) lung tumours of indeterminate
nature, but considered suspicious for malignancy; (ii) intentional
resection planned of a cT1TaNOMO primary LC tumour, < 2 cm in
diameter with a GGO ratio of greater than 80% by high-resolution
CT, in patients with good pulmonary function who were able to
tolerate lobectomy; (iii) compromised resection in patients who
were considered to be poor candidates for lobectomy due to
limited cardiopulmonary reserve or other organ failure; (iv) metas-
tases and (v) benign tumours. Wedge resection was considered to
be inappropriate in all cases due to the tumour size or its location
deep in the parenchyma.

Three-dimensional computed tomography
simulation

We recorded multidetector CT (MDCT) images after injecting an
iodinated contrast medium and saved the Digital Imaging and

Communications in Medicine data on a computer server. We
used workstations or a client viewer (AquariusNET: TeraRecon,
Inc., San Mateo, CA, USA) for image analyses and determined
pulmonary arteriovenous structure by using a 3D volume-
rendering method; the surgeon processed 3D images within 5
min of their capture. The window level and the window width
were adjusted to identify differences in the density of the con-
trast agent, in order to distinguish between arteries and veins. In
the absence of such differences, the arteries and veins were dis-
tinguished on the basis of measurements such as axis direction
and vessel diameter. The simulation images were used to iden-
tify segmental arterial branches, intersegmental veins that were
to be preserved and venous branches in the affected segment
that were to be divided; these data were used in planning and
performing the surgical procedure. The operations were per-
formed while comparing and contrasting the simulation images
with real-time conditions in the surgical field, by rotating and re-
sizing the 3D CT images.

Surgical technique

Patients were placed in the lateral decubitus position, and the
lung was isolated using a double-lumen endotracheal tube. The
surgeon stood near the patient’s anterior chest wall, facing a
monitor. The assistant stood against the patient's back, facing
another monitor positioned to provide an inverted image. The
first trocar was inserted along the midaxillary line, through the
fourth intercostal space in the case of upper-lobe lesions and
through the sixth intercostal space in the case of lower-lobe
lesions. An endoscopic rod-lens telescope (5 mm, 30°) was
positioned at this port. One 15 or 20 mm flexible trocar and
two trocars of 5 mm were inserted subsequently. The arterial
branches were dissected and the hilar lymph nodes were sub-
sequently resected; frozen section was performed in patients
with LC or suspected malignancy. Only hilar lymph nodes were
dissected, and mediastinal lymph nodes dissections were
omitted because hilar lymph node metastases were not recog-
nized by the frozen section. Suture ligation was the preferred
mode of vessel division. Prior to August 2010, the bronchus
was divided before bilateral lung inflation. From August 2010
onwards, the bronchus was threaded and ligated using a
monofilament slip knot which was customized based on the
previously reported modified Roeder knot [14] (http://www.
youtube.com/watch?v=XH2jt7kL3mo). This enabled the surgeon
to close the bronchus and to identify the inflation-deflation line
between subsegments. The bilateral lungs were inflated, and the
bronchus then was divided with a stapler or ligated according to
the bronchial diameter.

The individual operative dissections were simulated by the 3D
CT volume-rendering method. The parenchyma was dissected
along the intersubsegmental pulmonary veins by using either
electrocautery or a sealing device, and the venous branches
running into the affected subsegment were divided. Staplers
were used to divide the parenchyma in the peripheral lung. The
resection line was designed on the subsegment line in order to
obtain a sufficient surgical margin around the tumour. When it
was not possible to obtain adequate surgical margins with
simple subsegmentectomy, a few adjacent subsegments were
removed in a combined style. The resected lung was removed
via the larger trocar incision without enlarging the incision; a
chest tube was then inserted at this site.

w
]
=
-
-3
<
-
<
=
=
(3
(o}



http://www.youtube.com/watch?v=XH2jt7kL3mo
http://www.youtube.com/watch?v=XH2jt7kL3mo
http://www.youtube.com/watch?v=XH2jt7kL3mo

826 H. Kato et al. / Interactive CardioVascular and Thoracic Surgery

RESULTS
Patient characteristics

Table 1 presents the preoperative CT findings of subsegmentect-
omy patients. All pulmonary nodules were indeterminate in nature
but considered suspicious for malignancy. Eight patients exhibited
nodules of solid density and seven exhibited nodules with GGO. Of
the GGO nodules, four of seven had a GGO ratio of less than 100%
but greater than 80%, and three were purely GGO. Nodule size
ranged from 5 to 16 mm (median: 12 mm) in diameter.

Pathological evaluation

Seven patients were diagnosed with primary LC, and the remain-
ing eight were diagnosed with metastatic lung tumours (MLTs)
on pathology. All primary LC nodules represented adenocarcin-
oma [15]: adenocarcinoma in situ (AlS) in six patients and minim-
ally invasive adenocarcinoma (MIA) in one patient (Table 2).
There were no lymph node metastases, and all cancers were
stage IA. The tumour size ranged from 3 to 18 mm (median: 11
mm) in diameter. All nodules containing GGO on CT were LC,
and all solid nodules on CT were MLTs.

Resected subsegments
The resected subsegments are shown in Table 3. Of the 15

patients, 12 underwent single subsegmentectomy and three had
combined subsegmentectomy.

Table 1: Preoperative CT lung nodule findings

Preoperative CT findings Patients (n=15)

Solid 8
Non-solid 7
GGO ratio 80-100% 4
100% 3
Tumour size Median: 12 mm (5-16 mm)

GGO: ground glass opacity; CT: computed tomography.

Table 2: Postoperative lung nodule pathology

Lung cancer

Adenocarcinoma

Adenocarcinoma in situ

Minimally invasive adenocarcinoma
Metastatic lung tumour

Renal cancer

Colon cancer

Malignant melanoma

Laryngeal cancer

Total

Ul = =N 00 —=0 NN
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Indications for subsegmentectomy

Table 4 presents the indications for subsegmentectomy. In 13
patients, six with LC and seven with MLT, subsegmentectomy
was chosen over wedge resection in order to obtain adequate
surgical margins; these patients had anatomical features that
prompted this choice, such as a tumour location near the pul-
monary hilum. Two patients, one with LC and one with MLT,
were considered poor surgical risks for segmentectomy or lobec-
tomy because of post-pulmonary resection status in one and
coronary heart disease in the other.

Surgical parameters

Surgical parameters are given in Table 5. The median operative
time was 166 min (range: 71-302 min) and the median blood
loss was 19 ml (range: 0-882 ml). One patient, with 882 ml of
bleeding from the pulmonary artery, required blood transfusion.
The chest tubes were maintained in position for 1-7 days

Table 3: Resected lung subsegments

Right Left
2a 1 3a 1
3a 1
3b 1
2b+3a 1
1b+3a 1
4a 1 4a 1
6c 1 6b 1
7a 1 6C 1
8a 2 8a+9a 1
Total 10 Total 5
Table 4: Indications for subsegmentectomy
Variables Patients (n=15)

Securing surgical margins (insufficient margin for
wedge resection)
Poor surgical risk

13 (LC, 6; MLT, 7)

2 (LG, 1; MLT, 1)

LC: lung cancer; MLT: metastatic lung tumour.

Table 5: Surgical parameters

Variables Median (range)
Operative time (min) 166 (71-302)
Bleeding (ml) 19 (0-882)

Chest tube duration (days) 1(1-7)
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(median: 1 day) after surgery. No hilar lymph node involvement
was observed. There were few complications during the peri- or
postoperative period. No tumour recurrence was noted during
the follow-up period, which ranged from 3 to 49 months
(median: 22 months).

Representative case report

A 54-year old man was admitted to our hospital with a 12-mm
non-solid tumour in the superior segment of the left lower
pulmonary lobe that was suspicious for bronchioloalveolar car-
cinoma (Fig. 2A and B). Port-access thoracoscopic subsegmen-
tectomy was planned because of the location of the nodule
(Fig. 2C). Vessels and bronchi were identified pre- or intraopera-
tively using MDCT with the 3D volume-rendering method
(Fig. 3). The intersegmental vein was dissected, and the periph-
eral lung was divided using electrocautery along the vein. The
intrasegmental pulmonary artery and bronchus were identified
from the posterior approach; the artery was ligated and divided
using a bipolar sealing device (BSD), and the bronchus was dis-
sected, ligated using a monofilament thread and cut after the
left lung was inflated; the inflation allowed for visualization of
the anatomical intersegmental plane for dissection. The intraseg-
mental veins were identified and ligated; the intersegmental vein
was preserved, based on the 3D image. The parenchyma was
dissected using electrocautery and the BSD along the inflation-
deflation line. The peripheral parenchyma containing the nodule
was dissected using a stapling device, allowing a sufficient surgi-
cal margin. Frozen section revealed adenocarcinoma, AlS. The
operative time was 197 min and blood loss was 127 ml.

DISCUSSION

In recent years, the discovery of small lung tumours has been in-
creasing as the resolution of CT continues to develop. It is
reported that the prognosis is good for patients who undergo re-
section of small LC nodules [16, 17], and minimal surgery such as
wedge resection or segmentectomy is considered sufficient for
resection. Although wedge resection is a very simple procedure,

it is sometimes insufficient to obtain adequate surgical margins,
e.g. with pulmonary nodules in the hilum that are not near the
peripheral parenchyma. Wedge resection is also sometimes diffi-
cult in patients with indeterminate GGO nodules on CT imaging,
as the nodules are sometimes not palpable due to their air
content. In such cases, anatomic segmentectomy is reportedly
superior to wedge resection for securing surgical margins and
diagnosing indeterminate nodules. Recently, Schuchert et al. [18]
reported performing anatomical segmentectomy for suspected
malignancy in 86.2% of indeterminate pulmonary nodules; ana-
tomical segmentectomy is beneficial in both the diagnosis and
the treatment of these nodules.

Port-access thoracoscopy offers the advantages of reduced
postoperative pain and pulmonary function preservation and
depends on reducing the operative risk in patients who have
poor respiratory function or heart disease preoperatively [9, 10].
Minimally invasive surgery techniques are therefore in great
demand.

Recent advances in image processing and 3D CT angiography
allow the demonstration of the precise structures of pulmonary
arteries and veins, thereby enabling surgeons to perform thora-
coscopic lung lobectomy and segmentectomy; we described
thoracoscopic lung segmentectomy using 3D CT simulation in
an earlier article [12]. Moreover, subsegmentectomy reduces the
extent of lung volume reduction [6] and is therefore considered
more minimally invasive for smaller nodules than segmentect-
omy. The current study reports the usefulness of port-access
thoracoscopic lung subsegmentectomy for small lung nodules.

There have been few reports describing thoracoscopic subseg-
mentectomy. In our series, we suggested that the procedure
should be used for small nodules, suspicious for LC, with a GGO
ratio of greater than 80%; over the last decade, several authors
have reported that a large GGO ratio is a good prognostic factor
in the limited resection of small LC nodules [1, 19-21]. Nakata
et al. [20] and Kodama et al. [21] have proposed that patients
with tumours that have GGO ratios of greater than 50% should
be considered possible candidates for limited resection, although
patients with a GGO ratio of 50% exhibited vessel infiltration and
experienced local recurrence after wedge resection [20]. We
therefore set a larger GGO ratio for subsegmentectomy in our
series.

Figure 2: A pulmonary nodule with ground-glass opacity in the superior segment of the left lower pulmonary lobe (CT), which was resected by S°c

subsegmentectomy.
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Figure 3: The 3D volume-rendering method used for simulation.

In a postoperative evaluation, we determined that subsegmen-
tectomy is appropriate for LC patients in whom wedge resection
would provide insufficient surgical margins or for patients who
are considered a poor surgical risk for segmentectomy or lobec-
tomy. The pathological diagnosis in cases suspicious for LC was
almost uniformly adenocarcinoma with AIS that has a good
prognosis with limited resection. Only one patient had MIA, with
its inherent possibility of local recurrence [15, 22]. The indication
for subsegmentectomy in this patient was compromised pul-
monary function, constituting a poor surgical risk. In this patient
with a prior contralateral lobectomy for LC, two tumours were
resected with simultaneous S' segmentectomy and S%a subseg-
mentectomy because an adequate surgical margin could not be
obtained with wedge resection, even though lobectomy are pre-
ferred for this pathological type of tumour. Therefore, our indica-
tion for subsegmentectomy was an appropriate case for wedge
resection in the pathological type but an inappropriate case for
wedge resection to secure a surgical margin. We set surgical
margins to be larger than the nodule itself or 2 cm [23]. The prog-
nosis of limited resection in patients with small GGO nodules is
known to be good [1-3], and we determined that port-access
thoracoscopic subsegmentectomy is useful for securing adequate
surgical margins in small nodules with a GGO ratio of greater than
80%, although this study is only a preliminary report.

It may seem that port-access thoracoscopic subsegmentect-
omy is technically complex and difficult to perform. The separ-
ation of the segments and subsegments is very important in
anatomical segmentectomy or subsegmentectomy and the infla-
tion-deflation line is essential in determining the dissecting
plane; the bronchus must be divided and then selectively sup-
plied with air in order to demonstrate the inflation-deflation
line. This selective air supply is difficult to apply to the subseg-
mental bronchus, as it is very small; the operative time was con-
sequently quite long at the beginning of our series. Before
August 2010, we had been using the bronchus-pushing method
to create the inflation-deflation line. In August 2010, we blindly
ligated a bronchus, using a monofilament suture with a knot-
pusher, after the subsegmental bronchus was supplied with air.
This led to injury of the pulmonary artery with a high blood loss.
To avoid this complication in the future, we introduced a

method of threading the bronchus with a monofilament suture
before bilateral lung inflation; the monofilament suture is pulled
to close the bronchus after inflation. With the introduction of
this method, subsegmentectomy became easier to perform. We
now use a modified Roeder knot to close the bronchus and to
create the inflation-deflation line before ligating and cutting the
bronchus. The ligation for the bronchus is available because
Japanese thoracic surgical literature reports the safety and useful-
ness of the procedure for lobectomy for LC [24].

There were a few complications experienced in our patient
series. One patient required a chest tube for 7 days, for a pro-
longed air leak after simultaneous S' segmentectomy and S%a
subsegmentectomy. Two patients with severe parenchymal
adhesions had a high blood loss during adhesiolysis of pleural
adhesion.

No patients in our series experienced tumour recurrence, al-
though the observation period was short. It may stand to reason
that recurrences were not recognized because subsegmentect-
omy was performed in patients in whom a wedge resection was
considered adequate to cure their LC [2].

Our procedure is applicable to various anatomical subseg-
ments. We have performed ~140 port-access thoracoscopic seg-
mentectomies or subsegmentectomies from September 2004;
the current series represents 15 subsegmentectomies performed
during this period. There are no technical differences between
the procedures of thoracoscopic segmentectomy and subseg-
mentectomy. However, in thoracoscopic subsegmentectomy, the
preservation of lung parenchyma is more expected than it is in
segmentectomy (Fig. 2c), and it is expected to be better than
our previously reported feasibility and safety in thoracoscopic
segmentectomy [12, 25]. We therefore consider the subsegmen-
tectomy technique to be both feasible and safe. The follow-up
time was too short in this series to properly evaluate post-
operative pulmonary function. It is necessary to evaluate this
point in the future.

In conclusion, port-access thoracoscopic lung subsegmentect-
omy can be safely performed, utilizing 3D CT simulation, in
order to secure adequate surgical margins for small nodules.

Conflict of interest: none declared.
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