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A novel approach for the complete extraction of large
tumours in video-assisted thoracoscopic surgery
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Abstract

Background: Video-assisted thoracoscopic (VATS) lobectomy has recently become the standard for treating
lung cancer. However, the complete removal of large tumours from the chest cavity is often difficult.
Therefore, we developed a novel approach to extract large tumours from the wound without rib resection
or fracture (the eXtraction of resected specimens through the Lower INterCostal route [XLINC| method).
Subjects and Methods: In XLINC, a skin incision is made on the tenth intercostal space, and the resected
lung tissue is extracted. This retrospective study included patients who underwent VATS lobectomy using
XLINC in our institution from 2016 to 2018. As a control group, six patients who had undergone thoracotomy
during VATS surgery due to a large tumour diameter were included in the conversion group.

Results: Four men and six women (median age = 66 years, maximum median tumour diameter = 59 mm)
were included in the study. The median length of the wound incision for XLINC was 4.5 (range: 4-8) cm. The
median operative time was 183 min, and the estimated blood loss was 50 ml. Rib resection was not required,
and no fractures were noted. The median length of hospital stay was 8 days. No patients developed major
complications caused by XLINC. There were no significant differences, except in operation time and amount
of blood loss, between the two groups. However, the XLINC group used fewer post-operative analgesics.
Conclusion: Our report suggests that XLINC might be a simpler, less invasive procedure that could be used
in patients with large tumours.
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INTRODUCTION

Since its introduction in the early 90s, video-assisted
thoracoscopic (VATS) lobectomy has been employed in
many facilities and has become a frequently performed
procedure in patients with primary lung cancer."* In
general, in patients with a tumour of 3 cm or less, it is
possible to extract the resected lung from a 3 to 4 cm
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surgical wound. However, for tumours >3 cm, even if
an additional skin incision is made, it is often necessary
to resect the rib, because the intercostal space does not
expand. Although more patients can undergo pulmonary
resection with thoracoscopic surgery because of improved
surgical techniques, there are cases in which excised tissues
cannot be extracted from a small wound because of the
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large size of the tumour. Therefore, we developed a new
method to extract the resected lung with large tumours
through the tenth intercostal space without cutting the
ribs (the eXtraction of resected specimens through the
Lower INterCostal route [XLINC]). This paper presents
our initial experience with this technique.

SUBJECTS AND METHODS

Subjects

Between January 2017 and December 2018, 290 consecutive
patients underwent lung resection for lung tumours in our
institution. Of these, 156 patients (53.83%) underwent
anatomical lung resection with a complete VATS procedure,
and 10 patients (3.4%) had resected specimens removed using
the XLINC technique (XLINC group). From 2011 to 2014,
intrathoracic operation was possible with thoracoscopic
surgery, but because of alarge tumour diameter, there were
six cases, in which the open thoracotomy was expanded to
remove the resected tissue. These cases were used as a control
group (conversion group). Patient information was retrieved
retrospectively from our hospital database. All patients
provided written informed consent for the operation and
for inclusion of their personal data in a scientific database
and appropriate permissions and releases were obtained.
This study was registered with Researchregistry.com (Id no:
researchregistry 5190).

Surgical procedure

The two-window or three-portal method for VATS
lobectomy is a standard approach for lung tumours. The
two-window method is one of the preferred approaches
for complete VATS lobectomy, in which two 2-3 cm
incisional wounds are made along a posterolateral incision
line. After resecting the lobe of the lung, we add an incision
at the tenth intercostal space to remove the resected lung
tissue [Figure 1]. Before making an incision, the surgeon
pushes the incision site of the tenth intercostal space with a
finger from the body surface to confirm the correct position
from the thoracic cavity using a thoracoscope [Figure 2].
This process is designed to prevent unexpected laparotomy
or diaphragm injury. The length of the skin incision can
be shorter than the maximum tumour diameter. Even
with this length, the resected lung lobe can be removed
from the incision because of the absence of costal
cartilage [Figure 3]. After thoracotomy, a tissue collection
bag is inserted into the thoracic cavity, and the bag is used
to remove the specimen from the tenth intercostal space.

Statistical analysis
Descriptive statistics are reported as median (range).
The Fisher’s exact test was used to evaluate categorical
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Figure 1: Skin incision of the XLINC procedure the two-window
method was used in the sixth intercostal space as our standard
approach for VATS lobectomy. The XLINC method was used in
the tenth intercostal space. VATS: video-assisted thoracoscopic
surgery; XLINC: eXtraction of resected specimens through the Lower
INterCostal route method
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Figure 2: Intraoperative image field of thoracoscopic view from the
thoracic cavity confirming the position of the diaphragm and tenth
intercostal space XLINC: eXtraction of resected specimens through
the Lower INterCostal route method
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Figure 3: Surgical view of XLINC during complete VATS lobectomy (a)
Before and (b) after lung extraction VATS: video-assisted thoracoscopic
surgery; XLINC: eXtraction of resected specimens through the Lower
INterCostal route method

Journal of Minimal Access Surgery | Volume XX | Issue XX | Month 2020



Aragaki, et al.: Novel extraction method of large tumours in VATS surgery

variables, and the #test was used to evaluate continuous
variables. Statistical analyses were performed using JMP
software (SAS Institute, Cary, North Carolina, USA).

RESULTS

The patients’ characteristics and clinical findings of the
XLINC group, as obtained from the hospital database
and medical records, are summarised in Table 1. The
study included 4 men and 6 women, with a median
age of 06 (range: 45—81) years. The diagnoses were
9 primary lung cancers and 1 metastatic lung tumour.
The histologic types of the primary lung cancers were as
follows: adenocarcinoma (# = 6), squamous cell carcinoma
(n = 1), pleomorphic carcinoma (#» = 1) and large cell
carcinoma (7 = 1). Two cases of mucinous adenocarcinoma
were included in the primary lung adenocarcinoma cases.
The tumour size was evaluated three-dimensionally. In
addition to the major and minor axes at the largest split
face seen on a computed tomography (CT) image of a
horizontal section, the tumour in the craniofacial direction
was also measured. Among these three measurements, the
maximum value was considered the maximum diameter of
the tumour, and the minimum value was considered the
minimum diameter. The median maximum diameter of
the tumour according to CT was 59 (range: 44—125) mm,
and the median minimum diameter was 45 (range: 32—85)
mm [Table 1].

The operative procedures were right upper
lobectomy (7 = 3), right lower lobectomy (z = 4), left
upper lobectomy (7 = 1) and left lower lobectomy (7 = 2).
The median length of the incision wound via XLINC was
4.5 (range: 4-8) cm. The median maximum diameter of
the tumour by pathological evaluation of the resection
specimen was 63 (range: 38-185) mm and the median
minimum diameter was 41.5 (range: 30-80) mm. The
median operative time was 183 (range: 128-330) min and
the estimated blood loss was 50 (range: 0—170) ml [Table 1].
No patients developed rib fractures or needed rib resection
during lung extraction. In terms of pathological findings,
there were no crushed lesions in the resected specimens
as a result of the extraction.

Regarding the post-operative course, the median duration
of drainage was 2 (range: 1-28) days, and the median length
of hospital stay was 8 (range: 6—31) days. For post-operative
pain control, epidural anaesthesia and oral post-operative
non-steroidal anti-inflammatory drugs were administered
to all patients. In addition, one patient took acetaminophen
and two patients took both acetaminophen and tramadol.
Post-operative pain was objectively measured using the
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Table 1: Patient characteristics of eXtraction of resected specimens through the Lower INterCostal route method group

Pathological Operation Bleeding Drainage Hospital Post-operative Analgesics

Length of
incision for the tumour size

Pre-operative Operative

Age Disease

Sex
(years)

Case

(ml) (days) stay complication
(days)

time
(min)

tumour size procedure

on CT scan

number

(mm)

48x45%x30

XLINC (cm)
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Ds, acetaminophen
Ds, acetaminophen,

None

12
8
6
7
8

231

4
4

LUL + ND2a-2

44x36x35

Adenocarcinoma

65

Male

None

177

60x45x40

50x49x33 RUL + ND2a-2

41x41x32

Metastatic lung tumour

Adenocarcinoma

60
81

Female
Male

None

170

200

52x48x32

RUL + ND1

3

NSA
NSA

None

152 50
50

55x45x43
67x63x40

4
8

RLL + ND2a-2
LLL + ND2a-2

52x45%x45
86x65x52

Adenocarcinoma

72
77

Female

None

256

Adenocarcinoma

Female

tramadol

Chylothorax NSAIDs

75 28 31
13

330

80x65x45

6
8

RLL + ND2a-2

75%x65x45

Pleomorphic carcinoma

Mucinous

Male
Male

6
7

NSAIDs

Prolonged air

leak

16

125

153

185x85x60

165x91x79  LLL + ND2a-2

72

adenocarcinoma

Squamous cell
carcinoma

NSAIDs

None

6

128 50

RLL + ND2a-2 5 38x34x31

50x44x40

64

Female

NSAIDs, acetaminophen,

tramadol

None

9

186 100

66x60x54

66x63x60 RUL + ND2a-2 7

Large cell carcinoma

48

Female

NSAIDs

None

6

180

150x150%80

8

125x108x85 RLL + ND2a-2

Female 67  Mucinous

10

adenocarcinoma
LUL: Left upper lobectomy, RUL: Right upper lobectomy, RLL: Right lower lobectomy, LLL: Left upper lobectomy, CT: Computed tomography, NSAIDs: Non-steroidal anti-inflammatory drugs,

XLINC: Extraction of resected specimens through the Lower INterCostal route method
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Table 3: Comparison of eXtraction of resected specimens
through the Lower INterCostal route method and conversion

group

XLINC group  Conversion P
(n=10) group (n=6)
Age (years) 66 (45-81) 72 (32-81) 0.8505
Gender
Female 6 1 0.1451
Male 4 5
Pre-operative tumour size
Maximum diameter (mm) 59 (41-165) 61 (56-79) 0.5068
Minimum diameter (mm) 45 (32-85) 48.5 (43-65)  0.9616
Operative procedure
RUL 3 1 0.8089
RLL 4 2
LUL 1 2
LLL 2 1
Pathological tumour size
Maximum diameter (mm) 63 (38-185) 54 (50-67) 0.2465
Minimum diameter (mm) 41.5 (30-80) 48 (40-59) 0.6801
Operation time (min) 183 (128-330) 320 (215-911)  0.0194
Blood loss (ml) 0.0140
Hospital stay (days) 8 (6-31) 11 (8-45) 0.3193
Number of Analgesics 1 (1-3) 3 (1-4) 0.0519

LUL: Left upper lobectomy, RUL: Right upper lobectomy, RLL: Right
lower lobectomy, LLL: Left lower lobectomy, XLINC: Extraction of
resected specimens through the Lower INterCostal route method

unexpected rib fractures and prolonged post-operative
pain. Post-thoracotomy syndromes are representative
of post-operative pain. Therefore, we believe that a
thoracotomy should not be performed unnecessarily.’ '
However, standard thoracotomy is often chosen as an
operative approach when tumours are large.

Several methods for removing excised lung tissue from
the surgical wound in VATS lung resection have been
reported. Among these, methods of extracting excised
tissue through a subxiphoid or subcostal wound have been
reported.’¥ However, there ate some concerns when
using these methods, which have limited their widespread
use. These include: (1) the possibility that laparotomy
will be required, (2) the need to repair the diaphragm and
diaphragm-adhering section because of the approach to
the thoracic cavity via the transdiaphragmatic route, (3)
anatomical hindrance of the heart with regard to the
surgical approach to the left thoracic cavity and a left/right
difference regarding the ease of approach and (4) the need
to place only the lower half of the body in the half-lateral
decubitus position or to secure the abdomen to the surgical
field because of the approach from the abdomen. Due
to these concerns, we developed the XLINC, which is
a method of removing excised organs from the lower
intercostal space.

The eleventh rib, which forms the lower border of the tenth
intercostal space, is a floating rib as it does not form part
of the costal arch. Therefore, using our technique, it is easy
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to widen the space in the head—tail direction to remove the
tissue. In addition, the diaphragm adheres to the ventral side
of the tenth intercostal space. However, by confirming that
the tenth intercostal space is in place using a finger from the
body’s surface, it is possible to confirm the placement of the
diaphragm-adhering portion. Approaching the dorsal side of
the diaphragm-adhering part allows for direct access to the
thoracic cavity without dissection of the diaphragm-adhered
part or laparotomy, which precludes chest closure and
reduces the risk of complications. Although the operation
time and amount of blood loss were significantly lower than
those in the conversion group, it is unlikely that the addition
of XLINC would increase the operation time and/or the
amount of blood loss.

The other strengths of this method are: (1) that it is
not affected by the surgical side or heart compression,
(2) it can be used in the normal lateral decubitus position
and (3) in theory, it has fewer associated complications.
However, the most notable merit of this technique is that it
precludes the need for a standard thoracotomy. Regarding
post-operative pain using XLINC, patients do not need
to undergo standard thoracotomy surgery. Therefore,
post-operative pain after XILINC should be compared to
that after standard thoracotomy. In the present study, the
conversion group consisted of cases in which the surgical
wound was expanded for the purpose of extracting the
tumour because the tumour diameter was large. Although
there was no significant difference, the XLINC group
used fewer post-operative analgesics than the conversion
group and tended to have fewer days of hospitalisation,
suggesting that it may be less invasive [Table 3].

Nevertheless, one of the disadvantages of XLINC is that
the maximum wound length is limited by the location of
the diaphragm-adhering portion. Thus, the wound length
may be limited to approximately 8-10 cm. However, if
there is an 8-cm incision at the tenth intercostal space,
the surgical wound would be large enough to insert one
surgeon’s hand into the thoracic cavity. The minimum length
of skin incision required to extract a tumour is difficult to
determine. In our experience, a tumour with a maximum
diameter of 5 cm could be removed through a 4 cm incision.
Thus, we believe that a tumour could be extracted without
much difficulty, even if it is the size of a fist.

In the future, we aim to examine the possibility of a VATS
lobectomy using only an XLINC wound and to compare
the extent of post-operative pain in the acute and chronic
periods in patients who undergo open chest surgery or
VATS lobectomy using XLINC.
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CONCLUSION

XLINC was introduced as a novel method for removing
excised lung tissue during VATS lobectomy. There were
no complications associated with this procedure, and it
did not affect the operation time, blood loss, drainage
period or period of hospital stay. Our results suggest that
this method could lead to an increase in the number of
patients who are eligible for VATS lobectomy, as well as
improve the post-operative pain of patients with large lung
tumours due to the avoidance of standard thoracotomy
with rib osteotomy.
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