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Abstract: Central metastases are an ideal indication for anatomic sublobar resection. This allows adequate,
safe resection, with preservation of lung function and decreased morbidity. This paper illustrates a case of S2
segmentectomy for a central metastasis and highlights key technical considerations. The author finds that
a direct posterior approach to S2 facilitates the operation, minimizing dissection and allowing sparing of
the horizontal fissure which may reduce the potential for prolonged air leak. Sparing tissue planes may also
facilitate redo-surgery and increase therapeutic options in the event of future metastatic disease. Anatomic
sublobar resection requires attention to detail. Planning is very important, and advanced imaging including
3D reconstruction and 3D printing is increasingly being considered for this purpose. Intraoperatively,
correct positioning of trocars and deliberate, purposeful retraction are key. Finally, a challenge specific to the
resection of central S2 segment lesions is the requirement for sufficient space at the base of the segment to
allow parenchymal division with negative margins. Methodical identification, dissection, and division of the
segmental venous drainage is an important step that allows the space at the base of the segment to open up.
This space can then be dissected widely in order to position the stapler and complete the resection, even for

lesions at the very root of the segment.
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Introduction

Central metastases are an ideal indication for pulmonary
segmentectomy. However, the need for complete
resection with negative margins requires attention
to detail throughout the case, especially meticulous
dissection at the root of the segment to create sufficient
space for proper stapling of the parenchyma. A case
of thoracoscopic S2 segmentectomy for a central
metastasis in a 28-year-old man is presented. The case
is presented in accordance with the CARE reporting
checklist (available at https://jovs.amegroups.com/article/
view/10.21037/jovs-21-48/rc).

Case presentation

A 28-year-old patient with normal lung function was
referred for a metastasis in the right upper lobe. The
patient had undergone resection of a poorly differentiated
sarcoma of the lower extremity 3 months prior, and had no
other relevant medical history. Imaging showed a solitary,
5-Fluoro-Deoxy-Glucose-PET avid 9 mm nodule located
centrally in the S2 bronchopulmonary segment (Figure I).
Given the typical findings, no preoperative histologic
diagnosis was sought. The patient was taken to the
operating room for a planned S2 segmentectomy. A simple
wedge resection was not possible given the central location
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Figure 1 A 28-year-old patient with a metastatic nodule (arrow) of the right upper lobe was referred for a thoracoscopic S2 segmentectomy.

Segmental venous branches (V2a, b and c) are shown in the 2D computed tomography slice in (A) and reproduced schematically in (B). A

recurrent posterior segmental artery coursing behind the apical segment bronchus is also represented in (B).
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Video 1 Key operative steps in thoracoscopic S2 segmentectomy

for a central sarcoma metastasis in a 28-year-old patient.

of the tumor.

Patient positioning and surgical access are depicted
in Video 1 and Figure 2. For S2 segmentectomies, the
surgeon stands behind the patient and operates through
two posterior ports. Although it is difficult to appreciate in
the video (Video 1), in this particular case the low posterior
trocar was positioned too low and the angle of attack to
the hilum was too acute, resulting in a fulcrum effect at
the chest wall compromising range of motion and haptic
sensation. It made handling of the instruments tedious and
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caused recurrent oozing from the chest wall.

Dissection was begun by dividing the inferior pulmonary
ligament, in order to give the lung full mobility and
facilitate retraction and exposure of the posterior hilum
(Video 1). The first key intraoperative view shows the
angle at the bifurcation of the right upper lobe bronchus
and bronchus intermedius (Figure 34). Correct exposure
requires precise and purposeful retraction of the lung along
3 axes: anterior, inferior, and counter clockwise rotation in
relation to the hilum. These maneouvers are executed by
the assistant using a grasper inserted through the anterior
port (Video 1). Incorrect retraction is liable to « bunch-up »
the lung and impede, rather than improve, exposure. The
posterior pleural reflection is divided, and subpleural tissue
is dissected to expose the angle at the bronchial bifurcation.
Advanced bipolar cautery is ideal for this purpose, as it
allows grasping, dissection, precise cauterisation with
minimal heat diffusion, and tissue division, while limiting
instrument substitution between steps.

The second key view is the segmental artery A2 as
it courses in the space above the bronchial bifurcation
(Figure 3B). As this space is dissected and cleared of
lymphatic tissue, the artery comes into view. It is important
to correctly identify the A2 branch to the upper lobe, as in
this case, A2 and A6 shared a common origin. Dissection
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Figure 2 Trocar placement for a thoracoscopic S2 segmentectomy
using a posterior approach. Four 10 mm ports are used. The
camera is inserted in the 7™ intercostal space just behind the
anterior border of the latissimus dorsi (red indicator). An anterior
port is used for retraction and is inserted in the 6™ intercostal
space at the anterior axillary line. Two operating ports are inserted
posteriorly at the 3* and 6™ intercostal spaces, respectively. Trocar
positioning may vary somewhat depending on body habitus and

internal anatomy.

of the bronchial bifurcation and A2 are the most important
and potentially difficult steps in the operation. Once A2
is identified, dissection can be carried forward along the
artery, underneath the parenchyma. As the fissure is divided
(Figure 4), exposure is gradually improved, and access to the
structures at the root of the segment, beginning with the
artery, becomes straightforward.

Dividing the artery leads to the third key view consisting
of the segmental bronchus B2 and venous trunk V2 (a+ b +¢)
(Figure 5A,5B). B2 is dissected carefully while hugging the
bronchus, being mindful of V2 coursing just behind. B2 is
then divided.

Dividing the vein is the key step that allows the space
at the base of the segment to open up. This is especially
important when resecting central lesions, as one requires
sufficient space to position the anvil of the stapler properly
to insure adequate margins (Figure 6). The inflation/
deflation line is the author’s preferred way of delineating
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Figure 3 S2 segmentectomy: exposure of the bronchial bifurcation
and segmental artery. The first step in S2 segmentectomy is
exposure of the angle at the origin of the right upper lobe
bronchus and bronchus intermedius (A). The segmental artery A2
is encountered where it courses in the triangular space bordered by

the bronchial bifurcation and lung parenchyma (B).

the intersegmental plane (not shown). The intersegmental
plane is divided. A recurrent A2 artery (shown schematically
in Figure 1) is included en bloc in the parenchymal staple
line. The specimen is removed in a retrieval bag. Frozen
section examination confirmed complete resection with
negative margins.

The author uses fibrin-sealant (Flo-Seal®) on all staple
lines because the literature suggests some benefit on the
incidence and duration of air leaks (1), while recognizing
that the efficacy of such an approach is not definitively
established.

Operative time was 150 minutes, and blood loss was
300cc. The patient did well postoperatively. The chest tube
was removed on postoperative day 1, and he was discharged
on postoperative day 3. Final pathology confirmed the
diagnosis of a 12-mm metastatic sarcoma. The parenchymal
and bronchial margins were 20 and 10 mm, respectively.
After review of the case by a multidisciplinary soft tissue
oncology team, no systemic therapy was administered (either
before or after the surgery). Imaging remains negative at
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Figure 4 S2 segmentectomy: division of the posterior portion of
the fissure. The posterior portion of the fissure is divided above
the segmental artery A2 (A); this gradually improves exposure and

facilitates access to the artery and root of the S2 segment (B).

4 months.

The study conformed to the provisions of the Declaration
of Helsinki (as revised in 2013). Written informed consent
was obtained from the patient for publication of this case
report and accompanying video. A copy of the written
consent is available for review by the editorial office of this
journal.

Discussion

Anatomic sublobar resection allows preservation of
parenchyma and is particularly well-suited to patients
who are old, frail, or whose physiology is otherwise
compromised (2). It is increasingly considered for the
resection of early-stage and low-grade lung cancer,
although it remains somewhat controversial in this setting
(3-5). Given the different clinical behaviour of metastatic
tumors which normally require only resection with negative
margins, central metastases are an ideal indication for
anatomic sublobar resection. Although it is true that what
constitutes adequate margins in this context remains the
subject of debate, practice at the author’s institution as to
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Figure 5 S2 segmentectomy: access and dissection of the space
at the root of the segment. Dividing the A2 artery uncovers
the segmental bronchus B2 and the V2 (a + b + ¢) venous trunk
(A). Division of the V2 trunk allows the space at the base of the
segment to open up (B). This space can now be dissected widely in
order to position the stapler and complete the resection, even for

lesions at the very root of the segment.

the extent of resection and eligibility for a segmentectomy
includes a detailed risk-benefit assessment of each individual
case, including the patient’s clinical parameters and tumor
histology/biology. From a purely technical perspective,
it has been our experience that pathologically negative
margins are achievable using the technique described, even
for lesions located centrally in the segment. Furthermore,
segmentectomy allows, adequate, safe resection, with
preservation of lung function, decreased morbidity, and
decreased length of stay (6,7). Parenchymal sparing also
allows for more flexibility in the event of future metastatic
disease requiring treatment (7).

Although several approaches have been described,
the author finds that a direct posterior approach to S2
minimizes dissection and allows sparing of the horizontal
fissure, reducing the potential for prolonged air leak. As
such, it also may be particularly useful in the case of a
completely fused fissure. Sparing tissue planes will also
facilitate redo-surgery (whether wedge, segmentectomy,
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Figure 6 When dividing the S2/S3 intersegmental plane, the anvil is positioned right along the root of the segment while the angle of the

stapler is adjusted to ensure proper margins in relation to the metastatic nodule located in S2 (A: inadequate stapler position; B: adequate

stapler position). One should note that the stapler may now encroach somewhat on the parenchyma of S3. The approximate extent of

parenchymal resection achieved is highlighted using the patient’s preoperative computed tomography scan (inset).

or lobectomy) and increase therapeutic options in the
event of future metastatic disease (8). Although segmental
venous anatomy can be properly delineated by an anterior
approach, a careful posterior approach can also allow one to
properly identify segmental venous branches (see Video ).
Anatomic sublobar resection is a game of details, and each
step will determine whether the operation runs smoothly
or runs into speedbumps. Correct positioning of trocars
and purposeful retraction are key. Although “3 trocar”
approaches have been described, the author currently
favours a “4 trocar” approach for ease of retraction,
manipulation, and versatility in case of unexpected findings.
When inserting trocars, it is essential to obtain an optimal
angle of attack to the operative target, which will insure
comfortable and safe dissection. This will also minimize
fulcrum effects which may otherwise result in local trauma
to the chest wall, increased bleeding, and intercostal nerve
injury. Incorrect positioning of the low posterior trocar is
a technical error that, although surmountable, definitely
increased the level of difficulty in the case described (9).
Because of the angle of the camera and instruments, the
most difficult portion of the dissection is identification of
the artery in the bronchial angle. The author’s standard
approach is to identify the artery first, before dividing
the posterior portion of the fissure (between S2 and S6).

© Journal of Visualized Surgery. All rights reserved.

Alternatively, to facilitate initial exposure, a portion of
the fissure may be divided before the artery is identified.
However, this risk injuring the artery or unwittingly
including a portion of the artery in the staple line, making
it vulnerable to avulsion. In the author’s experience, there
was one case where dividing the posterior fissure before
sufficient dissection resulted in staples landing very close
to the A2 artery, making subsequent dissection of the
artery extremely delicate. With proper positioning of the
trocars, deliberate retraction and a bit of patience, the
author has found that developing a plane above the artery
before introducing the stapler is quite feasible. Dividing the
inferior pulmonary ligament is an important manoeuver
that gives the lung full mobility and allows the assistant
to rotate the lung counter clockwise which greatly helps
exposure during this portion of the surgery.

Advanced imaging including 3D reconstruction and 3D
printing is increasingly being considered in sublobar resection
surgery for operative planning and even intraoperative
guidance (10,11). As more and more challenging cases are
being considered, advanced imaging will become an essential
part of the surgeon’s toolkit. It will allow determination of
exact bronchovascular anatomy and any anatomic variations,
as well as the precise relationship between the tumor,
bronchovascular structures, and intersegmental plane,
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allowing for the anticipation of any technical difficulties while
reducing the cognitive load on the surgeon. Since routine
access to advanced 3D reconstructions is still not available
at the author’s institution, operative planning and guidance
must rely on standard Chest-CT, which is possible but
represents an additional challenge, requiring some familiarity
and experience.

Finally, a challenge specific to the resection of central
lesions is the requirement for sufficient space at the base
of the segment to allow proper positioning of the stapler.
Otherwise, one risks positive margins. This requires
methodical management of the segmental vein V2 (12).
In the case presented, the lesion was extremely close to
the bifurcation of veins V2a, b and ¢ (Figure I), which
could therefore not be preserved. Cross-sectional imaging
documented proximal collateral venous drainage from B1 and
B3, which would be unaffected by division of the V2 venous
trunk. Dividing the V2 (a + b + ¢) trunk as shown in this case
allows the space at the base of the segmental hilum to open
up, and allows one to carry the dissection plane at the root of
the segment forward as far and wide as possible (Figure 5).

The author finds that stapling, as opposed to dissection of
the intersegmental plane, allows one to take full advantage
of this space at the base of the segment. Preoperative
imaging showed that the nodule in the case described was
located close to the B1-B3 intersegmental plane and optimal
dissection and positioning of the stapler were necessary
to allow the surgeon to encroach just enough on adjacent
parenchyma beyond the intersegmental plane to ensure an
oncologically sound resection (Figure 6). Although division
of the V2 (a + b + ¢) trunk may in theory affect a portion of
the venous drainage of S1 and S3, the author has used this
technique in 11 cases of S2 segmentectomy [10 have been
published previously as part of a larger series (13)] without
any adverse postoperative issues: the median duration of
chest tube drainage was 1 day (range, 1-3; IQR: 1-1.5) and
the median LOS was 2 (range, 1-5; IQR: 1-3.5); there were

no complications in this group of patients.

Conclusions

Central metastases are an ideal indication for segmentectomy,
and the author has described the technique for a posterior
thoracoscopic approach to S2. While different approaches
to S2 have been described, it is important to recognize that
while there is not one single possible approach, a thorough
understanding of individual approaches will allow surgical
teams the versatility to tackle a variety of specific surgical
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challenges.
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