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ABSTRACT

Background: To standardize the technical strategy for right upper lobe (RUL) seg-
mentectomy, we previously developed simplified 3-dimensional (3D) anatomic
models that classify the RUL anatomy into 14 patterns according to the branching
pattern of bronchi and veins. We aimed to study the surgical outcome of RUL seg-
mentectomy guided by these simplified anatomic models.

Methods: Patients were classified into the anatomic models, and the approach to
the intersegmental veins was selected accordingly. The intersegmental vein and
corresponding intersegmental plane were as follows: V'b (the apicoanterior plane),
V?a (the apicoposterior plane), and V?c (the posteroanterior plane).
Clinicopathologic characteristics and short- and long-term outcomes were
analyzed retrospectively.

Results: Thirty-four consecutive patients who underwent thoracoscopic RUL seg-
mentectomy guided by simplified anatomic models between January 2016 and
December 2019 at Gunma University were analyzed. All the patients were classified
into a model: anterior + central lab type (47%), anterior + central Ib type (41%),
anterior Il type (12%), or central lll type (0%). The standard approaches to inter-
segmental veins were an anterior approach for V'b, a posterobronchial approach
for V23, and an interlobar approach for Vc. The approach to intersegmental or in-
trasegmental veins was modified according to the anatomic model in 4 cases (12%).
The median operative time, blood loss, and hospital stay were 222 minutes, 19 grams,
and 7 days, respectively. Prolonged air leakage was observed in 1 patient.

Conclusions: Segmentectomy guided by simplified anatomic models promotes
anatomic classification, development of a standardized approach for segmental
vein identification, and acceptable outcomes, which can facilitate the implementa-
tion of RUL segmentectomy. (JTCVS Techniques 2020;4:288-97)
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CENTRAL MESSAGE

Right upper lobe segmentec-
tomy guided by anatomic
models allows the classification
of segmental anatomy, a stan-
dardized approach to the inter-
segmental veins, and successful
completion of segmentectomy.

PERSPECTIVE

Right upper lobe (RUL) segmentectomy remains
challenging, given the complex segmental anat-
omy and spatial relationship between the bron-
chus and vessels. RUL segmentectomy guided
by anatomic models facilitates the precise classi-
fication of anatomy, development of a standard-
ized approach to intersegmental veins, and
successful completion of segmentectomy.
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Studies have shown that one-third of lung cancers develop
in the right upper lobe (RUL)." Owing to the increased
rate at which small and early-stage lung cancers are being
detected via computed tomography (CT) screening,” the
need for RUL segmentectomy has been rapidly increasing.
However, techniques vary greatly, depending on the sur-
geon’s experience or hospital’s infrastructure.” In addition,
RUL segmentectomies are considered more complex
compared with typical segmentectomies of the superior,
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Abbreviations and Acronyms
3D = 3-dimensional
CT = computed tomography
RUL = right upper lobe

basilar, lingular, or upper division, owing to greater tech-
nical difficulties and anatomic variations.”

Successful segmentectomy requires intraoperative identi-
fication of intersegmental veins, which run through the inter-
segmental plane.” ' However, identifying the intersegmental
vein is often difficult owing to anatomic variations.® The
RUL consists of 3 intersegmental veins (Figure 1): V'b,
running through the apicoanterior segmental plane (between
S' and S?); V?a, running through the apicoposterior
segmental plane (between S' and S?); and VZc, running
through the posteroanterior segmental plane (between S*
and S%).

We previously analyzed the right lung anatomic pattern
using 3-dimensional (3D) CT images in >250 patients.”""
Although several variants exist, RUL anatomy can be clas-
sified into 4 types based on the drainage pattern of the
anterior and central pulmonary veins.”'' In our clinical
practice, we have been classifying lung anatomy based on
these simplified anatomic models and use a methodological
approach for identifying the intersegmental veins according
to model subtype. In the present study, we aimed to investi-
gate the surgical outcomes of RUL segmentectomy per-
formed under this anatomic model classification and
model-based approach to the intersegmental veins.

METHODS
Patients and Variables

We performed a retrospective study of all patients who underwent
RUL segmentectomy between January 2016 and December 2019 at
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FIGURE 1. Numerical naming style for pulmonary segments and veins of
the right upper lobe. S', $%, and S* denote the apical, posterior, and anterior
segments, respectively. The 3 intersegmental veins are designated V'b,
running through the apicoanterior segmental plane (between S' and S?);
V?a, running through the apicoposterior segmental plane (between S'
and S?); and V¢, running through the posteroanterior segmental plane (be-
tween S? and S3). Vla, Vzb, and V3a are the intrasegmental veins running
through the center of s!, Sz, and S3, respectively.

Gunma University. The study was approved by the Institutional Review
Board of Gunma University Hospital (protocol HS2019-279) and was
conducted in accordance with the principles of the Declaration of Hel-
sinki. The need for written informed consent from each patient was
waived.

We included patients who had undergone thoracoscopic anatomic
model-guided segmentectomy and excluded those who had undergone
thoracotomy or additional use of CT-guided preoperative marking. The
patients underwent preoperative imaging (CT scan, positron emission to-
mography/CT, and brain magnetic resonance imaging) for clinical staging
and spirometry for functional evaluation. Charts were reviewed for age,
sex, RUL anatomic model type, main location of lung lesion, comorbid-
ities, preoperative diagnosis, consolidation/tumor ratio, pathological diag-
nosis, and surgical outcome. The surgical outcome encompassed operative
time, bleeding, duration of chest tube placement, postoperative hospital
stay, complications, and 90-day mortality. The main location of the tumor
was identified using conventional CT and 3D-CT images, according to the
spatial relationship with bronchi and intersegmental veins. Successful
completion of segmentectomy was defined as follows: completion of seg-
mentectomy as planned preoperatively using anatomic models and nega-
tive surgical margin at the time of final pathological diagnosis.

Selection Criteria for Segmentectomy

Sublobar resection (segmentectomy or wedge resection) was performed
for patients considered to have noninvasive lung cancer (defined as a lung
lesion <2.0 cm with a consolidation/tumor ratio <0.5),'*'* a metastatic
lung lesion, or a lung lesion without a definite preoperative diagnosis. Ac-
cording to the criteria proposed by the guideline committee of the Japanese
Association for Chest Surgery, sublobar resection was also performed for
those who could not undergo standard lobectomy because of limited car-
diopulmonary reserve.'* The choice of segmentectomy or wedge resection
was based on the location and radiologic features of the lung nodule. In
brief, wedge resection was performed for palpable nodules located at the
surface of the lung, and segmentectomy was performed for impalpable
nodules or those located deep in the lung parenchyma or close to the hilum.
For cases of suspected malignancy, a resection that allowed for a surgical
margin >2 cm, or larger than the tumor diameter for centrally-localized
nodules, was planned. Bisegmentectomy or segmentectomy combined
with subsegmentectomy was performed for lesions located at the border
of a segment. Resected specimens were examined histopathologically
and classified according to the World Health Organization’s classification
scheme. Staging was performed according to the TNM Classification of
Malignant Tumors.

Pulmonary Segments and Veins in the RUL

In this study, we used a numerical naming system for pulmonary seg-
ments and veins (Figure 1). Accordingly, S, $%, and S* represent the apical,
posterior, and anterior segment, respectively®; V'a, V?b, and V3a represent
the intrasegmental vein running through the center of S', S%, and S?, respec-
tively; and V'b, V2a, and VZc represent the intersegmental vein running
through the intersegmental plane between S' and S*, S' and S?, and S?
and S, respectively.

3D Image Reconstruction and Classification Into a
Simplified Anatomic Model

3D images were reconstructed from CT images obtained using a 64-
channel multidetector row CT scanner (SOMATOM Definition Flash;
Siemens Healthcare, Erlangen, Germany). A total of 35 mL of contrast
agent was injected at 5 mL/s, immediately followed by the injection of
20 mL of saline. A solid image was constructed from 1.0-mm data slices
of contrast-enhanced CT images using a volume-rendering software (Zios-
tation; Ziosoft, Tokyo, Japan), as described previously.” Based on our
previous analysis, the accuracy of the 3D-CT reconstruction of the
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Step 1 Track along V 'b and V2a
V'b (S/S% intersegmental v.) runs into anterior v.

V2a (S'/S? intersegmental v.) runs into central v.
— Anterior + Central | type

Anterior v

Step 1’Track along V 1a
Only V'b and not V'a (intrasegmental of S) runs

into anterior v.
— Anterior + Central Ib type

Step 2 Track along V 2b/VZc/(V2a)
V2b and V2c drain separately into central v.
— Anterior + Central Ib-A subtype

FIGURE 2. Two-step classification of RUL anatomic models. Flowchart for the 2-step classification of anatomic models and example of classification
(anterior 4 central Ib-A type). Step 1: Classification into 1 of the 3 major models. V'b and V?a are tracked down to identify the anterior and central
vein. The anterior vein usually originates from V'b, runs through the anterior side of the RUL bronchus, and finally drains into the superior pulmonary
vein from the mediastinal side. The central vein usually originates from V?a, runs through the central part of the RUL between B and B, and finally drains
into the superior pulmonary vein from the interlobar side. Step 1': Classification into Iab or Ib type (for anterior + central I type). The drainage pattern of V'a
is tracked down. If V'a drains into the anterior vein with V'b, the anatomy is classified as Iab type. If only V'b drains into the anterior vein, it is classified as
Ib type. Step 2: Classification into subtypes. Each major anatomic model is further subclassified into 3 to 4 subtypes according to the drainage pattern of

intersegmental veins V'b, Vza, and VZc. Central v., Central vein; anterior v., anterior vein; CT, computed tomography.

bronchovascular structure is 98.7%.° Each patient was classified into
anatomic models by a 2-step process (Figures 2 and 3). The first step con-
sisted of classification into 1 of the 4 major anatomic models based on the
drainage pattern of the RUL’s principal veins, the anterior and central
veins.'' The second step included subclassification into 1 of the 14
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subtypes, according to the drainage pattern of the intersegmental veins
and the spatial relationship among segmental veins. V* was not included
in these models, because it is not an intersegmental vein and its drainage
pattern is diverse (ie, drains more proximally than the anterior or central
veins or drains into V¥ and V°).
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FIGURE 3. Reference sheet for the 14 anatomic model subtypes. Anterior + central Iab, Ib type, and central III type were subclassified into subtypes A, B,

and C, respectively, according to the drainage patterns of Vb and Vc. For the central III type, subtype A was named subtype Al when V'b (VX'b) drained
into Va more peripherally than V2c and was named subtype A2 when V'b drained into VZa more centrally than VZc. Anterior II type was classified into
subtypes D1, D2, D3, and E according to the drainage pattern of VZa (or VXza, VXXza), V% (or VXzb), and V¢ (or Vch). Central v., Central vein; anterior

v., anterior vein; C7, computed tomography.

This classification system focuses on the intersegmental veins for
several reasons. First, the intersegmental veins are structures that physi-
cally define the boundaries of the segments, and thus they are used for pre-
operative planning to determine whether the surgical margin between the
tumor and segmental border is sufficient or whether a (sub)segmentectomy
is required. Second, the proximal part of the intersegmental plane created
by other adjuncts, such as jet ventilation and/or injection of indocyanine
green, is unclear at the hilum, close to the bronchus. Therefore, dissection
of the intersegmental plane at the hilum is usually done along these inter-
segmental veins, especially when operating for small metastatic lung tu-
mors located proximal to the hilum. Third, the peripheral parts of the
intersegmental plane defined by other adjuncts are occasionally unclear.
In such cases, additional guidance by the intersegmental veins is essential
for determining the intersegmental plane. These features of the interseg-
mental veins are crucial during anatomic segmentectomy and cannot be
compensated for by solely focusing on bronchus or arteries.

Surgical Procedure

RUL segmentectomy was planned according to the targeted segment
and anatomic model subtype (Figures 3 and 4). In particular, we focused
on the intersegmental veins and the approach for identifying them
(Figure 4). The patient’s anatomy was classified into one of the anatomic
models, after which 3D-CT images were used to identify segmental arteries
planned for resection and their spatial relationship with the bronchus and

veins of the anatomic model. The anatomy was intraoperatively compared
with the 3D-CT images to avoid misidentification of anatomic structures.

Our basic technique for segmentectomy has been described previously.’
The central portion of the intersegmental plane was dissected along the
intersegmental veins in all cases. Intersegmental veins running through
the surface of the lung parenchyma were identified from the anterior side
of the hilum (anterior approach) or from the interlobar fissure (interlobar
approach), whereas intersegmental veins running deep within the lung pa-
renchyma were identified after resection of the targeted segmental bron-
chus (posterobronchial approach) (Figure 5). The standard approaches
for Vlb, Vza, and VZc were the anterior, posterobronchial, and interlobar
approaches, respectively. Different approaches were used in patients with
anatomic variants in their intersegmental veins.

The peripheral portion of the intersegmental plane was dissected along
the inflation—deflation line created by selective jet ventilation of the tar-
geted segmental bronchus and/or along the demarcation line created by
the intravenous injection of indocyanine green after resection of the tar-
geted pulmonary arteries. In selective jet ventilation, we introduced the
bronchoscope into the target bronchus, fixed the bronchoscope by clamp-
ing the bronchus using forceps, and performed jet ventilation until com-
plete inflation of the target segment. The intersegmental plane was
resected either by electrocautery or stapling (Videos 1 and 2). Compared
with stapling, dissection of the intersegmental plane by electrocautery
alone could lead to air leakage when performed incorrectly along the
intersegmental plane. Therefore, stapling was selected preoperatively
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FIGURE 4. Recommended approach to intersegmental veins according to the targeted segment and anatomic model. (Leff) The 3 basic RUL segmentec-
tomies and the intersegmental veins (blue-colored) that need to be identified: V'b and VZa for apical S' segmentectomy, V2a and V¢ for posterior s? seg-
mentectomy, and V'b and V¢ for anterior S* segmentectomy. (Right) The recommended approach to intersegmental veins according to the anatomic model.
V'b can usually be identified by an anterior approach except for central I1I type, for which a posterobronchial approach is necessary. Similarly, VZa is usually
identified by the posterobronchial approach, except for anterior II-D3 type, for which an anterior approach is necessary. In addition, V¢ can usually be
identified by an interlobar approach, except for anterior II-E type, for which a posterobronchial approach is necessary. RUL, Right upper lobe; Ant. V, anterior
vein; Cent. V, central vein.

for patients with emphysematous lung or interstitial lung disease, or intra- presence of malignancy in patients with lung cancer (LN 11s, 12u, or
operatively when the demarcation line of the intersegmental plane was 13). LN 12u and 13 are usually dissected before encircling the targeted
unclear. segmental bronchus. When a lymph node was positive for malignancy,

Regarding lymph node dissection, sampling of the lymph nodes the procedure was changed to lobectomy provided that the patient could
related to the resected segment was performed to determine the tolerate it.

g2
posterior

S 3 (resected) o /

anterior F R
anterior

anterior

8 Central v.

FIGURE 5. Three basic approaches to identifying intersegmental veins. Anterior approach (left column): identification of intersegmental vein (V'b) by
dissecting along the anterior part of the hilum. Interlobar approach (central column): identification of intersegmental vein (Vc) by dissecting from the in-
terlobar fissure along either the central vein or Vt. Posterobronchial approach (right column): identification of intersegmental vein (V2a) located posterior to
the bronchus, usually after dissection of the targeted bronchus (B?). Cent v., Central vein; SPV, superior pulmonary vein; RUL, right upper lobe; RML, right
middle lobe; RLL, right lower lobe; Trunks sup., trunks superior; AscA®, ascending A%
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VIDEO 1. Posterior S? segmentectomy in a patient with anterior + central
Ib-A type anatomy. First, the ascending A” was dissected from the interlo-
bar side, followed by dissection of the recurrent A? at the hilum. Then the
intersegmental vein V¢, defining the posteroanterior (S*-S*) plane, was
identified by the interlobar approach. The intersegmental vein V2a, which
defines the apicoposterior (S'-S?) plane, was identified by the posterobron-
chial approach after resection of the B> bronchus. The peripheral part of the
S%-S* intersegmental plane was dissected by electrocautery along the
demarcation line toward Vc. Similarly, the S'-S? intersegmental plane
was dissected by electrocautery toward VZa. The remaining central part
of the intersegmental plane was dissected using a stapler. Video available
at: https://www.jtcvs.org/article/S2666-2507(20)30393-X/fulltext.

Statistical Analysis

Data are shown as median (interquartile range) for continuous variables
and as number (%) for categorical variables. Statistical analysis was per-
formed using SPSS version 24 (IBM, Armonk, NY).

RESULTS

Thirty-nine patients underwent RUL segmentectomy at
Gunma University between January 2016 and December
2019. Five of the patients were excluded from our analysis,
including 1 patient who had undergone concurrent

VIDEO 2. Posterior S? segmentectomy in an emphysematous patient with
anterior II-E type anatomy. First, the ascending A% was dissected from the
interlobar side, followed by dissection of the recurrent A at the hilum. The
intersegmental veins VZa (VX?a) and VZc (VX?c) were identified by the
posterobronchial approach after resection of the B bronchus. The poster-
oanterior (S>-S*) plane was dissected with a stapler from the periphery to-
ward VXZc. Similarly, the apicoposterior (S'-S?) plane was dissected with a
stapler along VXZa. Video available at: https:/www.jtcvs.org/article/
$2666-2507(20)30393-X/fulltext.

preoperative CT-guided marking, 3 patients because of an
open approach, and 1 patient because of no anatomic model
guidance owing to contrast agent allergy. A final cohort
of 34 patients (87%) who underwent anatomic model-
guided RUL segmentectomy were analyzed. As detailed
in Table 1, this cohort included 23 males and 11 females,
with a median patient age of 70 years (IQR, 66-76 years).
Among the included patients, 74% (n = 25) had a patholog-
ical diagnosis of lung cancer, most of which were adenocar-
cinomas presenting as pure ground-glass nodules (n = 9) or
part-solid nodules (n = 13). The remaining 3 patients with
lung cancer with a solid appearance underwent segmentec-
tomy owing to compromised cardiopulmonary function,
which prevented them from undergoing lobectomy. The
diagnosis was lung metastasis in 7 patients (21%), and
granuloma in 2 patients (6%). The median tumor size was
1.6 cm for lung tumors (IQR, 1.4-2.2 cm), 1.8 cm for met-
astatic tumors (IQR, 1.4-2.3 cm), and 4.1 cm for granu-
lomas (IQR, 3.7-4.6 cm). Complete pathological resection
was confirmed in all patients. Regarding lymph node

TABLE 1. Patient characteristics

Characteristic Value
Age (y), median (IQR) 70 (66-76)
Sex, n (%)
Male 23 (68)
Female 11 (32)
Anatomic pattern, n (%)

Anterior + central Iab type 16 (47)

Anterior + central Ib type 14 (41)

Anterior II type 4 (12)

Central III type 0 (0)

Main location of lesion, n (%)

s! 9 (26)

s? 13 (38)

s? 12 (35)

Comorbidities, n (%)

COPD 12 (35)

Diabetes mellitus 309

Cardiovascular disease 4 (12)

Autoimmune disease 1(3)

Preoperative diagnosis, n (%)

Lung cancer 25 (74)

Metastasis 721)

Benign tumor 2 (6)

Consolidation/tumor ratio (lung cancer), 0.2 (0-0.4)
median (IQR)
Pathological diagnosis, n (%)

Lung cancer 25 (74)
Adenocarcinoma 22 (65)
Squamous cell carcinoma 309

Metastasis 721)

Granuloma 2 (6)

IQR, Interquartile range; COPD, chronic obstructive pulmonary disease.
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evaluation, 17 patients (50%) underwent sampling at 1 sta-
tion (usually LN 12u or 13), 7 (21%) underwent sampling at
more than 2 stations (LN 10, 11s, 12u, or 13), and 2 (6%)
underwent mediastinal lymph node dissection (LN 2R
and 4R). All dissected lymph nodes were negative for
metastasis.

As shown in Table 2, the median operative time was
222 minutes (IQR, 202-242 minutes), and the median intra-
operative blood loss was 19 g (IQR, 7-49 g). The median
duration of chest tube insertion and postoperative hospital
stay was 2 days (IQR, 2-3 days) and 7 days (IQR, 6-
9 days), respectively. Prolonged postoperative air leak
exceeding 7 days was noted in 1 patient, for which adhesion
therapy was performed. The median duration of follow-up
was 13 months (IQR, 5-19 months). Although none of
the patients with lung cancer developed locoregional
recurrence, 1 patient who underwent segmentectomy for
compromised lung function died from brain metastasis.
Among the 7 patients who underwent segmentectomy for
metastatic lung lesions, 4 were undergoing treatment for
new metastatic lesions at the time of this report.

All patients could be classified into 1 of the 4 anatomic
models (Table 1): 16 patients (47%) with the anterior +
central Iab type, 14 (41%) with the anterior + central Ib
type, and 4 (12%) with the anterior II type. No patient
had the central Il type. Aberrant V> was present in 1 patient
with anterior + central Iab type, who had 2 V2a, one drain-
ing into the aberrant V* and the other draining into the usual
central vein. Tumors were located mainly at the S' segment
in 9 patients, the S* segment in 13 patients, and the S°
segment in 12 patients (Tables 1 and 3). Single segmentec-
tomy was the most common procedure (n = 26; 76%); bi-
segmentectomy was performed in 1 patient (3%),
segmentectomy combined with subsegmentectomy was
performed in 4 patients (12%), bisubsegmentectomy was
performed in 3 patients (9%), and subsegmentectomy alone
was performed in 1 patient (3%).

The method of approach for identifying the interseg-
mental or intrasegmental veins was changed from a stan-
dard approach according to the anatomic subtype in 4
cases (12%). For example, V¢ was usually identified by

TABLE 2. Surgical results

Characteristic Value

Operative time (minutes), median (IQR) 222 (202-242)
Bleeding (grams), median (IQR) 19 (7-49)
Chest tube duration (d), median (IQR) 2 (2-3)
Postoperative hospital stay (d), median (IQR) 7 (6-9)
Complications, n (%)

Prolonged air leak (>7 d) 1(3)

Elevated liver enzymes 1(3)
90-d mortality, n (%) 0 (0)

IQR, Interquartile range.
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TABLE 3. Details of anatomic model type and resected segments

Main location  Anatomic model

of lesion type (subtype) Segmentectomy Number
S'm=9) Tab (A/B/C) s! 2 (1/1/0)
S'a + S% 1 (1/0/0)
S'a + §? 1 (0/0/1)
St + 82 1 (1/0/0)
Iab + aberrant V> S! 1
S'a + §? 1
Ib (A/B/C) s! 1 (0/0/1)
II (E) S! 1
S? (n = 13) Tab (A/B/C) s? 3 (2/1/0)
S'a 4 §? 1 (1/0/0)
Ib (A/B/C) s? 6 (4/1/1)
S'a + §? 1 (1/0/0)
II (DI/D2/D3/E)  §? 1 (0/0/0/1)
$?b + S’a 1 (1/0/0/0)
S*(n=12) Iab (A/B/C) s? 4 2/1/1)
S’b 1 (1/0/0)
Ib (A/B/C) s? 5 (3/1/1)

1I (D1/D2/D3/E) s? 2 (1/0/1/0)

an interlobar approach, tracking along the central vein in
a peripheral direction (Figure 6, A-C). However, in anterior
II-E type (2.8%),"" V¢ runs within the lung parenchyma
and drains into the anterior vein. Therefore, in patients
with anterior II-E type, V2c was identified through the post-
erobronchial approach after segmental bronchus resection
(Figure 6, D-F).

DISCUSSION

In the present study, we evaluated the clinical outcome of
anatomic model-guided RUL segmentectomy. Our findings
can be summarized as follows: (1) all patients could be clas-
sified into 1 of the RUL anatomic models; (2) the approach
for identifying intersegmental veins was simplified and
standardized into 3 approaches: anterior, interlobar, and
posterobronchial; (3) the appropriate approach for interseg-
mental veins was selected based on the anatomic model and
differed from the standard approach in some anatomic
models; and (4) the short- and long-term outcomes were
acceptable.

Previous anatomic studies have extensively analyzed the
lung anatomy to a subsegmental level.” However, the so-
phisticated knowledge of RUL anatomy has not been effi-
ciently implemented into the surgical field, especially in
those related to segmentectomies. As reported previously,
RUL anatomy can be classified as 1 of the 14 anatomic
models in 93.8% of cases.'' In this study, there were no pa-
tients with central III type, likely because of the overall low
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FIGURE 6. Different approaches for the V¢ intersegmental vein according to anatomic model subtype during S> segmentectomy. A to C, The V¢ inter-
segmental vein, delineating the posteroanterior (S*-S?) plane, usually drains into the central vein after running along the interlobar fissure. Therefore, V¢
was identified by tracking along the central vein in a peripheral direction for anterior + central Iab and Ib types and central III type, or along V2t for anterior
11-D type (interlobar approach). D to F, For anterior II-E type, V¢ (VX2c) ran within the lung parenchyma and finally drained into the anterior vein. Thus, it
could not be observed from the interlobar fissure but was only identified after resection of the B> segmental bronchus (posterobronchial approach). RLL,

Right lower lobe; central v., central vein; RML, right middle lobe.

incidence of this type (7%)."" Moreover, the incidence of
lung lesions was almost equivalent for each segment
(26% for S', 38% for S?, and 35% for S%), suggesting
that surgeons should be equally prepared for every type of
RUL segmentectomy.

Theoretically, the method of approach for RUL interseg-
mental veins might differ from the standard approach in
6.3% to 10.5% of cases (Figure 4; Table 4). The incidence
might be higher when the procedure involves a subsegmen-
tectomy, which is affected by variations in both interseg-
mental and intrasegmental veins. As described in above,

the approach for VZc differed in the anterior II-E
type. Similarly, Va usually can be identified using the post-
erobronchial approach; however, for anterior 1I-D3 type
(3.5%),"" V?a ran on the mediastinal side at the surface
of the lung parenchyma and was identified using the ante-
rior approach. Furthermore, V'b usually can be identified
using the anterior approach; however, for central III type
(7%),"" V'b ran within the lung parenchyma and was iden-
tified using the posterobronchial approach.

Several limitations of this study are worth noting. First, it
a retrospective analysis with a small sample size and has a

TABLE 4. Theoretical incidence of change in approach to intersegmental veins according to the anatomic model

Target Standard Theoretical
segment Intersegmental vein approach Change in approach according to subtype incidence (%)
st Vv'b Anterior Posterobronchial approaching central III type (7%) 10.5
V2a Posterobronchial Anterior approach in anterior II-D3 type (3.5%)

s? VZa Posterobronchial Anterior approach in anterior 1I-D3 type (3.5%) 6.3
Ve Interlobar Posterobronchial approach in anterior-E type (2.8%)

s? V'b Anterior Posterobronchial approach in central III type (7%) 9.8
Ve Interlobar Posterobronchial approach in anterior-E type (2.8%)
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Right upper lobe segmentectomy guided by anatomic models
with model-based approach to intersegmental veins

intersegmental veins

Anatomic pattern and recommended approach for

» Anatomic model-guided
segmentectomy was

Anterior + Central
Ib type

Anterior + Central
lab type

Anterior Il type

performed in 34 patients.
Central Il type

JVxa

The standard method of
approach for Vb, V2a, and
V2¢ were anterior, postero-
bronchial, and interlobar
approach, respectively.

» The method of approach to

Anterior

Postero-bronchial segmental veins was

V2a Postero-bronchial
bronchial

D3 subtype: anterior
Others: postero-

changed from a standard

Postero-bronchial one according to the

V2¢ Interlobar

bronchial

E subtype: postero-

Others: interlobar

anatomic subtype in 12%

Interlobar of cases

completion of segmentectomies.

»RUL segmentectomy guided by anatomic models permitted anatomic classification
of the segmental anatomy, a standardized approach to segmental veins, and successful

FIGURE 7. Right upper lobe (RUL) segmentectomy guided by a simplified anatomic model consisting of (1) a 2-step classification of the segmental anat-

omy into 1 of the 14 anatomic models and (2) a standardized approach to intersegmental veins selected according to the anatomic model. This method led to

the successful classification and completion of RUL segmentectomy in 34 consecutive patients. Cent. V, Central vein; Ant. V, anterior vein.

selection bias. Therefore, we did not encounter all types of
anatomic variations. Regarding minor but important varia-
tions of the bronchi, such as the defective B' type,’ for
which the B'a bronchus branches from B? and the B'b bron-
chus branches from B?, our surgical strategy is applicable if
it can be classified into 1 of the nearest analog subtypes.
Second, patients with aberrant V* (2.2%) might not have
the usual intersegmental veins, V?2a and/or V2. In such a
case, identification of the intersegmental plane should be
guided not by intersegmental veins alone, but in combina-
tion with other adjuncts. Third, in our previous analysis,”'"
several patients had veins that crossed over segments with
no usual intersegmental veins and could not be classified
into our anatomic models. Although we did not encounter
such patients during this study period, we would not recom-
mend RUL anatomic segmentectomy for them, because
they are likely to have atypical intersegmental borders
and/or lobulation.

CONCLUSIONS

The present study demonstrates that converting the RUL
anatomy into simplified anatomic models helps elucidate
the spatial relationship between segmental bronchi and
intersegmental veins, which is an essential component of
3D-CT-guided anatomic segmentectomy. Furthermore,
classification into anatomic models aids the precise classifi-
cation and development of a standardized approach to iden-
tifying intersegmental veins, even for cases with anatomic
variation (Figure 7). We believe that the use of simplified
anatomic models will allow for increased implementation
of anatomic RUL segmentectomy.
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