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of the lung using non-enhanced thin-slice CT
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Introduction

Lung cancer, with approximately 1.8 million new cases
globally each year and over 1.6 million related deaths,
remains the leading cause of cancer mortality (1). In recent
years, the spectrum of lung cancer has changed drastically
with the increasing application of computed tomography
(CT)-based screening. Advanced localized central lung
squamous cell carcinoma was once the dominant histologic
type; however, nowadays, early lung adenocarcinoma
radiologically featured by isolated pulmonary nodule,
ground glass nodules (GGNs), and sub-centimeter-sized
nodules is more common (2).

In 1995, a randomized controlled trial reported by
the Lung Cancer Study Group (LCSG) found that
lobectomy achieved a superior impact on the prognosis of
patients with peripheral early non-small cell lung cancer
(NSCLC) compared with limited pulmonary resection (3).
However, with the change in the disease spectrum, further
investigation is warranted to determine whether traditional
lobectomy remains the optimal treatment for early stage
lung cancer. With the recent major breakthroughs in
prevention and early detection, molecular diagnostics,
surgery, adjuvant therapy, radiotherapy, molecular targeted
therapy, and immunotherapy, the treatment of lung cancer
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has increasingly been standardized and individualized, with
regard to patients with early stage lung cancer, especially to
those with limited pulmonary function, the main concern
was to preserve more lung function without compromising
oncologic effect. Segmentectomy would be an optional
treatment to preserve more lung function when compared
with lobectomy.

Several retrospective studies have shown pulmonary
segmentectomy to be equally effective as lobectomy, and no
significant difference has been shown in the overall survival
and recurrence-free survival rates between the treatments.
Meanwhile, pulmonary segmentectomy can better preserve
postoperative pulmonary function (4). Thus, as a more
minimally invasive technique, the role of pulmonary
segmentectomy in treating early-stage lung cancer has
increasingly been recognized among thoracic surgeons.

Sublobar resection for lung cancer includes two distinct
procedures: non-anatomical resection (wedge resection)
and anatomical resection (pulmonary segmentectomy).
The difference between these two procedures is that
pulmonary segmentectomy requires the surgeon to adhere
to the oncological principles of lobectomy, which include
the anatomical dissection of vein/arteries and bronchus in
pulmonary segments and appropriate removal of the target
lung parenchymal tissue. Compared with wedge resection,

7 Thorac Dis 2020;12(4):1639-1644 | http://dx.doi.org/10.21037/jtd.2020.03.56


https://crossmark.crossref.org/dialog/?doi=10.21037/jtd.2020.03.56

1640

Wang et al. Structures of the right upper lung lobe on CT

Figure 1 Location of the nodule on CT (C/T value: 0.399). (A) Transverse position; (B) coronal position; (C) sagittal position.

CT, computed tomography.

segmentectomy can maintain a sufficient surgical margin
from the tumor, which helps to maintain the morphology
of residual lungs. Dissection of lymph nodes among the
lung segments can reduce local recurrence and metastasis
of malignant tumors, which has also led to the procedure
becoming more popular for both surgeons and patients.
However, pulmonary segmentectomy is a complicated and
technical demanding procedure. Surgeons must undergo
rigorous training to learn this procedure and to have a
good grasp of its standardized steps. And, of these steps,
preoperative planning is particularly important.

Reading CT images is a basic skill for thoracic surgeons.
Based on CT images, the anatomic structures (including
trachea, arteries, and veins) of the targeted segment and
neighboring segment must be precisely identified before
operation to ensure the operation proceeded smoothly. In
this article, we described the process to identify anatomic
segmental structures in the right upper lobe by using thin-
slice CT scans of a patient with lung cancer in his right
upper lobe.

Case presentation

A 50-year-old man was found a 1.0 cm-sized mixed ground
glass nodule (GGN) in the anterior segment of the right
upper lung (Figure 1). After one year of follow-up, the
solid component of the nodule increased. Because the
nodule was close to the V1b plane which was the border
between the apical segment and anterior segment, and
the anterior segmental bronchus (B3) was originated from
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S1b, combined segmentectomy, RS3 + S1b resection was
performed for this patient.

With this patient as an example, six typical layers from
the caudal part to cranial part are labeled to demonstrate
the key anatomic structures of right upper lobe (Figure 2).
The Bronchus is of four-branch type, with Bla originates
from B2 and Blb from B3. For segmental arteries, A3a
is the anterior ascending branch, A3b + Al is the apical
and anterior branch, the two above originate from the
right pulmonary artery trunk separately, A2 is a posterior
ascending branch, there is no recurrent A2. The vein is
of V1b + central vein type, vein of SIb which needs to be
ligated during RS3 + S1b resection, was drain into right
upper vein separately with the central vein (Figure 3).

The concept of the vein mesh plane: The introduction
of the “vein mesh plane” has confirmed that the vein
plane is a curved or staggered surface rather than a simple
single plane. In this case, V2c and V2b had two spatially
arranged upper and lower branches, which also formed the
corresponding spatial planes.

The V1b mesh plane is the border between the anterior
segment and the apical segment (composed of veins 1, 2,
3,4, 5, and 6), the V2a mesh plane is the border between
the apical segment and the posterior segment (composed of
veins 6, 5,7, 8,9, 10, 11, and 12), and the V1a mesh plane is
the border between Sla and S1b (composed of veins 6, 5, 7,
13, 14, and 15) (Figure 4).

Each vein mesh plane represents one segment or sub-
segment border, which divides the segment from the
sub-segment. Theoretically, when electrocoagulation is
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Figure 2 Anatomical features displayed in six typical layers of trachea, arteries, and veins. (A) The plane on which V3b is located; (B) the
plane on which both Asc A2 and Asc A3a are displayed; (C) the plane on which both B3 and B2b are displayed; (D) the plane on which S1
artery/vein and V1i are located; (E) the plane on which the nodule is located; (F) typical Vla.

Figure 3 Concept of vein mesh plane. (A) Digital identification of distal multiple veins; (B) display of V1a, V1b, and V2a vein mesh; (C)

display of the segments and subsegments in the upper right lung after the division of vein network.
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Figure 4 Comparison of 2D CT findings with intraoperative findings. (A,D) V1b and V3a+b+c; (B,E) Asc A3a and A3b+Al; (C,F) B3 and

B1b.

applied to split the intersegmental plane, the veins forming
the mesh should be visible as they are located on the
intersegmental plane.

Comparison of intraoperative conditions with two-
dimensional CT findings: the planned surgical path would
be of the following: V3a + b + ¢ = V1b — Asc A3a — A3b
— Alb — B3 + B1b — VintraS1b (Figure 5).

Discussion

Compared with traditional lobectomy, segmentectomy
can maximize lung function preservation and thus is a
feasible treatment for a variety of benign and malignant
diseases. Concerning malignant diseases, segmentectomy
is mainly appropriate for treating patients with early-
stage lung cancer. A retrospective study has shown how
segmentectomy and lobectomy can achieve the same level
of effectiveness in treating early-stage small lung cancer (4).
According to the NCCN guidelines, segmentectomy is
suitable for patients with compromised pulmonary function
who cannot tolerate a lobectomy or for patients with small
lung cancers (<2.0 cm) who meet any of the following
criteria: (I) the pathological type is AIS; (II) the GGO
component >50%; or (III) imaging monitoring suggested
that the doubling time was >400 d. If segmentectomy is
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to be used as a standard treatment for early-stage lung
cancer, many problems other than its oncological efficacy
(i.e., survival) must be addressed. Segmentectomy has its own
problems including the accurate identification of the inter-
segmental plane, resection margin, lymph node metastasis
outside the target segment, anatomical malformation, and
control of postoperative complications. The optimal indications
of segmentectomy are still being investigated in two randomized
controlled trials (CALGB 140503 and JCOGO0802) (5).
Understanding the segmental anatomy would be helpful
to recognize the anatomical variations frequently occurred in
pulmonary segmentectomy. Preoperative three-dimensional
(3D) CT reconstruction can identify the anatomical
structures of bronchi, arteries, and veins in the lung segments
and the relationships between the lesion and the surrounding
structures. 3D CT reconstruction requires special thin-
slice 2D CT findings as the original data as well as certain
software and technical supports. Different reconstruction
techniques have different results. It would bring mislead for
inexperienced surgeons, and should be corrected through
the combination of 2D CT and 3D reconstruction. As the
first-hand information source, thin-slice CT can avoid data
loss. Our current article describes a method for learning how
to identify segmental structures based on 2D CT, although
this method also requires long-term training and learning.
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Figure 5 Comparison of CT finding and intraoperative findings. (A,B) Veins in S1b sub-segment; (C) the nodule adjacent to the V1b plane

(after the lung tissue was removed).

As surgeons become more familiar with the anatomy of
the lung segments, precise identification of the anatomical
structures of lung segment by preoperative thin-slice 2D CT
is gradually turning into reality.

"The right upper lobe includes three segments: apical (S1),
posterior (S2), and anterior (S3). The bronchus, as the core
structure of the segment, need to be identified first. The
distributing of the bronchus can be traced via the continuous
thin-slice 2D CT to differentiate the lung segments where
the bronchus is located. Most of the right upper lobes have
three segmental bronchi: the apical bronchus (B1); runs
upward and outward), the posterior bronchus (B2); runs
backward and upward), and the anterior bronchus (B3); runs
forward and downward). However, some patients including
this reported case may have only two segmental bronchi,
in which the apical sub-segment (Bla) originated from the
posterior segment (B2), and the anterior sub-segment (B1b)
originated from the anterior segment (B3). In general, the
bronchus is relatively easy to identify on thin-slice 2D CT
due to their hollow tubular structure.

After the identification of segmental bronchus, the
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second step is to identify the segmental veins, which is
relatively challenging and requires good memory and spatial
imagination. The right upper lobe veins include veins in the
apical segment (V1a and V1b), the posterior segment (V2a,
V2b, V2¢, and V2t), and the anterior segment (V3a, V3b,
and V3c¢). These veins distribute between the bronchus,
and should be carefully traced until they merged into the
atrium: V1b is located between the apical and anterior
segments; V2a is located between the apical and posterior
segments; and V2c is located between the posterior and
anterior segments. According to the continuous dynamic
reading of thin-slice CT images, each structure represents
a different point on the plane; in addition, good spatial
imagination helps with learning the distributing of the veins
in the lung segments and the planes between segments.

The last step is to identify the anatomy of the arteries.
The arteries distribute along the bronchus, and they are
closer to each other at the distal terminals. Therefore, the
arteries can be memorized together with the bronchus.
Notably, the root of the proximal artery is relatively far
away from that of the bronchus; if it is difficult to identify

7 Thorac Dis 2020;12(4):1639-1644 | http://dx.doi.org/10.21037/jtd.2020.03.56



1644

the artery from its proximal portion, the artery needs to
be identified from distal to proximal. Arteries in the apical
segment (Ala, Alb) and arteries in the anterior segment
(A3a and A3b) mostly originate from the apical anterior
segmental artery, and some of the recurrent arteries (RecA2)
also originate from the apical anterior segmental artery.
They can be identified on CT by tracing the bronchus
in the apical, anterior, and posterior segments. Another
posterior ascending branch (AscA2) of the posterior
segmental artery originates from the main pulmonary artery
and accompanies the posterior bronchus; however, it may
not exist in some patients. There may also be an AscA3a
from the anterior segmental artery, which distributes along
the bronchus in the anterior segment.

Conclusions

During thin-slice 2D CT scanning, the structures in the
lung segments must be continuously identified slice by
slice. Each structure should be continuously traced from
the center to the periphery then from the periphery to
the center. Simultaneously, 3D reconstruction results
and intraoperative findings can be used to train spatial
imagination to speed up 2D identification. Bronchus is
the core structure in the lung segments and needs to be
clearly identified first. The names of the bronchi should
be memorized because they represent the distributing
directions of the bronchus and can facilitate their accurate
identification on 2D CT. The veins run between the
bronchus and should be carefully identified from distal to
proximal until they merge into the atrium. The arteries
accompany the bronchus. They should be carefully
identified from distal to proximal from the sub-segment
to the arterial root; through this, the posterior ascending
artery, posterior recurrent artery, anterior ascending artery,
and anterior recurrent artery can be well recognized.
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