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Abstract

Background: Compared to the pulmonary lobe, the anatomical structure of the
pulmonary segment is relatively complex and prone to variation, thus the risk
and difficulty of segmentectomy is increased. We compared three-dimensional
computed tomography bronchography and angiography (3D-CTBA) combined
with 3D video-assisted thoracic surgery (3D-VATS) to perform segmentectomy
to conventional two-dimensional (2D)-VATS for the treatment of non-small cell
lung cancer (NSCLC).

Methods: We retrospectively reviewed the data of randomly selected patients
who underwent 3D-CTBA combined with 3D-VATS (3D-CTBA-VATS) or 2D-
VATS at the Department of Thoracic Surgery, The First Affiliated Hospital of
Soochow University Hospital, from January 2014 to May 2017.

Results: The operative duration of 3D group was significantly shorter than the
2D group (P < 0.05). There was no significant difference in the number of dis-
sected lymph nodes between the two groups (P > 0.05). The extent of intraopera-
tive bleeding and postoperative drainage in the 3D group was significantly lower
than in the 2D group (P < 0.05). Chest tube duration in the 3D group was
shorter than in the 2D group (P < 0.05). Incidences of pulmonary infection, atel-
ectasis, and arrhythmia were not statistically different between the two groups
(P > 0.05). However, hemoptysis and pulmonary air leakage (>3d) occurred sig-
nificantly less frequently in the 3D than in the 2D group (P < 0.05).

Conclusion: 3D-CTBA-VATS is a more accurate and smooth technique and
leads to reduced intraoperative and postoperative complications.
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Introduction maximally preserve healthy lung tissue and avoid unneces-

The increased popularity of physical examinations and the ~ sary loss of lung function, and is the best treatment option

wide wuse of low-dose chest computed tomography
(CT) scans for chest examinations in China have led to an
increase in the early detection rate of lung cancer each
year.! The use of anatomic pulmonary segmentectomy has
gradually increased for the treatment of early non-small
cell lung cancer (NSCLC). Anatomic segmentectomy can

Thoracic Cancer 9 (2018) 305-309

for lung metastatic tumors or patients with poor lung func-
tion who cannot tolerate lobectomy.”> Compared to the pul-
monary lobe, the anatomical structure of the segment is
relatively complex and prone to variation, thus the risk
and difficulty of segmentectomy is increased. We use
three-dimensional computed tomography bronchography
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and angiography (3D-CTBA) to ascertain the location of
the lung nodule and its relationship to the surrounding
blood vessels and bronchi, to detect anatomical variation,’
and design a sound procedure and strategy before surgery.
We use three-dimensional video-assisted thoracic surgery
(3D-VATY) to perform segmentectomy because it provides
3D surgical vision and allows for greater accuracy, there-
fore reducing the risk of intraoperative injury.

In this study, we retrospectively analyzed the clinical
features of segmentectomy cases in our department and
compared 3D-CTBA combined with 3D-VATS (3D-CTBA-
VATS) to conventional two-dimensional video-assisted tho-
racic surgery (2D-VATS). We analyzed and summarized the
advantages of the 3D-CTBA-VATS technique for anatomical
segmentectomy for the treatment of NSCLC.

Methods

Patient selection

We retrospectively analyzed the records of patients who
underwent anatomical segmentectomy via 3D-CTBA-
VATS or 2D-VATS in our department from January 2014
to May 2017. Patients were divided into randomly selected
groups (Table 1). The eligibility criteria were as follows:
(i) clinical diagnosis of NSCLC and clinical staging of
T1.NoM, or T1,NoMy; (ii) each patient underwent anatom-
ical segmentectomy using 3D-CTBA-VATS or 2D-VATS;
(iii) no limitation on age or gender; (iv) preoperative defin-
itive diagnosis by chest CT, head magnetic resonance
imaging, abdominal B-ultrasound and bone scan excluding
distant metastasis, and routine assessment of cardiopulmo-
nary function excluding surgery contraindications; and

Table 1 Clinical characteristics

Characteristics 3D(n=51) 2D(n=51) thy? P
Gender, n (%) 0.358 0.550
Male 21 (41.1) 24 (47.0)
Female 30 (58.8) 27 (52.9)
Age, y, mean (SD) 59.3 + 10.4 585 +9.7 0.431 0.667
Preoperative smoker, n (%) 0.729 0.393
Yes 18 (35.2) 14 (27.4)
No 33(64.7) 37 (72.5)
Tumor location, n (%) 0.982 0.322
Right lung 27 (52.9) 22 (43.1)
Left lung 24 (47.0) 29 (56.8)
Comorbidity n (%)
Hypertension 10(19.6) 13 (25.4) 0.505 0.477
Diabetes mellitus 7(13.7) 5(9.8) 0.378 0.539
COPD 4(7.8) 6(11.7) - 0.741
Arrhythmia 2 (3.9 3(5.8) - 0.678

COPD, chronic obstructive pulmonary disease; 2D, two-dimensional;
3D, three-dimensional; SD, standard deviation.
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(v) no neoadjuvant chemotherapy or radiotherapy treat-
ment had been administered.

The Ethics Committee of the First Affiliated Hospital of
Soochow University approved the study. Written informed
consent was obtained from all patients before surgery.

Surgical procedures

Deeplnsight software (Northeastern University, Shenyang,
China) was used preoperatively to construct a 3D-CTBA
image to ascertain the location of the nodule. According to
3D-CTBA imaging, the position and structure of targeted
segmental blood vessels and bronchi were analyzed, ana-
tomical variation located, and the surgical procedure
planned. Because of the relative complexity of each basal
segment, complete preoperative evaluation is required to
design the appropriate surgical procedure. For cases with
smaller nodules, a hook wire was positioned intraopera-
tively through CT into adjacent parts of the smaller
nodule.

The procedure is as follows. Patients are administered
general anesthesia with double-lumen ventilation and lie
on their healthy side at a 90° position. A 1 cm incision at
the seventh or eighth intercostal midaxillary line is marked
for the endoscopic hole, and a 3 cm incision at the fourth
intercostal (nodule in the upper or middle lobe) or fifth
intercostal (nodule in the lower lobe) axillary line for the
operating hole. The surgeon stands on the ventral side of
the patient, and the assistants on the contralateral side, all
wearing 3D polarized glasses. The German KARL STORZ
3D thoracoscopic system (Karl Storz, Tuttlingen, Ger-
many) is used. Surgery is conducted according to preopera-
tive 3D-CTBA imaging and the designed surgical program,
combined with intraoperative practical 3D imaging.

In cases where the position of the nodule is deep and
close to the segmental blood vessels or bronchi, segmen-
tectomy is performed. If the nodule is on the lung surface,
wedge resection is performed and the specimen is sent for
rapid-freezing pathology. In cases of well-developed pul-
monary fissures, blood vessels are dealt with from the pul-
monary fissure, otherwise from the pulmonary hilum.
Careful identification of the targeted segmental blood ves-
sels according to preoperative 3D-CTBA imaging (which
has confirmed any anatomic structure variation) is
required to avoid accidental damage to segmental blood
vessels and bronchi.

The smaller sub-branch of segmental blood vessels can
be directly resected using an ultrasonic knife, while larger
branches should be ligated or a linear cutting stapler
should be used. We routinely use the “lung expansion-
collapse method” to ascertain segmental borders: the tar-
geted segmental bronchus is blocked and resected; the lung
is manually inflated until the lung tissue completely
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expands and then single lung ventilation is maintained on
the healthy side of the lung for about 15 minutes, most
segments of the affected side lung will collapse, but the tar-
geted segment still expend. A high frequency electric knife,
ultrasonic knife, or linear cutting stapler is used to resect
the targeted segment at the tissue boundary between the
expansion and collapse. The surgical margins of all malig-
nant nodules must be > 2 cm or at least equal to the diam-
eter of the tumor, and if necessary, multiple segmental
resection is performed. N1 (group 10-13) and N2 lymph
nodes should be routinely sampled and sent for rapid-
freezing pathology during surgery. In patients with pathol-
ogy positive for malignancy, lobectomy and systemic
lymph node dissection should be performed.

In the 2D group, preoperative chest radiograph CT scans
were used to ascertain the location of the nodule, and the
German KARL STORZ 2D thoracoscopic system was used.
The procedure followed was similar to the 3D group.

Statistical analysis

SPSS version 22.0 (IBM Corp., Armonk, NY, USA) was
used to analyze the data. Data were presented as mean =+
standard deviation (+£s) for continuous variables and per-
centages for dichotomous variables. Continuous variables
were analyzed using the f-test, and categorical variables
using y° or Fisher’s exact test. A P value of < 0.05 was con-
sidered statistically significant.

Results

Segment distribution and postoperative pathology is shown
in Tables 2 and 3. All thoracoscopy procedures were suc-
cessfully completed without conversion to thoracotomy.
The operative duration was shorter in the 3D than the 2D
group, and the difference was statistically significant
(P < 0.05). There was no significant difference in the num-
ber of dissected lymph nodes between the two groups

Table 2 Segmentectomy position and number of cases

Segmentectomy 3D-L 3D-R 2D-L 2D-R
position (n=23) (=28 (=26 (n=25)

S1

S2

S3

S1+2
ST+2+3
S4+5

S6

S7+8
S9+10
S7+8+9+10

w U w N

4
3
3
2

N = = 0O U1l wwnN |
- N O |

w = =00 U1 N BN |

3

2D, two-dimensional; 3D, three-dimensional; L, left lung; R, right lung.
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Table 3 Postoperative pathology and number of cases

Pathological category 3D (n =51) 2D (n = 51)
Benign 8(15.6%) 7 (13.7%)
Benign nodule 3 (5.8%) 4(7.8%)
Atypical adenomatous hyperplasia 5(9.8%) 3 (5.8%)
Malignant 43 (84.3%) 44 (86.2%)
Adenocarcinoma in situ 23 (45.0%) 20 (39.2%)
Minimally invasive adenocarcinoma 17 (33.3%) 19 (37.2%)
Other types and metastatic tumor 3 (5.8%) 5(9.8%)

2D, two-dimensional; 3D, three-dimensional.

(P > 0.05). Intraoperative bleeding, postoperative drainage,
and chest tube duration in the 3D group were all signifi-
cantly lower than in the 2D group (P < 0.05). There was no
statistically significant difference in postoperative complica-
tions, such as pulmonary infection, atelectasis, and arrhyth-
mia, between the two groups (P > 0.05). Postoperative
complications of hemoptysis and pulmonary air leakage
(>3d) occurred significantly less frequently in the 3D com-
pared to the 2D group (P < 0.05), as shown in Table 4. After
12 months of follow-up, no bronchial pleural fistula, chy-
lothorax, encapsulated pleural effusion, recurrence or dis-
tant metastasis occurred in patients in either group.

The two groups were followed up for 12 months, there
were no bronchial pleural fistula, chylothorax, encapsulated
pleural effusion and other complications, two groups of
patients with malignant nodules without recurrence and
distant metastasis cases.

Discussion

Churchill and Belsey reported the first case of pulmonary
segmentectomy for the treatment of bronchiectasis in
1939.* Over the following decades, surgeons have
attempted to use segmentectomy to treat lung cancer.
However, in 1995, a randomized controlled study by Gins-
berg and Rubenstein showed that the recurrence rate after
localized pulmonary resection was significantly higher than
after lobectomy for lung cancer.” Subsequently, the use of
localized pulmonary resection was limited in many coun-
tries and medical centers. In recent years, improvements in
diagnostic imaging technology and the popularity of low
dose CT scanning for chest examination have led to a sig-
nificant increase in the early detection rate of lung cancer.
However, some studies have indicated that there is no sig-
nificant difference in postoperative overall survival between
patients with an NSCLC nodule < 2 cm who underwent
anatomic  pulmonary segmentectomy or
lobectomy.*® The patient sample in the Ginsberg and
Rubenstein study included a higher number of patients
with nodules > 2 cm who underwent wedge resection and
thus there were significant differences between the results

standard
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Table 4 Intraoperative and postoperative data
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Variable 3D (n = 51) 2D (n = 51) ty? P
Operative duration, min, mean (SD) 141.9 + 29.1 160.9 £ 31.5 -3.162 0.002
Blood loss, ml, mean (SD) 96.4 + 47.5 131.7 £ 485 -3.709 0.000
Number of DLN, n, mean (SD) 92 +23 94+23 -0.423 0.674
Postoperative drainage, mL, mean (SD) 4254 + 163.5 664.7 + 245.6 -5.790 0.000
Chest tube duration, days, mean (SD) 27+10 424+16 -5.796 0.000
Postoperative complications, n (%)

Pulmonary air leakage 2 (3.9 10 (19.6) - 0.028
Pneumonia 3(5.8) 2 (3.9 - 1.000
Arrhythmia 4 (7.8) 6(11.7) - 0.741
Atelectasis 1(1.9 2 (3.9 - 1.000
Hemoptysis 1(1.9) 8(15.6) - 0.031
Hospital length of stay, days, mean (SD) 51+13 55+ 1.5 -1.411 0.161
Average cost of surgery, CNY, mean (SD) 5,5532.2 5,4751.7 0.842 0.402

2D, two-dimensional; 3D, three-dimensional; CNY, China Yuan; DLN, dissected lymph nodes; SD, standard deviation.

of localized pulmonary resection and lobectomy. Therefore,
the current surgical approach for early lung cancer has
gradually converted from the standard anatomical lobec-
tomy to segmentectomy.

Anatomical pulmonary segmentectomy has attracted
attention for the treatment of early lung cancer, although
controversy remains over whether the oncological efficacy
of segmentectomy is equal to standard lobectomy. A series
of recent studies showed no significant difference between
segmentectomy and standard lobectomy in patients with an
NSCLC nodule diameter < 2 cm, especially those with carci-
noma in situ or micro invasive adenocarcinoma.”'® Never-
theless, we are cautious when treating patients with
pulmonary nodules via segmentectomy. We regularly
observe nodules with a diameter < 8 mm and choose seg-
mentectomy for nodules sized from between > 8 and <
20 mm in diameter, with malignant characteristics on CT
imaging, or in which the tumor size has not significant
changed after 1-3 months. According to the literature and
considering our experience, we perform segmentectomy in
the following cases: (i) adenocarcinoma in situ or minimally
invasive adenocarcinoma nodules with peripheral diameter
< 2 cm; (ii) ground glass density nodule component is >
50% and nodal doubling time is > 400 days; (iii) the nodule
is in a deep position and difficult to locate; (iv) solitary lung
metastatic tumor or multiple nodules require multiple seg-
mental resection; and (v) when lobectomy is inappropriate,
such as in elderly patients or those with poor cardiopulmo-
nary function.'"'* Lobectomy and systematic lymph node
dissection are performed in patients with invasive adenocar-
cinoma or positive lymph nodes.

In patients who are elderly or have poor pulmonary
function, anatomical segmentectomy can achieve maxi-
mum benefit. Because segmentectomy involves anatomi-
cal resection of the lung, preservation of healthy lung
tissue is maximized, and thus the patient has better post-
operative quality of life. Related studies have shown that

308  Thoracic Cancer 9 (2018) 305-309

postoperative lung function after segmentectomy is supe-
rior to lobectomy.”> However, as a result of anatomical
structure, pulmonary segmentectomy is more complex
and prone to variation compared to lobectomy. Further-
more, as it is necessary to have a spatial sense of the blood
vessels and bronchi, segmentectomy requires greater sur-
gical ability and thus has a longer learning curve.

It can be difficult to ascertain nodule position via con-
ventional CT scan because of the 2D imaging, especially
when nodules are located near adjacent segments. More-
over, it is also difficult to locate variation in anatomic
structure of segmental blood vessels. 3D-CTBA provides
accurate segment location of the nodule, displays 3D ste-
reoscopic images of the targeted blood vessels, and preop-
eratively confirms anatomical variation. Thus, it is very
helpful for preparing a surgical plan. We construct a 3D
image of the targeted nodule, segmental blood vessels, and
bronchi, particularly for basal segments, and prepare a
sound surgical plan to avoid accidental damage to normal
segmental blood vessels and bronchi.

The advent of VATS has dramatically changed thoracic
surgical procedure. With improvements to video imaging
systems, endoscopy, and specialized surgical instruments,
VATS has become an effective method for the surgical
treatment of lung cancer. According to current observa-
tions, the oncological efficacy of VATS is at least equal to
traditional open thoracotomy, and is a good option for
high-risk thoracic surgery patients."* However, traditional
thoracoscopy displays a 2D surgical image, resulting in a
lack of 3D surgical vision and operative feeling of depth.
For operators, there is often “distortion” and incongruity
between idea and operation, especially for beginners. A 3D
thoracoscope can present real stereoscopic surgical vision,
creating harmony between surgeon and surgical instru-
ment, and providing a similar view as traditional open tho-
racotomy, thus allowing for a smoother process and a
lower learning curve for beginners. Compared to 2D
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minimally invasive surgery, some studies and experiments
have also indicated that 3D can significantly reduce intrao-
perative errors and bleeding, and shorten operative dura-
tion and the learning curve.'”” We compared the operative
duration between the two groups and found that the dura-
tion was significantly shorter in the 3D than in the 2D
group (P < 0.05). We believe that transforming a preopera-
tively designed surgical procedure into real 3D stereoscopic
surgery using 3D-VATS technology can allow for a sim-
pler, shorter, and more accurate operative process. Further-
more, preoperative knowledge of anatomic structure
variation reduces intraoperative damage, as demonstrated
by the significantly lower rate of intraoperative bleeding in
the 3D compared to the 2D group (P < 0.05).

While there were no significant differences in the inci-
dence of postoperative pulmonary infection, atelectasis, or
arrhythmia between the groups (P > 0.05), postoperative
hemoptysis occurred less frequently in the 3D compared to
the 2D group (P < 0.05). The main factors causing hemop-
tysis after anatomic pulmonary segmentectomy were:
(i) damaged segmental vein, particularly when the vein was
separated vein at the intersegmental plane; and
(ii) inaccurate resection of the reserved segmental vein,
leading to obstruction of pulmonary blood backflow,
known as “venous infarction.” The precise preoperative
plan and more accurate intraoperative procedure used in
the 3D group significantly reduced the probability of error,
such as inaccurate resection of the segmental vein of the
intersegmental plane, and therefore significantly reduced
postoperative hemoptysis symptoms. Compared to the 2D
group, the rate of pulmonary air leakage in the 3D group
was significantly lower (P < 0.05). The main cause of pul-
monary air leakage is that when there is no obvious
boundary between each pulmonary segment, it is difficult
to close up the segmental incisal margin. Preoperative 3D-
CTBA can ascertain the pulmonary segment in which the
nodule is located, thus the resectional range of the segment
can be planned preoperatively. Use of the lung expansion-
collapse method to completely excise the targeted segment
can reduce postoperative complications, such as pulmonary
air leakage.

In conclusion, 3D-CTBA combined with 3D-VATS
allows for comprehensive surgical planning and adequate
risk assessment, which in turn results in an accurate proce-
dure with reduced intraoperative and postoperative com-
plications, and a better therapeutic affect for patients.
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