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Introduction

Abstract

Background: Video-assisted thoracoscopic surgery (VATS) lobectomy has
emerged as a safe and effective technique for treating early-stage lung cancer.
Novel three-dimensional, high-definition (3D HD) imaging has removed this
technical obstacle and is increasingly used in laparoscopic surgery. We compared
our initial experience of 3D HD VATS with standard two-dimensional (2D) HD
VATS to identify the advantages and disadvantages of 3D HD visualization
in VATS.

Methods: The data of consecutive patients diagnosed with lung cancer who
underwent 2D or 3D thoracoscopic lobectomy or bilobectomy at the Guangdong
Lung Cancer Institute from July 2013 to October 2014 were retrospectively ana-
lyzed. Operation duration, estimated blood loss, length of postoperative stay,
major complications, and mortality were recorded for each patient.

Results: In total, 359 patients were enrolled in the study. Lobectomy was per-
formed in 339 patients and bilobectomy in 20; the 3D HD system was used for
178 of the 359 patients, and the 2D HD system for 181. Tumor size, distribution
of the resected lobes, and the demographic characteristics of the patients were
matched between the two groups. The mean operative time for 3D VATS was
163 minutes (range 60-330), whereas 2D VATS required 184 minutes (range
75-360; P < 0.001). The volume of blood loss was 109 and 144 mL in the 3D
and 2D VATS groups, respectively (P = 0.064).

Conclusions: The new-generation 3D HD imaging system is feasible and safe
for thoracic lobectomy. The 3D system required a shorter operative duration.

compromises image quality. Previous studies comparing 2D

Video-assisted thoracoscopic surgery (VATS) lobectomy has
emerged as a safe and effective technique for treating early-
stage lung cancer."” However, conventional VATS is a com-
plex procedure limited by the technical challenges associated
with two-dimensional (2D) monitors and cameras and, thus,
cannot provide stereoscopic information, which is consid-
ered to be important for precise manual task execution.’
Improvements in video imaging have led to the development
of three-dimensional (3D) visualization systems. However,
early prototypes entailed several technical flaws, and 3D ima-
ging, therefore, came to be regarded as a technique that
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and 3D visualization have reported contradictory results.*
With advances in 3D technology, the latest 3D high-
definition (HD) imaging systems now provide significantly
improved picture quality and resolution, similar to those of
2D displays. Several studies have shown the advantages of
3D HD over conventional 2D HD in terms of improving sur-
geon performance in standardized basic skills tasks.””> More
recent studies have suggested a possible advantage of these
new-generation 3D HD systems during laparoscopy.'®"?

As an emerging imaging system and technique, 3D thor-
acoscopic surgery has also been of interest to thoracic
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surgeons in clinical practice. However, few studies have
assessed the feasibility, safety, and surgical outcomes of this
new technique. The aim of this study was to compare the
results of thoracoscopic lobectomy using 2D HD and 3D
HD visualization systems.

Methods

Patient selection

We performed a retrospective analysis of patient medical
records and operative data of consecutive patients with
lung cancer who underwent thoracoscopic lobectomy or
bilobectomy from July 2013 to October 2014 at the Guang-
dong Lung Cancer Institute. We excluded patients with
large (> 6 cm) tumors and those who had undergone
pneumonectomy and sleeve lobotomy. Operation duration,
estimated blood loss, length of postoperative stay, all major
complications, and mortality were recorded for each
patient. Informed consent was obtained from all patients.

Surgical procedures

Four surgeons with varying levels of experience in our
department contributed cases to this study and had equal
opportunity to use the 3D system. All procedures were per-
formed using the Karl Storz 30° 3D TIPCAM System or
the Karl Storz 30° 2D HD System (Karl Storz, GmbH &
Co. KG, Tuttlingen, Germany). No selection criteria were
employed for use of the 3D platform; either the 2D or 3D
system was used for all procedures, depending on availabil-
ity, during simultaneous operations.

Most suspicious N2 metastases revealed in positron emis-
sion tomography-computed tomography (PET/CT) or CT
scan were routinely examined by endobronchial ultrasound
(EBUS), while mediastinoscopy was usually performed in
cases in which EBUS could not procure sufficient tissue. All
patients underwent general anesthesia using a double-
lumen endotracheal tube for lung isolation. VATS lobec-
tomy was performed with the patient in the lateral decubi-
tus position, usually using a double port, non-rib-spreading
technique. A 3-5 cm access incision was placed at the
fourth or fifth intercostal space at the anterior axillary line.
A 1-2 cm camera port was placed at the seventh or eighth
intercostal space at the anterior axillary line; this port was
also used for stapler insertion if necessary (Fig 1). Individual
vascular and bronchial structures were divided using an
endoscopic stapling device, and standard thoracoscopic
instruments were used. Lymphadenectomy was performed
immediately after extracting the lobe in a bag from the chest
cavity if a diagnosis of malignancy had been made or suspi-
cion of malignancy was present. All patients underwent sys-
tematic removal of lymph nodes from at least three stations
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Figure 1 Incisions for right upper thoracoscopic lobectomy. (a) proce-
dure incision (with a lap-protector) in the fourth intercostal space in the
anterior axillary line. (b) A 1 cm trocar for the endoscopic instrument in
the fifth intercostal space in the posterior-axillary line.

of N2 nodes, according to the International Association for
the Study of Lung Cancer classification. The ethics commit-
tee and the institutional review board of the Guangdong
Lung Cancer Institute approved the study.

Statistical analysis

Statistical analysis was performed using SPSS version 16.0
(SPSS, Inc., Chicago, IL, USA). Wilcoxon and Mann-
Whitney tests were used to analyze continuous variables,
such as operation duration, length of hospital stay, and
tube duration. Differences in the distributions of gender,
tumor location, histology, tumor stage, and surgeons in the
2D and 3D groups were evaluated using the chi-squared
test. We performed an independent sample ¢-test to com-
pare age, blood loss, number of lymph nodes, and tumor
diameter between the groups. A P value of < 0.05 was con-
sidered to indicate statistical significance.

Results

Video-assisted thoracoscopic surgery lobectomy or bilo-
bectomy was attempted in 359 patients for non-small-cell
lung cancer (NSCLC) from July 2013 to October 2014. Sur-
gery was converted to open thoracotomy in 11 patients.
The median chest tube duration for the entire group was
3.6 days (range 1-43), and the median length of stay was
7.1 days (range 2-56). In total, 178 patients underwent 3D
VATS and 181 underwent standard 2D VATS. The two
groups were matched for age, tumor size, and tumor loca-
tion (Table 1).

The mean age of the patients in the 3D group was
61.1 years (range 29-83), compared with 60.6 years (range
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Table 1 Patient characteristics and clinical outcomes

Variable 3D 2D P
Gender (male/female) 109/69 106/76 0.563
Age (mean, years) 61.1 60.6 0.687
Lobes

Right upper 58 60 —

Right middle 9 10 —

Right lower 29 21 —

Right upper and middle 3 3 —

Right middle and lower 5 9 —

Left upper 42 51 —

Left lower 32 27 0.717
Stage of NSCLC

| 99 106 —

Il 40 34 —

A 31 33 —

1B 1 1 —

I\ 7 7 0.943
Tumor size (cm) 2.82 2.78 0.951
Operation time (minutes) 163 184 < 0.001
Lymph node number 213 19.5 0.064
Estimated blood loss (mL) 109 144 0.064
Tube duration (days) 3.6 3.5 0.618
Length of stay (days) 6.9 71 0.399

2D, two dimensional; 3D, three-dimensional; NSCLC, non-small cell
lung cancer.

35-81) in the 2D group. The mean operative time using
the 3D system was 163 minutes (range 60-330gtfr), while
that of the 2D system was 184 minutes (range 75-360;
P < 0.001). The mean number of harvested pulmonary and
mediastinal lymph nodes in the 3D group was 21.3 com-
pared with 19.5 in the 2D (P = 0.064). N2 lymph node
metastasis occurred in 31 cases in the 2D group and
33 cases in the 3D. There were seven cases of stage IV; five
cases had unexpected pleural metastasis detected during
surgery, while two were NO patients with solitary brain
metastases. The estimated volume of blood loss was
109 mL in the 3D group and 144 mL in the 2D
(P = 0.064). No differences were found in tube duration or
length of stay between the groups (Table 1). Five emergent
conversions to thoracotomy as a result of intraoperative
bleeding occurred in the 3D group (three for pulmonary
arterial bleeding, two for venous bleeding), and six
occurred in the 2D group (four for pulmonary arterial
bleeding, two for venous bleeding); however, no significant
difference existed between the groups (P = 0.781). Four
patients in the 3D group and eight in the 2D required an
intraoperative or postoperative blood transfusion.

About 16% of patients (29/178) in the 3D group had
major complications that required treatment, versus 15%
(24/181) in the 2D group. Thirteen of these patients had
more than one complication (Table 2). The most common
complication was prolonged tube duration (air leakage or
serous drainage) in 8.9% of patients in the 3D group and
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Table 2 Major complications after anatomic resection by video-assisted
thoracic surgery

Complication 3D 2D P

None 149/178 157/181 —
Complication —
Air leak (> 6 days)
Serous drainage (> 6 days)
Pneumonia
Atrial fibrillation
Chylothorax
Pulmonary embolism
Postoperative massive bleeding
Heart failure
Stroke

- = U1 O N N D O
- O W - N b U1 =
o

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

in 9.9% of patients in the 2D group. Two in-hospital
deaths occurred in the 2D group: one as a result of acute
respiratory distress syndrome of unknown cause and the
other because of respiratory failure; the latter patient had
marginal pulmonary function, was sent to the intensive
care unit after surgery for low oxygen saturation, and died
of respiratory failure a week later. A patient in the 3D
group died of pneumonia two weeks after discharge.

Discussion

As an emerging imaging system and technique, 3D thoraco-
scopic surgery is of interest to thoracic surgeons in clinical
practice. However, only limited data exist on clinical experi-
ence with the 3D imaging system in video-assisted lobec-
tomy. A recent study of 18 patients undergoing 3D
thoracoscopic surgery reported that the 3D HD system sig-
nificantly reduces surgical time from 176 to 145 minutes;
however, the tube duration, number of lymph node stations,
and upstaging were similar between the groups.> We
observed similar results in the present case series; lobec-
tomies using the 3D system required less time than those
using the 2D imaging system (163 vs. 184 minutes, respec-
tively; P < 0.001). The volume of blood loss was also smaller
in the 3D group, but there was no statistically significant dif-
ference (109 vs. 144 mL, respectively; P = 0.064). Although
the blood loss volume was not significantly different between
the two groups, we believe that this difference could become
statistically significant with a larger population size.
Outcomes using the 3D HD system in other laparo-
scopic surgeries have been reported. Several laboratory
studies compared 3D with 2D laparoscopic visualization
with contradictory results. Cicione et al. reported that
new-generation 3D imaging facilitated the surgical perfor-
mance of urologic surgeons without a laparoscopic back-
ground; however, those with an established laparoscopic
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background did not recognize an advantage in using the
3D system.® Storz et al. showed that 3D imaging allows the
surgeon to work faster with greater accuracy, and similar
results were reported in a student group.” Lusch et al. eval-
uated students, residents, and expert surgeons and found
that the 3D laparoscopic camera equipment resulted in a
significant improvement in depth perception, spatial loca-
tion, and precision of surgical performance; the authors
found that even expert laparoscopic surgeons may benefit
from 3D imaging.'"* Wilhelm et al. reported that for sur-
geons with varying experience levels in laparoscopy, novel
3D displays improve laparoscopic interventions as a result
of faster performance and higher precision.?

In recent years, several studies have compared new-
generation 3D HD with 2D HD visualization in laparo-
scopic surgery. One study reported that 3D visualization
reduced operation duration from 284 minutes using the
2D HD system to 225 minutes in laparoscopic liver resec-
tion, with no significant difference in blood loss.'> Aykan et
al. reported a shorter operating duration and reduced
blood loss in the 3D HD group in a cohort of patients who
underwent laparoscopic radical prostatectomy.'' Bagan et
al. compared 3D HD thoracoscopic surgery with 2D HD
lobectomy and reported that the 3D HD system signifi-
cantly reduced surgical duration.”® Our results show that
the 3D system has the advantage of a shorter operating
duration for thoracic surgery, similar to that of 3D imaging
for laparoscopy and thoracoscopy. Based on our own and
the experiences of other authors, we conclude that the bet-
ter visualization of the 3D system reaps benefits, such as
better depth perception that cannot be achieved with tradi-
tional 2D systems without an increase in visual strain. This
benefit could reduce the incidence of intraoperative com-
plications and facilitate the identification of small vessels."

In our cohort, the incidence of major complications and
emergent conversion rates were similar between the 3D and
2D VATS groups. About 16% of patients (29/178) in the 3D
group had major complications that required treatment ver-
sus 15% (24/181) in the 2D. Emergent conversion rates
were 2.8% in the 3D group and 3.3% in the 2D. In a large
series performed by experienced thoracoscopic surgeons,
emergent conversion rates were as low as 1.6-2.5.'>'°

Systematic lymph node dissection is an essential part of
lung resection for lung cancer because inadequate lymph
node dissection results in inappropriate staging. The mean
number of harvested pulmonary and mediastinal lymph
nodes were 21.3 in the 3D group and 19.5 in the 2D
(P = 0.064), similar to previous reports."”'®* Mediastinal
staging is important for determining the treatment method
for NSCLC patients. Sayar et al. reported that extended
cervical mediastinoscopy has an adequate negative predic-
tive value and accuracy in determining metastasis to the
aortopulmonary window lymph node." In our study, eight
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cases were treated with VATS lobectomy followed by med-
iastinoscopy, five cases in the 3D group and three in the
2D. We consider 3D thoracoscopic surgery to be feasible
and safe for thoracic lobectomy of lung tumors, but no
data are yet available on the long-term survival of these
patients.

Three-dimensional technology is one of the major bene-
fits of robotically assisted surgery. The da Vinci Surgical
System (Intuitive Surgical, Sunnyvale, CA, USA) is a telero-
botic system with a true 3D endoscope that provides a
high-resolution binocular view of the surgical field.*® The da
Vinci Surgical System has been applied to an increasing
number of thoracoscopic lobectomies and has been consid-
ered feasible and safe; however, no published data compar-
ing robot thoracoscopic lobectomy with 3D-assisted
lobectomy exists.”’** The da Vinci Surgical System allows
for the improved dexterity and filtration of surgeon tre-
mors, with the ergonomic advantage of sitting comfortably
at a console, allowing the surgeon to perform for a longer
period of time with less fatigue.”> However, the drawbacks
of the da Vinci system are the high cost of implementation
and maintenance, lack of tactile feedback to the surgeon,
the bulk of the robotic arms, and the presence of long, thick
cords.”>*® The use of robotic technology is currently far
from universal. The 3D HD system may be an effective
intermediate step between the standard 2D system and
robot-assisted surgery, combining the low cost of the 2D
imaging system with the 3D technology of the da Vinci Sur-
gical System, especially for centers in developing countries.

The limitations of our study include its retrospective
design, which made it difficult to control for selection bias
during treatment allocation between the 3D and 2D sys-
tems. The present study provides a realistic perspective of
daily clinical practice. Whether the extension of 3D visuali-
zation to surgeons without a thoracoscopic background
will shorten the learning curve of VATS remains to be
determined.

In conclusion, our results show benefits of using 3D HD
visualization over the 2D system. The 3D system improved
surgical precision and was tolerated well by the surgeons
without tool change overtime and the need for additional
training. The evolution of VATS lobectomy is partly driven
by technological advancement and the refinement of surgi-
cal instruments. In view of the growing popularity of
robot-assisted VATS, evaluations of 3D HD with robotic
systems are needed.
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