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Abstract

OBJECTIVES: Common video systems for video-assisted thoracic surgery (VATS) provide the surgeon a two-dimensional (2D) image. This
study aimed to evaluate performances of a new three-dimensional high definition (3D-HD) system in comparison with a two-dimensional
high definition (2D-HD) system when conducting a complete thoracoscopic lobectomy (CTL).

METHODS: This multi-institutional comparative study trialled two video systems: 2D-HD and 3D-HD video systems used to conduct the
same type of CTL. The inclusion criteria were T1N0M0 non-small-cell lung carcinoma (NSCLC) in the left lower lobe and suitable for thora-
coscopic resection. The CTL was performed by the same surgeon using either a 3D-HD or 2D-HD system. Eighteen patients with NSCLC
were included in the study between January and December 2013: 14 males, 4 females, with a median age of 65.6 years (range: 49–81). The
patients were randomized before inclusion into two groups: to undergo surgery with the use of a 2D-HD or 3D-HD system. We compared
operating time, the drainage duration, hospital stay and the N upstaging rate from the definitive histology.

RESULTS: The use of the 3D-HD system significantly reduced the surgical time (by 17%). However, chest-tube drainage, hospital stay, the
number of lymph-node stations and upstaging were similar in both groups.

CONCLUSIONS: The main finding was that 3D-HD system significantly reduced the surgical time needed to complete the lobectomy.
Thus, future integration of 3D-HD systems should improve thoracoscopic surgery, and enable more complex resections to be performed.
It will also help advance the field of endoscopically assisted surgery.
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INTRODUCTION

Video-assisted thoracic surgery (VATS) has been increasingly
adopted by thoracic surgeons over the last two decades: now-
adays, it is commonly used in the management of lung cancer.
Traditionally, VATS has been based on two-dimensional (2D)
imaging. The use of three-dimensional (3D) visualization technol-
ogy in endoscopic surgery has been proposed, since the early
1990s, as a way to improve surgical performance. However, early
3D endoscopic video quality was poor such that its use had not
been widely implemented [1, 2]. More recently, novel 3D-HD
systems, which have imaging quality similar to that of stereoscopic

vision plus improved depth perception, can now provide signifi-
cant benefits over 2D systems when performing endoscopic
surgery [3–5]. However, a comparative assessment between
3D-HD and 2D-HD systems when performing a VATS lobectomy
has not yet been conducted. This study aimed to evaluate the per-
formances of a new 3D-HD system compared with a 2D-HD
during complete thoracoscopic lobectomy (CTL).

PATIENTS ANDMETHODS

Study design

This was a prospective, comparative, multicentre study that in-
volved three French thoracic surgery departments: Victor Dupouy
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hospital in Argenteuil, Amiens university hospital and Georges
Pompidou university hospital.

Preoperative work-up

The preoperative work-up included a clinical staging protocol: this
consisted of a chest radiography, a fibre-optic bronchoscopy, a
thoracic, upper abdominal, cerebral CT scan and systematic PET
scan. Histology was obtained by CT scan-guided transthoracic bi-
opsies of tumours.

Preoperative functional evaluation consisted of spirometric and
plethysmographic tests, assessment of diffusing capacity of the
lungs for carbon monoxide (DLCO) and arterial blood-gas meas-
urement. Criteria of operability were based on predictive post-
operative values of FEV1 and DLCO. A thoracoscopic lobectomy
was planned if the multidisciplinary oncological committee decided
surgical resection.

Eligibility criteria for participants

All consecutive patients admitted for a histologically proven T1
non-small-cell lung cancer (NSCLC) inferior or equal to 3 cm in
diameter and located in the left lower lobe were initially eligible.

Exclusion criteria

Preoperative. Clinical nodal or distant metastases. Contraindication
to VATS approach (history of pleuritis and prior thoracic surgery).
Respiratory contraindication to lobectomy.

Perioperative. Patients with pleural symphysis and/or without an
interlobar fissure were excluded.

Informed consent was obtained from all patients. This study
was approved by the Ethics Committee of the Victor Dupouy
Hospital.

Surgical technique

Artificial ventilation was performed in lateral decubitus position
with a double-lumen endobronchial tube. A complete port-
accessed thoracoscopic approach with 100% monitor vision was
used for lower lobectomies in all patients. The 3D video needed
specific glasses dedicated to the 3D monitor. Three thoracoports
(for endoscopic instruments and bipolar energy device, 7 mm in
diameter; for 30°optic Karl Storz® Tuttlingen, 10 mm in diameter
and for stapler, 15 mm in diameter) were placed respectively in
the fourth intercostal space on the anterior axillary line, on the
fifth intercostal space on the midaxillary line and posterior axillary
line in the seventh intercostal space (Figs 1 and 2). The 15 mm
port was used for vessels, lung parenchyma and bronchus endo-
stapling. This most posterior port also allowed lobe extraction only
for lower lobectomies. The anterior port allowed lobe extraction
for middle and upper lobectomies. Mediastinal lymph node dis-
section was then performed after lobectomy. The pain control
was obtained with paravertebral catheter. This catheter was
removed at the same time of chest tube removal.

Randomization

The complete thoracoscopic lobectomies (CTLs) were performed
by the same surgeon using a 3D-HD or 2D-HD system. Patients
were randomized in the operating theatre after pleural examination
into two groups with the Internet randomizer for clinical trial EOL©
(Medsharing, Fontenay-Sous-Bois, France). The software balanced
automatically by blocks of 6 patients to either undergo CTL with
2D-HD video system (Karl Storz® Tuttlingen, Germany) or undergo
CTL with 3D-HD video system (Karl Storz® Tuttlingen, Germany, in
8 patients, EndoFLEX 3D, Olympus, Japan, in 1 patient). Sample size
was determined by the randomizer software.

Data collection

The clinical parameters were collected during the preoperative
consultation by the pulmonologist, during surgery by the nurses
and postoperatively by the surgeon at 30 and 180 days.

Figure 2: Operating theatre set-up. (A) 3D screen with endothoracic vision
(back of the patient). (B) 2D screen without need of dedicated glasses. (C)
Three-port placement with 30° 3D optic Karl Storz® Tuttlingen.

Figure 1: Incisions for thoracoport placement for left lower complete thoraco-
scopic lobectomy. (A): 10 mm in diameter for optic. (B) 7 mm in diameter for
endoscopic instrument and bipolar energy device. (C) 15 mm in diameter for
stapling and lobe extraction (lower lobectomies).
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Independent variables

The patients’ independent variables collected for the univariate
analysis were age, gender, FEV1, DLCO, operating theatre duration
time (recorded on the operating- theatre software ‘Opera’, CHC,
Quebec), duration of chest tube drainage, number of lymph node
stations dissected and number of upstaging from N0 to N1 or N2
on pathological examination.

Binary outcomes measures

Operating theatre duration time (recorded on the operating-
theatre software ‘Opera’, CHC, Quebec) and events that occurred
during the first 30 postoperative days were taken into account to
assess for morbidity and mortality rates. Thirty-day morbidity was
considered relevant to this study in cases of acute postoperative
bacterial pneumonia, adult respiratory distress syndrome (ARDS),
acute respiratory failure, empyema, bronchopleural fistula, pul-
monary oedema, non-infectious ARDS, pulmonary embolism,
myocardial infarction, acute renal failure, atrial or ventricular ar-
rhythmia that required treatment and reoperation for bleeding.

Statistical analyses

Univariate analysis was conducted using Student’s unpaired t-test
for parametric comparisons between the two groups and The
Mann–Whitney U-test was used for non-parametric analysis.

A test was considered statistically significant if P < 0.05. Data
were analysed using the SPSS software, version 10.0 (SPSS, Inc.,
Chicago, IL, USA).

RESULTS

Demographic, pathological and clinical features
of the overall population

Between January and December 2013, 18 (14 males, 4 females)
consecutive patients with Stage I non-small-cell lung cancer and
referred for a left lower lobectomy were included in the study into
two groups of 9 patients. The mean age was 65.6 years (range: 49–
81 years). Demographic, pathological and clinical characteristics
of the two groups are presented in Table 1.

Binary outcomes

The mean operating time was decreased in the Group 3D patients
(P < 0.001). The drainage and hospitalization duration, the number
of lymph node stations and upstaging were similar in both groups.
Morbidity rate was 11.1% in each group (Group 2D: acute post-
operative bacterial pneumonia, n = 1; Group 3D: recurrent pleural
effusion, n = 1). There was no vascular wound or conversion to
thoracotomy. No postoperative deaths occurred.

DISCUSSION

Most of the studies, which showed superiority of 3D system, have
been conducted using an endotrainer. Our study is the first series
that intended to analyse the effect of 3D technology on operative

performance during thoracoscopic lobectomy and to assess its
advantages and disadvantages over 2D imaging in the field of
thoracic surgery.

Learning curve for video-assisted thoracic surgery

The latest generation of 3D imaging in endoscopic surgery seems
to facilitate surgical performance of surgeons without laparoscop-
ic background [6]. Votanopoulos et al. [7] reported that 3D imaging
offered significant advantages when teaching laparoscopic skills to
inexperienced individuals. In a more recent study, Cicione et al. [5]
observed that, similarly, the benefit of the 3D-HD imaging was
greater for laparoscopic-naïve urologists than for experts in carry-
ing standardized tasks.
In a recent consensus statement, VATS experts concluded that

50 cases were required to overcome the VATS lobectomy learning
curve [8]. The introduction of this 3D-HD imaging system could
help to reduce this period particularly for young surgeons during
their training phase, and could increase the rate of VATS proce-
dures for anatomical lung resection.

Limitations of the three-dimensional-imaging
system

During the initial phase, no relevant difficulties occurred with
nausea, vertigo, double vision, burning eyes or visual fatigue. Several
nurses and students who were close to the screen complained of
headaches during the beginning of the operation. This discomfort
generally disappeared after a 15-min period. For persons suffering
from persistent discomfort, a second screen with 2D vision was
available (Fig. 2).

Operating time

It is well established that VATS resection carries intrinsic limita-
tions, including reduced depth perception of the operative field
caused by the use of 2D monitors. This results in prolonged

Table 1: Comparison of the results between the two
groups based on the video system

Characteristics Group 2D
(n = 9)

Group 3D
(n = 9)

P-values

Age (mean) 64.1 70 0.3
Sex (M/F) 7/2 7/2 –

FEV1 (mean %) 76 104 0.16
DLCO (mean %) 59 67 0.007
Operating theatre duration

time (min)
176.5 145.8 <0.001

Operative blood loss (ml) 238 216 0.74
Morbidity (n) 1 1 -
Mortality (n) 0 0 -
Drainage duration (days) 4.5 3.9 0.2
Lymph node station (mean) 4.5 5.3 0.1
Number of upstaging (n) N1 (1) N1 (2) 0.8

N2 (1) N2 (0) 0.5

Continuous data are presented as means.
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surgical time compared with open thoracotomy lobectomies [9].
Our mean operating time for a 2D VATS lobectomy was similar to
those reported in large series of purely endoscopic lobectomies
[8–10]. After a 10-year experience of 2D VATS lobectomy, our
mean operating time has decreased from 202 min in 2003 [11] to
176 min in 2013. In the last 5 years of our experience with the 2D
video system, we used high definition video system that contribu-
ted to the operating time reduction.

Then after, 3D-HD vision increased the lobectomy completion
speed of 17% in only in a 1-year period, and resulted in a mean
operating time of 145 min. In this series, despite the small sample
size of our two groups, due to the restricted inclusion and exclu-
sion criteria, the reduction of operating time was highly significant
in favour of the 3D-HD system.

The 3D-imaging system improved depth perception, spatial loca-
tion and precision especially during advanced technical man-
oeuvres [6, 7]. The 3D-imaging system also reduced the number of
correctional moves needed, and provided a higher degree of
accuracy during grasping [12]. We noticed that the 3D system
improved the accuracy of vessels and fissure dissection with a reduc-
tion of time needed especially for artery and vein ligation. Similarly
to Sahu and colleagues [13], we noticed that depth perception and
hand-eye coordination were excellent with the 3D imaging system,
leading to accurate and swift dissection. These authors also affirm
that the 3D-HD system offers many advantages of robotic surgery at
low cost and with the use of conventional laparoscopic equipment.
They stated that advantages of 3D laparoscopy were well appre-
ciated in training models as well as during operative procedures.

Completeness of the peribronchial and hilar lymph
node evaluation

Because imaging did not identify the nodal metastases, nodal up-
staging is completely dependent on the efficacy of lymph node re-
section. The prevalence of nodal upstaging is also used as a surrogate
for the completeness of nodal evaluation in the VATS approach [14].
Even with a faster lobectomy performance, our rate of N1 upstaging
in Group 3D suggests that the 3D thoracoscopic approach achieved
similar complete nodal evaluations to that of the 2D thoracoscopy
for patient with clinically stage I primary lung cancer.

CONCLUSION

The future integration of 3D systems should improve the outcomes
and training within the field of thoracoscopic surgery, and enable
more complex resections. It will also help to advance the field of
endoscopically assisted oncological surgery. An efficient 3D system
increases thoracoscopic surgical performance within a shorter time.
The superiority of the 3D system that we noticed need to be con-
firmed using larger, prospective, multi-institutional databases.

Conflict of interest: none declared.
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We read with great interest the article titled "Complete thoracoscopic lobectomy
for cancer: comparative study of three-dimensional high-definition with two-dimen-
sional high-definition video systems", by Bagan et al. [1]. This study demonstrated
that an efficient three-dimensional (3D) display system increases thoracoscopic surgi-
cal performance within a shorter operating time.
Stereoscopic imaging has been developed in an attempt to address one of the

main limitations of thoracoscopic or laparoscopic surgery, which is two-dimensional
(2D) vision. Still, data on the learning curve during adaptation of such technology in
clinical practice are scarce. It is well documented that 3D systems used in robotic
surgery improved the surgical accuracy and patient safety. The use of 3D glasses,
however, has sometimes induced unwanted visual disturbance, nausea or other
ocular symptoms.
Last month, Xu et al. [2] reported that such a 3D surgical system as compared with

2D systems resulted in increment of the visual fatigue, showing statistically significant
differences in blurred vision, dry eyes, eyestrain or headache. On the other hand,
Kyriazis et al. [3] stated that the 3D system offered visual comfort during the proced-
ure, and therefore, the transition from 2D to 3D for the expert surgeon was rapid.
According to Bagan et al., no relevant difficulties occurred during the initial phase.

The complete thoracoscopic lobectomies, however, were performed by the same
person, who is undoubtedly an experienced thoracoscopic surgeon. On the contrary,
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