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Background: Three-dimensional (3D) vision systems are now available for thoracic surgery. It is unclear 
whether 3D video-assisted thoracic surgery (VATS) is superior to 2D VATS systems. This study aimed to 
compare the operative and perioperative data between 2D and 3D VATS lobectomy (VTL) and to identify 
the actual role of 3D VTL in thoracic surgery.
Methods: A two-institutional comparative study was conducted from November 2013 to November 2014 
at Liaoning Cancer Hospital & Institute and the First Affiliated Hospital of Guangzhou Medical University, 
China, of 300 patients with resectable non-small cell lung cancer (NSCLC). Patients were assigned to receive 
either the 3D VATS (n=150) or 2D VATS (n=150) lobectomy. The operative and perioperative data between 
2D VATS and 3D VATS were compared.
Results: Although there was no significant difference between the two groups regarding the incidence of 
each single complication, a significantly less operative time was found in the 3D VATS group (145 min) than 
in the 2D VATS group (176 min) (P=0.006). Postoperative mortality rates in 3D VATS and 2D VATS groups 
were both 0%.No significant difference was found between groups for estimated blood loss (P=0.893), chest 
drainage tube placement time (P=0.397), length of hospital stay (P=0.199), number of lymph nodes resected 
(P=0.397), postoperative complications (P=0.882) and cost of care (P=0.913).
Conclusions: Early results of this study demonstrate that the 3D VATS lobectomy procedure can be 
performed with less operative time. 3D VATS and 2D VATS lobectomy are both safe procedures in first-line 
surgical treatment of NSCLC.
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Introduction

Open thoracotomy and video-assisted thoracoscopic surgery 
(VATS) were performed to treat early stage non-small 
cell lung cancer, metastatic disease, and benign tumors. 
Compared with open thoracotomy, VATS enables a smaller 
incision without removal or stretching of the ribs, avoiding 
injuries to respiratory muscles and thus minimizing the loss 
of lung function (1,2). Moreover, with a smaller incision, 
patients will suffer less pain postoperatively and expectorate 
more easily, reducing the incidence of postoperative 
pulmonary infection and other complications (3). Since 
the early 1990s, traditional two-dimensional (2D) VATS 
has rapidly developed and has been widely applied around 
the world. However, a 2D image lacks depth and can result 
in image distortion, impaired hand-eye coordination, and 
decreased ability to estimate size. The visual information 
gained via binocular vision allows for precise intraoperative 
movement and can therefore affect the operation (4,5). 
Limitations of the 2D system such as depth perception 
and spatial orientation still remain a challenge even for the 
experienced surgeon. Surgeons learn to compensate for the 
these limitations by using 2D cues such as light and shade, 
relative size of organs, organ interposition, texture gradient, 
aerial perspective, and motion parallax (6). With earlier 
generations of 3D endoscopy surgeons indeed reported 
improved depth perception, however, they also reported 
problems with headaches and ocular fatigue (7,8). Now, 
endoscopic procedures can be viewed stereoscopically, the 
surgeon simply wears glasses to create the sense of depth. 
Despite the significant advantages claimed, it is unclear 
whether 3D VATS is superior to 2D VATS systems.

The aim of this study was to compare 3D VATS 
lobectomy with 2D VATS lobectomy in non-small cell lung 
cancer (NSCLC) patients, assessing short-term outcomes 
of perioperative morbidity, postoperative complications, 
oncologic efficacy (number of lymph nodes resected) and 
cost of care.

Materials and methods

Study design

This study was a two-center trial sponsored by the 
Combination Project of Guangdong Province and the 
Ministry of Education (No. 2011B090400ation 478), and 
Natural Science Foundation of Liaoning (No. 2014020103). 
The study was conducted in accordance with the Helsinki 
Declaration. Our institutional review board approved this 

study, and written informed consent was obtained from all 
patients.

Participants

Patients were allocated to 2D and 3D VATS groups. 
Computer-generated block allocation was initiated by a 
data manager in the VATS research group and placed in 
individual sealed envelopes, ensuring that both the surgeon 
and the thoracic research assistant interviewing potential 
candidates for the study were blind to the allocation code. 
Each envelope was opened in front of the patient on entry 
into the study after written informed consent was received. 
All patients undergoing isolated VATS radical resection 
(lobectomy with systematic lymph node dissection) carried 
out by two surgeon groups over a 12-month period were 
included. Patients received pre-operative chest high-
resolution thin-slice enhanced CT scans and pulmonary 
function tests. For those suspected of lung cancer, 
additional upper abdomen CT, head MRI, whole-body 
bone scintigraphy or whole-body PET/CT examinations 
were done to exclude distant metastases.

Indications for VATS lobectomy included: no ipsilateral 
thoracotomy history; no evidence of severe pleural 
adhesions; resectable lesions ≤5 cm; no clinical sign of 
multiple N2 metastases. This series included consecutive 
patients whom preoperative intention was to resect with 
VATS procedure.

Exclusion criteria included: patients with a history of 
neoadjuvant chemotherapy or radiotherapy, procedures 
other than lobectomy, such as wedge, segmentectomy, 
bilobectomy, pneumonectomy, or chest wall resection.

Surgical technique

Surgery was performed by consultant thoracic surgeons 
who had performed at least 2,000 VATS lobectomies. All 
operations were performed by the same group of thoracic 
surgeons in our hospital, both of which have had 3D VATS 
available since July 2013. Our thoracic surgeons have 
similar learning curves for 3D VATS. Each VATS procedure 
was performed via three ports without rib spreading and 
100% monitor vision. Surgical procedures in the 2D group 
were performed using a Karl Stortz system (Karl Stortz 
GmbH & Co. KG, Tuttlingen, Germany). Those in the 
3D group were performed with a Karl Stortz 3D system 
(Karl Stortz GmbH & Co. KG, Tuttlingen, Germany). 
Surgeons wore polarized 3D lenses to view the images on a 
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screen during 3D VATS operations. The video resolution 
of the 2D and 3D systems were equal in this study. A 
30-degree endoscope was used. The patients were intubated 
with double-lumen endotracheal tubes under general 
anesthesia. With patients in a contralateral supine position, 
the upper limb of the affected side was positioned on the 
hand bracket. The observation incision was positioned at 
the level of the seventh or eighth intercostal space on the 
posterior axillary line, with the main manipulative incision 
3 cm to the anterior axillary line as the center. An upper 
lobectomy at the fourth intercostal space and a lower 
lobectomy at the fifth, allowing two surgical tools to be 
introduced or withdrawn simultaneously. The harmonic 
scalpel was operated along with the suturing instrument and 
the aspirator. For the auxiliary, an auxiliary manipulative 
incision measuring approximately 1 cm in length was made 
at the same intercostal space posterior to the posterior 
axillary line as the observation incision. The surgeon stood 
in front of the patient, completing the procedures through 
the manipulative incision by watching the screen without 
using direct visualization or a rib distractor during the 
operation. The veins, arteries, and bronchi were separated 
anatomically, and the lymph nodes in stations 10 and 11 
were dissected. Specimen bags were inserted to remove 
lung tissue, and the mediastinal lymph node dissection was 
subsequently performed again (on the left, stations 4, 5, 6, 7, 
8, and 9; on the right, stations 2, 4, 7, 8, and 9).

Postoperative treatment

Patients in both groups received similar postoperative 
care. Patients were extubated at the end of the procedure 
if physiologically stable, then admitted to the intensive 
care unit, and finally discharged the next day to a general 
surgical ward. Data of postoperative complications were 
collected prospectively, and data regarding tumor size, 
histologic type, and TNM stage were obtained from the 
pathologic records. Pathological staging was performed 
according to the seventh edition of the TNM Classification 
of Malignant Tumours by the International Union Against 
Cancer (UICC) (9).

Outcomes

The primary outcome of this study was operative morbidity. 
Secondary outcomes included oncologic efficacy (number 
of lymph nodes resected), postoperative complications 
and cost of care. Postoperative complications included 

respiratory complications (defined as clinical manifestation 
of pneumonia or bronchopneumonia confirmed by 
computed tomographic scan); cardiovascular complications 
(defined as persistent arrhythmia requiring medical 
treatment); chylothorax (defined as the appearance of milky 
fluid from thoracic drains after onset of enteral nutrition); 
wound infections; and other complications. Postoperative 
mortality was defined as death from any cause.

Care cost analysis

Care costs were reported as averages, and all categories 
were direct costs to the hospital. Indirect costs such as 
management salaries, insurance, utilities, and building 
depreciation were excluded because it was assumed they 
would be similar between groups. Direct hospital cost data 
were collected with the center’s finance group and separated 
into nine distinct categories.

Statistical analysis

We used power analysis and sample-size software to 
calculate the sample size. Previous studies reported 
significantly shorter performance times using 3D systems 
than using 2D systems (6,10,11). Assuming that 10% of 
patients would be lost to follow-up and using a statistical 
power of 80%, we estimated that 140 patients were needed 
for each part of the study. To reduce the proportion of loss 
of follow-up, we included 150 patients for each group. The 
Pearson’s chi-squared test or Fisher exact tests were used to 
compare categorical data and the t-test or Mann-Whitney 
U-test for continuous data. All analyses were performed 
with the statistical package SPSS (SPSS 17.0). A P value of 
less than 0.05 was considered statistically significant.

Results

A total of 300 patients with NSCLC who underwent VATS 
lobectomy with systematic lymph node dissection during 
the 12-month study period were included in the analysis. 
One hundred and twenty-two patients (not meeting 
inclusion criteria or declined to participate) were excluded 
from the analysis (Figures 1,2).

Table 1 displays the demographic characteristics and 
preoperative examination data for patients in the two 
groups. No statistically significant differences were 
observed (hospital, age, sex, smoking status, tumor size and  
tumor site).
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Table 2 summarizes the findings in the two study groups. 
Operative mortality did not differ significantly between the 
two cohorts (0 of 150 in the 3D VATS group vs. 0 of 150 
in the 2D VATS group). No significant differences existed 
between 3D and 2D VATS systems for estimated blood loss 
(P=0.798), conversion to open surgery (P=0.751), number of 
times bleeding occurred (P=0.684), number of lymph nodes 
resected (P=0.168), drainage duration (P=0.413), hospital 
stay (P=0.213) and postoperative complications (P=0.882). 

Postoperative complications occurred in 56 patients. The 
mean operative time in the 3D-VATS group (145 minutes) 
was significantly lower in the 2D group (176 minutes) in the 
2D-VATS group (P=0.006).

Table 3 lists the pathological diagnoses of the excised 
lesions. The histological types of the lesions resected and 
pathological TNM staging in the two groups were similar, 
with no significant differences.

Differences in the nine cost categories are illustrated in  

Figure 1 Flow chart of the study. Lung cancer patients underwent VATS lobectomy between November 2013 and November 2014. VATS, 
video-assisted thoracoscopic surgery; 3D, three dimensional; 2D, two dimensional; NSCLC, non-small cell lung cancer.

Assessed for eligibility (n=422)

Allocated (n=300)

Assigned to 3D VATS system (n=150) Assigned to 2D VATS system (n=150)

Analysed (n=150)Analysed (n=150)

Excluded (n=122)
Not meeting inclusion criteria (n=105)
Declined participation for another reasons 
(n=17)

Figure 2 Operating room set-up. (A) Three port placement with 30° 3D optic Karl Storz® Tuttlingen; (B) 3D screen with endothoracic vision.

A B
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Table 4. The operating room, ward room and staplers 
were the three main drivers of cost for all modalities. No 
statistically significant differences were found in each cost 
categories and total cost (P=0.913).

Discussion

In recent years, VATS has been associated with highly 
satisfactory results. An increasing body of evidence 
suggests that perioperative outcomes of this minimally 
invasive technique are better than those of conventional 
open thoracotomy. Several  studies have reported 
reduced incidences of arrhythmia, pneumonia, pain, and 
inflammatory markers (12-15). It is important for general 

thoracic surgeons to understand the relationship between 
tumors and surrounding organs during surgery; however, 
many anatomical variations are possible in the thorax, which 
can complicate this goal. The lack of depth perception and 
spatial orientation when using traditional 2D imaging is 
a recognized limitation of minimally invasive surgery in 
comparison with open surgery (16). VATS has been proven 
to be beneficial when it comes to morbidity and patients’ 
post-operative quality of life (17). To improve operative time 
and surgical performance, 2D vision uses monocular cues to 
compensate for the lack of depth perception. They include 
motion parallax through movement of the VATS, relative 

Table 1 Basic patient characteristics and clinical data

Characteristic

Groups, No. (%)

P value3D-VATS 

(n=150)

2D-VATS 

(n=150)

Hospital* 0.564

LNCH&I 71 (47.33) 77 (51.33)

GMU1H 79 (52.67) 73 (48.67)

A (years) 0.643

≤60 66 (44.00) 71 (47.33)

>60 84 (56.00) 79 (52.67)

Sex 0.907

Female 64 (42.67) 62 (41.33)

Male 86 (57.33) 88 (58.67)

Smoking status 0.720

Never 52 (34.67) 56 (37.33)

Former, quit >30 d 41 (27.33) 35 (23.33)

Active smoker 57 (38.00) 59 (39.33)

Tumor size (cm) 0.729

≤3 72 (48.00) 76 (50.67)

>3 78 (52.00) 74 (49.33)

Tumor site 0.982

Upper lobe of left lung 44 (29.33) 46 (30.67)

Lower lobe of left lung 18 (12.00) 17 (11.33)

Upper lobe of right lung 36 (24.00) 39 (26.00)

Middle lobe 14 (9.33) 12 (8.00)

Lower lobe of right lung 38 (25.33) 36 (24.00)

*, LNCH&I, Liaoning Cancer Hospital & Institute; GMU1H, 

The First Affi l iated Hospital of Guangzhou Medical 

University. VATS, video-assisted thoracoscopic surgery.

Table 2 Postoperative outcomes

Outcome

Groups, No. (%)

P value3D-VATS 

[n=150]

2D-VATS 

[n=150]

Intraoperative date

Operative time, mean 

[SD], (min)

145 [57] 176 [59] <0.01

Blood loss, mean [SD], 

(mL)

120 [177] 116 [158] 0.798

Conversion to open 

surgery

4 (2.67) 6 (4.00) 0.751

Bleeding occurred 2 (1.33) 4 (2.67) 0.684

Lymph nodes resected, 

median [range]

17 [8-47] 16 [9-51] 0.168

Drainage duration, 

median [range], (d)

4 [1-8] 4 [1-9] 0.413

Drainage amount, mean 

[SD], (mL)

782 [509] 769 [467] 0.893

Hospital stay, median, 

[range], (d)

7 [4-19] 8 [5-21] 0.213

Postoperative complications

Pulmonary infection 8 (5.33) 7 (4.67) >0.99

Cardiac complication 5 (3.33) 7 (4.67) 0.776

Bleeding 2 (1.33) 4 (2.67) 0.684

Atelectasis 5 (3.33) 4 (2.67) >0.99

Chylothorax 4 (2.67) 3 (2.00) >0.99

Vocal cord paralysis 2 (1.33) 3 (2.00) >0.99

Wound infection 1 (0.67) 1 (0.67) >0.99

Mortality 0 0

Total 27 (18.00) 29 (19.33) 0.882

VATS, video-assisted thoracoscopic surgery.   
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position and size of instruments and anatomic structures, 
shading of light and dark, and texture grading (18,19). 
Conversely, 3D vision offers the advantage of improved 
depth perception and accuracy comparable to open  
surgeries (20). Visual performance and motor skills 
are a function of depth perception allowing improved 
discrimination and recognition of targeted organs and 
their parts (21). The separate input from two viewpoints 
allows for summation on a cortical level and perceived 
improvements in resolution with 3D imaging (22). Acuity 
has been improved by 10% using binocular vision (23).  
Although 3D visualization is intuitively considered 

an important and contributing factor for improved 
performance during laparoscopic surgery, publications 
comparing 2D and 3D vision in the last two decades have 
reported contradictory results (4,8,19,24-28). The 3D 
imaging system with stereoscopic vision addresses many 
of the disadvantages of 2D imaging. The lack of depth 
perception (with 2D) imaging is a clear handicap during 
the initial learning curve. The reduction in dexterity with 
the currently available instruments remains a drawback of 
traditional minimally invasive surgery. While the 3D system 
affords many advantages, in its current iteration it presents 
a smaller field of view and a wider scope diameter than 2D 
systems. The limitations of 3D visualization include its 
sporadic availability, and the need for extra eyewear.

Up to now, just one study on 3D VATS has been 
reported (29). They stated that the use of 3D VATS system 
reduced the surgical time (by 17%). Our surgical time was 
similar to this smaller sample size (only 18 patients) study. 
3D VATS was preferred by the operating surgeons for 
lung tumor resection. Mostly because the depth perception 
provided by the 3D imaging system, aided visualization 
of critical vascular relationships and multiple tissue layers, 
such as the bronchi, mediastinal structures, esophagus and 
thoracic duct. Converting from the 3D to the 2D system 
was not necessary during any of the operations in our study. 
Although we did not objectively assess adverse effects in 
the surgeons, no surgeons reported nausea or headaches. 
Based on the short-term results of the 150 patients who 
underwent the 3D-VATS technique, we believe that 3D 
VATS and 2D VATS lobectomy are both safe procedures 
with low operative mortalities. Although bleeding occurred 
in two patients, it was well controlled endoscopically 
without requiring blood transfusion. Our results show that 
lung resection with 3D VATS system was associated with 
significantly shorten operative time than with 2D VATS, 
but there was no significant decrease in blood loss, duration 
of chest tube drainage, length of hospital stay, postoperative 
and complications. The cost of care between 2D VATS and 
3D VATS are similar.

Although thoracic surgeons having equivalent equipment 
and similar surgical skills performed VATS, our results 
should be interpreted cautiously because of the selection of 
the relatively less complicated patients for VATS at an early 
phase. All surgeons reported that they had better depth 
perception using the 3D system. 3D VATS can provide 
better sense of depth to facilitate precise operation and, in 
turn, shorten the operation time. We observed a decreasing 
time of operation within the 3D VATS group after 

Table 4 Comparison of cost categories

Cost categories* 3D VATS 2D VATS P Value

Operating room 3,416.95 3,248.94 0.237

Ward 2,230.96 2,453.27 0.855

Intensive care unit 909.09 799.96 0.701

Staplers 2,005.48 2,059.58 0.711

Surgical supplies 1,572.54 1,500.91 0.357

Laboratory 297.99 256.05 0.183

Pharmacy 480.00 447.29 0.611

Imaging 526.63 563.32 0.497

Other 47.09 58.90 0.541

Total cost 11,486.73 11,388.21 0.913

*, All costs shown in United States dollar (USD), $.

Table 3 Histological parameters

Characteristic

Groups, No. (%)

P value3D-VATS  

(n=150)

2D-VATS  

(n=150)

Histology 0.649

Adenocarcinoma 84 (56.00) 86 (57.33)

Squamous cell 51 (34.00) 47 (31.33)

Adenosquamous 5 (3.33) 9 (6.00)

Others 10 (6.67) 8 (5.33)

Pathological TNM staging 0.727

Ia 50 (33.33) 44 (29.33)

Ib 32 (21.33) 36 (24.00)

IIa 18 (12.00) 22 (14.67)

IIb 30 (20.00) 24 (16.00)

IIIa 20 (13.33) 24 (16.00)

VATS, video-assisted thoracoscopic surgery.
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experienced surgeons gained more 3D VATS experience. 
Our preliminary data supports the use of 3D-VATS as 
an alternative to the traditional 2D system. In summary, 
there is no evidence that 3D VATS is less safe than 2D 
VATS for resection of NSCLC. Thus, 3D-VATS systems 
should improve minimally invasive surgery, and enable 
more complex resections to be performed in the future. It 
would be reasonable for surgeons to investigate using 3D to 
perform VATS lobectomy, as it may confer advantages for 
some surgeons.
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