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ABSTRACT
Purpose: The use of three-dimensional (3D) thoracoscope provides improved depth 
perception and accuracy in video-assisted thoracoscopic surgery (VATS). This study 
aimed to compare the surgical outcomes between two-dimensional (2D) and 3D VATS 
lobectomy for stage I lung cancer.
Methods: From January 2013 to May 2018, 354 patients underwent VATS lobectomy 
and mediastinal lymph node dissection for clinical stage I lung cancer. The 3D VATS sys-
tem was introduced in July 2016 in our center. A total of 182 patients underwent 2D 
VATS lobectomy from January 2013 to June 2016, and 172 patients underwent 3D VATS 
lobectomy from July 2016 to May 2018. 
Results: The thoracotomy conversion rate was lower (1.2% vs. 6.4%, P=0.011) in the 3D 
VATS group than in the 2D VATS group. Operation time (mean: 119.0 minutes vs. 151.4 
minutes, P<0.001), operative blood loss (median: 100 mL vs. 150 mL, P<0.001), and 
length of hospital stay after surgery (median: 5 days vs. 6 days, P<0.001) were signifi-
cantly lower in the 3D VATS group than in the 2D VATS group. A higher number of lymph 
nodes was resected in 3D VATS (mean: 15.9 vs. 13.8, P=0.006). No significant difference 
was observed between 3D and 2D VATS in terms of operative complications (Cla-
vien-Dindo classification grade ≥1; 14.7% vs. 14.6%, P=0.322). None of the patients 
died postoperatively.
Conclusion: Our retrospective data showed that the 3D thoracoscope had better surgi-
cal outcomes than 2D thoracoscope for VATS lobectomy in patients with clinical stage I 
lung cancer.
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INTRODUCTION

Thoracic surgery has traditionally been performed with open-thoracotomy incision and has 
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rapidly developed into video-assisted thoracoscopic surgery 
(VATS) in the last 20 years. VATS is less invasive than the con-
ventional thoracotomy approach and causes less trauma to 
the respiratory muscles. Therefore, VATS is less painful and 
has a quicker recovery time, and it reduces postoperative pul-
monary function impairment and eventually reduces pulmo-
nary complications [1,2]. Thus, two-dimensional (2D) VATS 
technology has been widely applied worldwide and has be-
come a standard surgery for lung cancer.
 However, the 2D image lacks depth, which may result in 
image distortion, impaired hand and eye coordination, and 
reduced ability to estimate size. As emerging imaging sys-
tems and techniques, three-dimensional (3D) VATS and ro-
bot-assisted thoracic surgery (RATS) have been developed. 
However, the RATS is extremely expensive and has limita-
tions; thus, it is only used in large centers.
 The 3D video systems are not as expensive as RATS and are 
easily applicable to small centers. It offers the advantage of 
improved depth perception and accuracy compared with 2D 
VATS [3]. The 3D video systems were first used in cholecys-
tectomy and then expanded to other types of surgeries, 
which include colon resections, hernia repairs, hysterecto-
mies, and urologic and prostate surgeries [4]. Since such sys-
tems have recently been applied in thoracic surgery and 
have been used for a short period of time, there is no consen-
sus regarding its outcomes. 
 This study compared the safety of the surgery, postopera-

tive complications, duration of surgery, and oncologic effica-
cy with 3D and traditional 2D VATS for stage I lung cancer.

METHODS

Patient selection and study design
The 3D VATS system was introduced in July 2016 in our cen-
ter. We designed this study to compare the surgical outcomes 
of patients who underwent 3D and 2D VATS before the intro-
duction of the 3D VATS technique. The records of all patients 
(n=377) who underwent VATS lobectomy for stage I non-
small cell lung cancer (NSCLC) by a single surgeon between 
January 2013 and May 2018 at the Samsung Medical Center 
were reviewed. We excluded 23 patients who underwent se-
lective lymph node dissection, lymph node sampling, bilat-
eral operation, or joint operation. In addition, 13 patients 
whose surgeries were converted to thoracotomy were not in-
cluded. The reasons for such conversions were severe pleural 
adhesion, presence of anthraco-fibrotic lymph node, or ex-
tranodal invasion by a tumor (Supplementary Table 1).
 After applying the exclusion criteria, 341 patients were en-
rolled in the study. Before the introduction of the 3D VATS 
technique, 2D VATS lobectomy was performed on 171 pa-
tients between January 2013 and June 2016. A total of 170 
3D VATS lobectomies were performed between July 2016 
and May 2018. We compared the surgical outcomes of 3D 
VATS to those of 2D VATS (Fig. 1).

Fig. 1. Study populations. VATS, video-assisted thoracoscopic surgery; MLND, Mediastinal Lymph Node Dissection; NSCLC, non-small cell 
lung cancer; 2D, two-dimensional; 3D, three-dimensional; LN, lymph node.

From January 2013 to May 2018, 354 patients
underwent VATS lobectomy and MLND for stage I NSCLC (7th)

January 2013 to June 2016, 
2D VATS lobectomy: 

198 patients
Selective LN 

Dissection (n=1), 
LN sampling (n=3), 
Not done (n=2), 
Bilateral (n=2),  
Joint operation (n=8)

Conversion to 
thoracotomy  
(n=11, 6.4%)

Conversion to 
thoracotomy 
(n=2, 1.2%)

Selective LN 
Dissection (n=5), 
LN sampling (n=2)

182 Patients

171 Patients

172 Patients

170 Patients

July 2016 to May 2018, 
3D VATS lobectomy: 

179 patients



71https://doi.org/10.23838/pfm.2020.00044

Tae Ho Kim, et al.

Surgical technique
All patients received general anesthesia with double-lumen 
endotracheal tube intubation and were placed in the lateral 
decubitus position, and single-lung ventilation was applied. 
The operator stood on the right side of the patient, and two 
assistants stood on the left side. The assistant rotated the 
camera 90° toward the operator, providing the assistants on 
the left side the same view as during an open thoracotomy. 
The operator watched another monitor rotated 180° to per-
form the surgery, with the same view as during open thora-
cotomy. In addition, similar surgical instruments were used 
for 3D and 2D VATS. Similar to when 3D surgery was started, 
the energy device (Thunderbeat, Olympus, Tokyo, Japan) 
was used more frequently.
 The single-port VATS was always initiated with a mid-axil-
lary 12-mm incision at the fifth intercostal space for pleural 
exploration. After an initial exploration of the pleural cavity 
through this incision with a 12-mm 30° thoracoscope, the 12-
mm incision was extended to a 3.5 to 5-cm incision at the 
mid-axillary line. Furthermore, 12-mm incisions at the 
mid-axillary line at the seventh intercostal spaces were add-
ed for the bi-port VATS lobectomy. In 3D VATS, we usually use 
the Karl Storz (KARL STORZ GmbH & Co. KG, Tuttlingen, Ger-
many) equipment consisting of 10-mm, 30° viewing angle 3D 
video thoracoscope with a 3D fiber optic cable.
 In both groups, a wound protector (Endo Keeper, medium, 
Nelis, Bucheon, Korea) was applied, and anatomical resec-
tion of the veins, arteries, and bronchi was performed. Radi-
cal mediastinal lymph node dissection was routinely per-
formed in the same manner in both groups. Once the opera-
tion was completed, a single chest tube was inserted into the 
anterior part of the incision for single port VATS and through 
the port at the seventh intercostal space for bi-port VATS. The 
details of the surgical techniques have been previously de-
scribed by Chung et al. [5].

Data acquisition
Clinical information of all patients, including pulmonary 
function test results, operation time, volume of intraopera-
tive bleeding, number of dissected lymph nodes and sta-
tions, the American Society of Anesthesiologists (ASA) Risk 
Scale score, hospitalization time after surgery, and complica-
tions, was collected. Intraoperative bleeding was visualized 
by an anesthesiologist in the suction bottle at the end of the 
operation. Data were based on the information from the 
medical records of the Samsung Medical Center. Histological 
type was established according to the World Health Organi-

zation classification of lung cancer. TNM stage was deter-
mined according to the American Joint Committee on Can-
cer staging system, 7th edition. The study proposal was ap-
proved by the ethics committee of Samsung Medical Center, 
which waived the need for informed consent (Institutional 
Review Board no. SMC 2020-01-080-001).

Statistical analysis
In the univariate analysis (age, sex, ASA class, clinical T stage, 
tumor location, pulmonary function test, histology, number 
of VATS port, complication rate, and re-operation rate), Fish-
er’s exact test was used for comparisons between the 2D and 
3D VATS. The Mann-Whitney U tests were used to evaluate 
data sets with continuous variables (operation time, estimat-
ed blood loss [EBL], and length of hospital stay). Continuous 
data were presented as the mean±standard deviation. Cate-
gorical variables were presented as frequency and percent-
ages. Differences among the groups were examined using a 
two-way analysis of variance for continuous and categorical 
variables. A P<0.05 was considered statistically significant. 
Statistical analyses were performed with the SPSS software 
version 25 for Windows (IBM Co., Armonk, NY, USA).

RESULTS 

Clinical findings
The prevalence of severe adhesion (diffuse and tight) was 
similar in 3D VATS group (11/182 [7.6%]) and 2D VATS group 
(13/172 [6.0%]) (P=0.318). The thoracotomy conversion rate 
was lower (1.2% vs. 6.4%, P=0.011) in 3D VATS than in 2D 
VATS. After applying the exclusion criteria, 171 patients re-
mained in the 2D VATS group and 170 in the 3D VATS group. 
Diffusing capacity (DLCO) was significantly poorer (93.2% vs. 
89.1%, P=0.024) in 3D VATS than in 2D VATS. In terms of ASA 
risk scale score, the 3D VATS group had a higher score than 
the 2D VATS group (P=0.008). No other statistically signifi-
cant differences were observed. The demographic character-
istics of the patients are presented in Table 1.

Pathological findings
The total number of separately resected lymph nodes (13.8 
vs. 15.9, P=0.006) and the number of resected N2 lymph 
nodes (8.6 vs. 9.9, P=0.0.035) significantly differed between 
the groups.

Perioperative outcomes
No in-hospital deaths or 90-day mortality was observed in ei-
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ther group. Operation time (mean: 119.0 minutes vs. 151.4 
minutes, P<0.001), operative blood loss (median: 100 mL vs. 
150 mL, P<0.001), and length of hospital stay after surgery 
(median: 5 days vs. 6 days, P<0.001) were significantly lower 
in the 3D VATS group than in the 2D VATS. The operation time 
was further scrutinized to determine the confounding impact 
from the enhancement of the surgical skill (Supplementary 
Fig. 1). There was no significant difference of operation time 
within the early-and late-subgroups of 2D VATS and 3D VATS, 
whereas a significant reduction of operation time was con-
firmed after the introduction of 3D VATS (P<0.001). No signif-

icant difference was observed between 3D and 2D VATS in 
terms of operative complications (Clavien-Dindo classifica-
tion Grade ≥1; 14.7% vs. 14.6%, P=0.322) (Table 2).

DISCUSSION

In this retrospective study of 341 patients with clinical stage I 
NSCLC, the 3D thoracoscope provided better surgical out-
comes than 2D thoracoscope for VATS lobectomy. Based on 
the result of the surgery in the two groups with similar base-
line clinical characteristics using different video systems, the 
3D VATS group had a higher number of resected lymph nodes 
(Supplementary Table 2), lower operative blood loss, re-
duced operative time, and quicker recovery time than the 2D 
VATS group. No significant differences were observed be-
tween the two groups in terms of complications and acute 
phase postoperative outcomes. 
 In actual clinical practice, the extent of lymph node dissec-
tion in early-stage NSCLC cases may be different from that of 
advanced stage cases. Metastasis of tumor cells through the 
pathway of lymph drainage to the regional lymph nodes is 
rare during the early stage [6]. Considering the results of the 
lobe-specific patterns of nodal metastases, the concept of 

Table 2. Operative and postoperative outcomes of VATS lobectomy 
and mediastinal node dissection   

Variable
2D VATS 
(n=171)

3D VATS 
(n=170)

P-value

VATS port  <0.001

   Single 43 (25.1) 18 (10.6)

   Bi 53 (31.2) 151 (88.8)

   Tri 75 (43.9) 1 (0.6)

Operation time (min) 151.4±40.8 119.0±35.3 <0.001

Estimated blood loss (mL) 150 (100–200) 100 (50–113) <0.001

Lymph node dissection

   Total resected (separately) 13.8±7.1 15.9±7.2 0.006

   N2 resected 8.6±5.7 9.9±5.6 0.035

   Examined N2 station 2.8±0.8 3.0±0.8 0.025

Hospital stay (day) 6 (4–8) 5 (4–7) <0.001

Complication (grade ≥1) 25 (14.6) 25 (14.7) 0.982

Re-operation 1 (0.6) 2 (1.2) 0.623

In-hospital death 0 0 1.000

Values are presented as number (%), mean±standard deviation, or 
median (range).   
VATS, video-assisted thoracoscopic surgery; 2D, two-dimensional; 
3D, three-dimensional. 

Table 1. Characteristics of patients undergoing VATS lobectomy 
and mediastinal lymph node dissection 

Characteristic
2D VATS 
(n=171)

3D VATS 
(n=170)

P-value

Age (yr) 61.7±8.7 60.9±9.0 0.396

Sex, male:female (female %) 82:89 (52.1) 82:88 (51.8) 0.959

ASA class 0.008

   1 44 (25.7) 37 (21.8)

   2 125 (73.1) 119 (70.0)

   3 2 (1.2) 14 (8.2)

Clinical T stage 0.198

   T1a 62 (36.3) 47 (27.7)

   T1b 57 (33.3) 69 (40.3)

   T2a 52 (30.4) 54 (31.8)

Tumor location 0.270

   LUL 46 (26.9) 38 (22.4)

   LLL 32 (18.7) 23 (13.5)

   RUL 44 (25.7) 57 (33.5)

   RML 15 (8.8) 11 (6.5)

   RLL 34 (19.9) 41 (24.1)

Pulmonary function test

   FEV1 94.5±14.0 91.7±14.6 0.072

   FEV1/FVC 75.4±8.1 75.0±8.7 0.682

   DLCO 93.2±16.1 89.1±17.0 0.024

Histology 0.104

   Adenocarcinoma 150 (87.7) 149 (87.6)

   Squamous cell carcinoma 14 (8.2) 13 (7.7)

   Etc. 7 (4.1) 8 (4.7)

Values are presented as mean±standard deviation or number (%). 
VATS, video-assisted thoracoscopic surgery; 2D, two-dimensional; 3D, 
three-dimensional; ASA, American Society of Anesthesiologists; LUL, 
left upper lobe; LLL, left lower lobe; RUL, right upper lobe; RML, right 
middle lobe; RLL, right lower lobe; FEV1, forced expiratory volume in 
1 second; FVC, forced vital capacity; DLCO, diffusing capacity.
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selective lymph node dissection was proposed [7-9].
 Several reports have shown that selective lymph node dis-
section or lymph node sampling at an early stage is favorable 
for disease-free survival and overall survival compared with 
complete lymph node dissection [10-14]. Because the num-
ber of complications may increase when aggressive and ex-
tensive dissection of the lymph nodes is performed in pa-
tients with early-stage lung cancer, such as pure ground glass 
opacity, there is a concern regarding whether systematic 
complete lymph node dissection should be performed if the 
adhesion is severe and node dissection is challenging to per-
form. The proposed optimal number of lymph nodes to be 
dissected to prevent staging errors have been shown in other 
studies [9,15]. In this study, the number of separately resect-
ed lymph nodes was 13.8 in 2D VATS and 15.9 in 3D VATS, and 
the optimal number of lymph nodes dissected was similar to 
that of other studies.
 Results of previous comparisons of 3D and 2D VATS showed 
no difference in terms of postoperative complications, EBL, 
and number of harvested lymph nodes [16,17]. The only signif-
icant difference in most studies was in terms of the reduced 
operation time. The results of this study were slightly different. 
 In comparison of the patient groups, most conditions are 
similar, but 3D VATS group was poorer because DLCO is sta-
tistically significantly lower. The surgical procedures were 
similar. However, the number of ports was slightly different 
depending on the surgical time. 2D VATS was performed with 
single and tri-port (69%), but most 3D VATS were performed 
with bi-port (88.8%) and single and tri-ports (11.2%). The to-
tal number of separately resected lymph nodes was 13.8 in 
2D VATS and 15.9 in 3D VATS. In addition, the number of re-
sected N2 and examined N2 stations significantly increased. 
Using the 3D video system, lymph node dissection was less 
challenging to perform, and a more extensive dissection can 
be carried out in a shorter period of time.
 Unlike in other reports, EBL also decreased (150 mL vs. 100 
mL). This could be attributed to the effect of an energy de-
vice (Thunderbeat) used at the same time as the 3D VATS. 
 Subgroup analysis was performed to reduce errors due to 
differences in the number of ports. The demographic charac-
teristics of the patients are presented in Supplementary Ta-
ble 3. No statistically significant differences were observed 
between two groups. The surgical outcome of the subgroup 
analysis still showed a significant difference in operation 
time, EBL and hospital stay. However, the advantage in a re-
sected number of lymph node dissections identified in the 
entire 3D VATS group disappeared (Supplementary Table 4).

 Despite these advantages, patients who underwent 3D 
VATS initially presented with headache and ocular fatigue 
[18]. These problems have recently improved with the use of 
3D glasses. 3D imaging improves depth perception, spatial 
location, and precision of the surgical performance particu-
larly during advanced technical maneuvers [19].
 In conclusion, our retrospective data showed that the 3D 
thoracoscope had better surgical outcomes than 2D thoraco-
scope for the treatment of early-stage lung cancer. Further 
studies comparing the benefits and indications of 3D VATS 
lobectomy must be conducted.
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