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Background: Three-dimensional (3D) laparoscopy has the advantages and characteristics of 

more radical procedures in the treatment of gastric cancer. The objective of this research was 

to investigate the short-term efficacy and safety of 3D laparoscopic procedures in the treatment 

of advanced distal gastric cancer.

Methods: We retrospectively analyzed the clinical data of 124 patients treated with 3D and 

two-dimensional (2D) laparoscopic D2 lymphadenectomy for distal gastric cancer at the China 

Academy of Medical Sciences Cancer Hospital and the Affiliated Cancer Hospital of Guangxi 

Medical University from January 2014 to January 2015. The effects on operative time, bleeding, 

hospitalization time, complications, and the number of lymph nodes removed were analyzed.

Results: The difference between the general data of the two groups was not statistically 

significant (P.0.05). In analysis of the subgroups, the number of lymph nodes removed in the 

3D laparoscopic group was significantly higher than in the 2D laparoscopic group ([2.52±1.88] 

vs [2.22±1.80], P=0.001; [2.22±1.80] vs [1.47±1.99], P=0.019). However, the differences 

among the total number of lymph nodes removed, operative time, intraoperative blood loss, 

intraoperative complications, postoperative complications, postoperative recovery time, and 

postoperative hospital stay were not statistically significant.

Conclusion: 3D laparoscopic-assisted radical gastrectomy for distal advanced gastric cancer 

is safe and feasible.

Keywords: laparoscopic gastrectomy, D2 lymphadenectomy, gastric neoplasm, imaging, 

3D laparoscopy

Introduction
Laparoscopic procedures for early gastric cancer were first reported by Kitano et al1 

in 1994. Since then, laparoscopic gastrectomy for cancer has been used worldwide 

because of its remarkable advantages of being a minimally invasive procedure and hav-

ing a radical effect similar to that of open procedures.2–7 Perigastric vascular anatomy is 

complicated, and often a wide range of gastric cancer lymph nodes must be removed. 

However, lymphoscintigrams are displayed as planar images in two-dimensional (2D) 

laparoscopic procedures. Therefore, performing perigastric lymphadenectomy can be 

difficult, requiring surgeons who have extensive experience in procedures and excellent 

operating skills. With the development of the laparoscopic technique, three-dimensional 

(3D) laparoscopy has overcome the shortcomings of traditional laparoscopic proce-

dures and now provides surgeons with 3D visions. Generally, 3D laparoscopy has the 

advantages and characteristics of radical gastric cancer procedures. This study aimed 
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to investigate the feasibility and short-term effects of 3D 

laparoscopic-assisted radical gastrectomy for distal advanced 

gastric cancer.

Methods
Patients
This study was approved by the Institution Review Board of 

Guangxi Medical University, and written informed consent 

was obtained from each patient. The clinical data were col-

lected from patients treated with 3D and 2D laparoscopic 

D2 lymphadenectomy for distal gastric cancer in the Chinese 

Academy of Medical Sciences Cancer Hospital and the 

Affiliated Cancer Hospital of Guangxi Medical University 

from January 2014 to January 2015. All the patients under-

went gastroscopy before surgery, and their pathological 

diagnosis was adenocarcinoma of the stomach. They also 

underwent chest X-ray and abdominal and pelvic computer-

ized tomography staging. The inclusion criteria were as fol-

lows: 1) 20–70 years of age; 2) preoperative imaging showing 

no distant metastasis; 3) tumor diameter ,10 cm; 4) no major 

blood vessels fused or encased by lymph node metastasis 

and/or tumor not extensively infiltrated with surrounding 

tissues and organs; 5) signed patient informed consent; and 

6) patient able to tolerate surgical treatment under normal 

circumstances. The exclusion criteria included the following: 

1) distant metastasis; 2) presence of underlying diseases that 

would make the patient intolerant of a laparoscopic pneumo-

peritoneum; 3) previous abdominal procedures; 4) previous 

malignant tumors; 5) previous radiotherapy or chemotherapy; 

6) dysfunction of coagulation, hypoproteinemia, anemia, 

or diabetes mellitus; and 7) refusal to sign informed con-

sent. Pathological staging was based on the staging criteria 

for gastric cancer published in the 2016 American Joint 

Committee on Cancer Staging Manual, 8th edition.

One month after the operations, postoperative recovery 

of the patients was assessed by telephone follow-up calls 

and clinical follow-ups.

Methods
The 3D group used the Olympus HD 3D laparoscopic sur-

gery system, and both the surgeons and assistants wore 3D 

glasses. The 2D group used the Olympus HD laparoscopic 

procedures system. The two groups used the same surgical 

method.8 Tracheal intubation and intravenous injections of 

medications were performed to achieve anesthesia, and the 

patients were positioned supine. A five-trocar technique 

was used. Pneumoperitoneum pressure was maintained 

at 12–15 mmHg, and distal gastrectomy was performed 

according to the location of the tumor. Standard D2 lymph-

adenectomy was performed according to the lymph node 

stations and dissection range stipulated by the 14th edition of 

the Japanese Gastric Cancer Treatment Protocol.9 For patients 

with distal gastrectomy, the anastomosis was conducted using 

either using Billroth I or Billroth II anastomosis.

The observation index included the total number of 

lymph node dissections and the number of lymph nodes in 

subgroup 1, subgroup 3, subgroup 4d, subgroup 4sa, sub-

group 4sb, subgroup 6, subgroup 7, subgroup 8a, subgroup 9, 

subgroup 11p, and subgroup 12a. The pathological results 

were final. The operative time, amount of bleeding, and 

postoperative complications were observed and recorded.

Data analysis
Statistical data were analyzed using SPSS version 24.0 (SPSS 

Inc., Chicago, IL, USA). The independent sample t-test was 

used to compare the means of the two groups. Enumeration 

data were verified by the χ2 test, and P,0.05 was considered 

statistically significant.

Results
general data
The Affiliated Cancer Hospital of Guangxi Medical University 

introduced the 3D laparoscopic system in October 2014. Prior 

to that, patients would undergo 2D laparoscopic procedures. 

This study enrolled 124 patients, including 60 cases from the 

3D laparoscopic group and 64 cases from the 2D laparoscopic 

group. The detailed clinical data of the two groups of patients 

are shown in Table 1.

Table 1 comparison of general data between the two groups

Group 3D group 
(60 cases)

2D group 
(64 cases)

Statistical 
value

P-value

gender (case) χ2=1.14 0.736
Male 42 43
Female 18 21

age (x ± s) 55.89±10.17 55.53±12.47 t=172 0.864

Body mass index 
(kg/m2 x ± s)

23.28±3.46 23.48±2.98 t=-0.348 0.728

asa χ2=1.106 0.575

level i 5 6
level ii 54 58
level iii 1 0
level iV 0 0
level V 0 0
level Vi 0 0

Abbreviations: 2D, two-dimensional; 3D, three-dimensional; ASA, American 
society of anesthesiologists.
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Operation
The mean operative time for the 3D laparoscopic group was 

181.03±36.76 min, and for the 2D laparoscopic group it 

was 191.47±47.19 min. No significant difference was found 

between the two groups (P=0.171) with regard to opera-

tive time. The amount of bleeding in the 3D laparoscopic 

group was 160.83±150.66 mL, while in the 2D group it was 

170.31±147.49 mL. No statistical difference was observed 

between the two groups (P=0.724). The 3D laparoscopic 

group reported one case of pancreatic injury, and the 2D lap-

aroscopic group reported one case of splenic artery injury, one 

case of common hepatic artery injury, and one case of portal 

vein injury. Although no statistical difference (P=0.341) was 

found between groups, it seemed that complications tended to 

be less in the 3D laparoscopic group. No significant difference 

was observed between the two groups (P=0.396). Details of 

the intraoperative data are shown in Table 2.

Postoperative recovery and 
postoperative complications
The patients in the 3D and 2D laparoscopic groups started 

to pass gas 2.91±1.48 days and 3.29±0.67 days after their 

operations, respectively. No statistical difference was found 

between the two groups (P=0.065). The length of hospital 

stay was 12.08±3.47 days and 12.72±5.64 days for the 

3D and 2D laparoscopic groups, respectively, and no statisti-

cally significant difference was observed (P=0.052).

Postoperative gastroparesis occurred in one patient from 

the 3D laparoscopic group and one patient from the 2D lap-

aroscopic group. These patients were relieved after conserva-

tive treatment and were discharged 24 days and 22 days after 

the operations, respectively. In the 3D laparoscopic group, 

pancreatic leakage occurred in one patient, and it was cured 

10 days after octreotide treatment. In the 2D laparoscopic 

group, one patient had postoperative intraperitoneal bleed-

ing, and one patient had duodenal and duodenal anastomotic 

leakage. They were cured at 10 and 19 days after conserva-

tive treatment, respectively. Although there was an increase 

in the number of postoperative complications observed in 

the 2D laparoscopic group compared with the 3D laparo-

scopic group, no statistically significant difference was 

found between the two groups. The details of postoperative 

recovery are shown in Table 3.

Postoperative pathological staging
No statistically significant difference was found in T staging 

and N staging between the two groups (Table 3). The aver-

age number of lymph nodes detected in each patient in 

the 3D laparoscopic group was 37.36±14.78, and in the 

2D laparoscopic group it was 33.03±12.65. No statistically 

significant difference was observed between the two groups 

(P=0.081). The average number of positive lymph nodes 

detected in lymph node-positive patients in the 3D laparo-

scopic group was 3.32±6.42 and in the 2D laparoscopic group 

was 5.00±8.57. No statistically significant difference was 

found between the two groups (P=0.221). However, analysis 

of the subgroups revealed that the number of lymph nodes 

in subgroup 11p and subgroup 8a of the 3D laparoscopic 

group was 2.22±1.80 and 2.52±1.88, respectively, and in 

the 2D laparoscopic group it was 1.47±1.99 and 1.48±1.43, 

respectively. Significantly statistical differences were found 

between the two groups (P=0.019 and P=0.001, respectively) 

for these two subgroups. For the remaining groups, 1, 3, 

4d, 4sa, 4sb, 5, 6, 7, 9, and 12a, there was no statistically 

significant difference found in the number of lymph nodes 

between any two of them (P.0.05) (Table 4).

Table 2 comparison of intraoperative conditions between the two groups

Group 3D group 2D group Statistical 
value

P-value

Operative time (min), mean ± sD 181.03±36.76 191.47±47.19 t=-1.378 0.171

intraoperative blood loss (milliliter), mean ± sD 160.83±150.66 170.31±147.49 t=-0.354 0.724

Time to first postoperative flatus (days), mean ± sD 2.91±1.48 3.29±0.67 t=-1.862 0.065

Postoperative hospital stay (days), mean ± sD 12.08±3.47 12.72±5.64 t=-1.962 0.052
intraoperative complications (case) 1/60 3/64 χ2=0.905 0.341
splenic artery injury 0 1
injury of common hepatic artery 0 1
Portal vein injury 0 1
Pancreatic injury 1 0
Operation mode (case) χ2=0.719 0.396

Billroth i 33 40
Billroth ii 27 24

Abbreviations: 2D, two-dimensional; 3D, three-dimensional.
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Discussion
Gastric cancer, which has the second highest morbidity and 

mortality rates of any cancer, is one of the most common 

forms of malignant tumors in China.10 Surgery is an impor-

tant treatment for gastric cancer, and D2 lymphadenectomy 

has been used as the standard surgery for advanced gastric 

cancer. With the progress of minimally invasive techniques, 

laparoscopic gastrectomy for advanced cancer has been 

performed worldwide. The advantages and safety of mini-

mally invasive procedures have been recognized in previous 

research.11–14 Some believe that the long-term effects are 

similar to those of open radical gastrectomy.14–16

Laparoscopic gastrectomy for advanced cancer must 

follow the same principle of radically resecting the tumor 

followed in traditional open procedures. The main, and often 

the most difficult, goal of this procedure is lymph node dis-

section. The 2D laparoscopy usually poses some difficulty 

for beginners in identifying anatomical structures, judging 

distances between tissues, and finding and separating tissues 

at the anatomical level because of the lack of stereoscopic 

vision. Laparoscopic gastrectomy for advanced cancer is 

difficult because gastric blood supply is abundant, there 

are many layers of anatomy, and the gastric lymph nodes 

are complexly distributed. With the progress of science and 

technology, 3D laparoscopy has made up for the deficiencies 

of traditional 2D laparoscopy to a certain extent. Compared 

with its 2D counterpart, 3D laparoscopic surgery has a higher 

magnification of the local surgical field and gives a better 

stereoscopic vision and sense of anatomical structure, thus 

making it easier and more precise to grasp tissue, dissect, 

separate tissues, stop blood, and ligate vessels. It reduces 

the difficulty of surgery; the damage to the surrounding 

vessels, organs, and tissues; and the amount of bleeding 

Table 3 Postoperative recovery and pathological staging in the two groups

Group 3D group 2D group Statistical 
value

P-value

Postoperative complications (case) 1/60 4/64 χ2=1.681 0.195
anastomotic leakage 0 1
abdominal hemorrhage 0 1
gastroparesis 1 1
Pancreatic leakage 0 1
Tumor diameter (cm, x ± s) 3.55±2.07 3.59±1.96 t=-0.126 0.900
Tumor TnM staging (case) χ2=2.689 0.262

stage i 20 24
stage ii 23 16
stage iii 17 24

T1/T2/T3/T4 23/7/10/20 18/10/10/26 χ2=1.795 0.616
n0/n1/n2/n3 34/5/16/5 31/9/13/11 χ2=3.716 0.294
Tissue typing (case) χ2=7.681 0.053

Poorly differentiated 46 55
Moderately differentiated 6 4
Well differentiated 0 3
signet ring cell carcinoma 8 2

lauren’s typing (case) χ2=3.738 0.291
intestinal type 19 16
Diffuse type 24 35
Mixed type 17 13

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

Table 4 comparison of the number of lymph nodes removed 
between the two groups

Number of 
lymph nodes

3D group 2D group Statistical 
value

P-value

Total number of 
lymph nodes

37.36±14.78 33.03±12.65 t=-1.758 0.081

Positive lymph node 3.32±6.42 5.00±8.57 t=-1.231 0.221
subgroup 1 4.20±5.28 2.72±3.17 t=-1.907 0.059
subgroup 3 5.58±4.08 6.58±5.37 t=-1.156 0.250
subgroup 4d 4.75±4.50 4.28±4.30 t=-0.592 0.555
subgroup 4sa 0.85±1.86 0.48±1.56 t=-1.206 0.230
subgroup 4sb 2.58±3.21 1.44±2.06 t=-2.379 0.462
subgroup 5 1.65±2.00 2.00±3.35 t=-0.700 0.485
subgroup 6 4.10±3.31 4.55±3.93 t=-0.683 0.496
subgroup 7 2.40±3.12 2.77±2.76 t=-0.692 0.490
subgroup 8a 2.52±1.88 1.48±1.43 t=-3.426 0.001
subgroup 9 1.78±1.91 2.56±2.49 t=-1.946 0.054
subgroup 11p 2.22±1.80 1.47±1.99 t=-0.739 0.019
subgroup 12a 0.65±1.39 0.64±0.98 t=-0.044 0.965

Note: Data presented as (x ± s) unless otherwise stated.
Abbreviations: 2D, two-dimensional; 3D, three-dimensional.
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during surgery.17 During the dissection of lymph nodes, 

vessels are well organized in the 3D field of vision. Specifi-

cally, 3D laparoscopic surgery allows surgeons to control the 

operating space and avoid accidental damage to blood vessels 

when dissecting perivascular adipose tissues.

Ma et al18 and Hong et al19 reported their experiences 

in 3D laparoscopic D2 lymphadenectomy for distal gastric 

cancer and found no significant difference between the 

operative time, intraoperative blood loss, number of lymph 

node dissections, and postoperative complication rates 

between the procedure and those of 2D laparoscopic 

D2 lymphadenectomy for distal gastric cancer. In this 

study, unlike in the 2D group, less intraoperative bleeding 

was found in the 3D group patients, and the operative time 

was shorter. However, no significant difference was found 

(P=0.724) between the two groups. The 3D vision was 

provided by 3D laparoscopy, which enabled the surgeons 

to locate the lymph nodes accurately. The spatial distribu-

tion of blood vessels and the anatomic relation between 

blood vessels were clear. Therefore, the operative time 

was shorter, and the intraoperative bleeding was less. The 

time to the first postoperative flatus was reduced in the 

3D group patients, and their intestinal function recovered 

more quickly than patients in the 2D group. However, no 

significant difference was observed (P=0.065) between 

the two groups.

One case of intraoperative pancreatic injury occurred 

in the 3D group, and one case of splenic artery injury, one 

case of common hepatic artery injury, one case of portal vein 

injury, and one case of colon injury occurred in the 2D group. 

The intraoperative and postoperative complications that 

occurred in the 3D group were less than those that occurred 

in the 2D group. Although this result was not statistically 

significant, these values in the 3D group were decreased.

The 3D laparoscopy provides a surgeon with good 

stereoscopic vision and a sense of anatomical structure to 

reduce intraoperative damage to surrounding vessels, organs, 

and tissues. The range of lymph node dissection and the 

number of lymph nodes detected are important indicators of 

performance in laparoscopic gastrectomy for cancer. In this 

study, compared with the 2D group, there was no significant 

difference found (P=0.081) between the number of lymph 

nodes (60 cases) removed by 3D laparoscopy and the number 

(64 cases) removed by 2D laparoscopy. The number of lymph 

nodes removed in the two groups was greater than 15, which 

met the requirements of the 2017 National Comprehensive 

Cancer Network guidelines for the pathological staging 

of gastric cancer. This result shows that 3D laparoscopic 

D2 lymphadenectomy for distal gastric cancer is an effective 

way to treat this cancer.

The subgroup analysis showed that the number of lymph 

nodes removed by 3D laparoscopy in subgroups 11p and 8a 

was greater than that removed by 2D laparoscopy and that 

the difference was significant (P,0.05). The difficulty in 

removing lymph nodes may be significantly reduced during 

surgery by the advantages of the 3D laparoscopic surgery 

system. Especially in subgroups 11p and 8a, the effect of 

lymphadenectomy using 3D laparoscopy is better than that 

using 2D laparoscopy.

Conclusion
In conclusion, 3D laparoscopic-assisted radical gastrectomy 

for distal gastric cancer is safe and feasible. It has an effi-

cacy similar to that of 2D laparoscopic surgery as well as a 

minimally invasive effect. The 3D laparoscopic gastrectomy 

tends to increase the number of lymph nodes removed in 

subgroups and reduce the incidence of intraoperative and 

postoperative complications. As the study was retrospective 

and the sample size limited, the effects of 3D laparoscopic-

assisted radical gastrectomy for distal gastric cancer need 

to be further studied using multicenter, prospective, and 

randomized controlled clinical trials.
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