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Abstract: Aims: The aim of this retrospective study is to explore the effects of sentinel lymph node (SLN) mapping 
guided laparoscopic-assisted distal gastrectomy (LADG) for distal gastric cancer. Methods: Two hundred patients 
were enrolled in this study. One hundred and one patients undergoing SLN guided LADG were designated as the 
SLN group. Ninety-nine patients having conventional LADG with D1 or D2 lymph node dissection were designated 
as the control group. Intraoperative and postoperative indicators such as the number of lymph nodes dissected, 
intraoperative and postoperative conditions, flow cytometry analysis of T lymphocyte subsets and natural killer (NK) 
cells, survival rates, recurrence rates and postoperative complications were investigated between these two groups. 
Results: The number of lymph nodes dissected in the SLN group was significantly lesser than that in the control 
group. Furthermore, in the SLN group, the patients achieved better immunization status, improved intraoperative 
and postoperative conditions and decreased postoperative complications. There were no significant differences 
were found in the positive lymph nodes detected, the distance between proximal and distal cutting edge, postopera-
tive survival or recurrence rates. Conclusions: SLN guided LADG for gastric cancer is a safe and effective method 
and could achieve an equal clinical effect as traditional laparoscopic D1 or D2 radical operation with less operation 
trauma and better recovery.
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Introduction

Laparoscopic-assisted distal gastrectomy (LA- 
DG) for gastric cancer was first performed in 
1994 [1]. In LADG, the extent of tumor resec-
tion and patients’ prognosis are both deter-
mined by the status of lymph node metastasis. 
It is important to investigate safe and effective 
ways for lymph node dissection in laparoscopic 
gastrectomy.

Laparoscopic D1 or D2 resection in advanced 
gastric carcinoma was first conducted in 1997 
[2]. It is safe and feasible and it has the same 
extent of lymph node dissection as the tradi-
tional open surgery [3]. Nodal involvement in 
gastric cancer occurs in 2-18% of T1 and in 
about 50% of T2 tumors (TNM staging) [4]. The 

preventive and extensive lymph node dissec-
tion in laparoscopic D2 resection for gastric car-
cinoma included might affect the immune func-
tion of the organism and increase the surgical 
trauma. The incidence of postoperative compli-
cations in laparoscopic D1 or D2 resection for 
gastric carcinoma is about 22%-54%, including 
lymphatic fistula, reduced stomach capacity, 
gastric emptying dysfunction, dumping syn-
drome, alkaline reflux gastritis, and so on, which 
severely affected the post-operative living qual-
ity of the patients [5]. It is urgent to investigate 
the way to selectively diminish the extent of 
lymph node dissection and reduce postopera-
tive complications without weakening the effect 
of radical resection.

The concept of sentinel lymph node (SLN) meth-
od is to predict the lymph node status by a sim-
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ple pick-up biopsy in patients with a high risk of 
metastases to lymph nodes. If the SLN indi-
cates the patient is negative for metastasis, 
unnecessary lymph node dissection can be 
avoided [6]. The feasibility and effects of SLN 
biopsy in guiding the lymph node dissection 
have been confirmed in open radical resections 
for gastric cancer. Patent blue was first used in 
SLN biopsy in gastric cancer in 1999. Then 
Aikou presented the idea that there might be a 
potential significance of SLN biopsy in the 
lymph node dissection of early gastric carcino-
ma in 2001 [7]. Kitagawa reported a Lapa- 
roscopic pylorus-preserved partial gastrectomy 
based on SLN biopsy [8]. These studies sug-
gest a potential role of SLN in guiding lymph 
node dissection during gastrectomy.

In this study, the feasibility and clinical effects 
of SLN mapping on guiding LADG for distal gas-
tric cancer via sub-mucosal blue dye injection 
were investigated. The effects of SLN guided 

LADG were compared with those of traditional 
laparoscopic D1 or D2 radical operation.

Materials and methods

Patients

This study was approved by the Ethics Com- 
mittee of Shandong University. The patients 
were fully involved in the decision making pro-
cess. Written informed consent was obtained 
from all the patients.

A total of 200 cases of patients with preopera-
tive histologically confirmed gastric cancer 
were enrolled in this study. Their gastric lesions 
were located in the lower or middle third of 
stomach. They all underwent LADG by the oper-
ation team of Pro. Jun Niu. The patients who 
had gastric cancer with a diameter greater than 
5 cm, possible invasion beyond the muscularis 
propria, preoperative evidence of metastatic 

Figure 1. Procedure of LADG with D1 or D2 lymph node dissection for gastric cancer. A: The patient’s position and 
Trocar port location were shown. B: Laparoscopic lymph node dissection. C: After freeing, the stomach was extract-
ed outside of the peritoneal cavity for resection and anastomosis. D: The small, minimally-invasive incision. LADG, 
laparoscopic-assisted distal gastrectomy.
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disease, or reported intolerance to Patent blue 
were excluded from the study. Among these 
200 patients, 101 patients (52 males and 49 
females, mean 51.69 years) underwent SLN 
guided LADG and were designated as the SLN 
group. Ninety-nine patients (51 males and 48 
females, mean 53.72 years) underwent con-
ventional LADG with D1 (68 cases) or D2 (31 
cases) lymph node dissection and were desig-
nated as the control group. All patients received 
infection prevention and total parenteral nutri-
tion support postoperatively.

Surgery

In the control group, LADG procedure with D1 
or D2 lymph node dissection was performed 
according to the reports of the intraoperative 
frozen sections [9, 10] (Figure 1). SLN guided 
LADG was performed in the SLN group as previ-

ously reported (Figure 2) [4]. The lesion loca-
tion was determined by laparoscope. Patent 
blue dye was carefully injected through abdomi-
nal wall into gastric sub-mucosal layer at four 
quadrants around the tumor with a 25-gauge 
needle. Within 5 minutes [4], blue colored 
lymph nodes were selected for mapping and 
biopsy individually. The frozen pathology 
reports were confirmed by more than 3 experi-
enced pathologists. Among the 101 patients in 
the SLN group, pylorus preserving was per-
formed in 15 cases, gastric wedge resection 
was performed in 35 cases, and Birroth II pro-
cedure was conducted in 51 cases. And, all of 
them had individual lymph node dissection.

Observation indexes

The following indexes were observed and com-
pared, including counting of total lymph nodes 

Figure 2. Procedure of SLN mapping guided LADG for gastric cancer. A: Laparoscopic exploration was performed to 
define the location of tumor lesions, indicated by a coagulation hook. B: Laparoscopic assisted blue dye injection 
around the tumor was carried out for SLN mapping. C: SLNs were shown by the blue dye. D. Selective gastric partial 
resection was performed based on SLN mapping. SLN, sentinel lymph node; LADG, laparoscopic-assisted distal 
gastrectomy.
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and positive lymph nodes determined by rou-
tine pathology, intraoperative blood loss, post-
operative recovery time, evaluation of radical 
effect, counting of T lymphocyte subsets and 
natural killer (NK) cells in peripheral blood (1 
week after surgery), complications, postopera-
tive quality of life, survival and relapse indica-
tors, et al.

Statistical analysis

All data were processed using SPSS 11.5 sta-
tistical package. The data were presented as 
means ± standard deviation (SD). The methods 
of t-test, χ2-test and Fisher exact probability 
method were used to compare values between 
two groups. Log-rank test was conducted to 
compare the difference in survival rate. P < 
0.05 was considered to be statistical sign 
ificant.

Results

Effects of SLN mapping on lymph node dissec-
tion and tumor radical resection

Firstly, the effects of SLN on lymph node dis-
section and tumor radical resection were ana-
lyzed. All the frozen section reports correlated 
with the final histopathology results of the 
lymph node status. As shown in Table 1, there 
was no significant difference in the number of 
positive lymph nodes dissected between the 
SLN group and the control group (4.18 ± 2.93 
versus 4.15 ± 2.54, P > 0.05). However, the 
number of total lymph nodes in the SLN group 
was significantly lesser than that in the control 
group (5.32 ± 2.58 versus 12.15 ± 7.47, P < 

0.001). There were no significant differences in 
the distances of both proximal cutting edge 
(4.67 ± 1.25 cm versus 4.63 ± 1.12 cm, P > 
0.05) and distal cutting edge (4.90 ± 1.64 cm 
versus 4.58 ± 1.11 cm, P > 0.05) between the 
SLN group and the control group.

Effects of SLN mapping on intraoperative and 
postoperative conditions

Then the effects of SLN on intraoperative and 
postoperative conditions were investigated. As 
shown in Table 2, the average operative time in 
the SLN group was significantly shorter than 
that in the control group (167.6 ± 29.31 min 
versus 208.5 ± 30.02 min, P < 0.001). The 
average blood loss of the SLN group was signifi-
cantly lesser than that of the control group 
(117.43 ± 55.32 ml versus 168.78 ± 63.46 ml, 
P < 0.001). Moreover, in the SLN group, the 
times to flatus, defecation, and walking were 
significantly shorter than those in the control 
group (Table 2, P < 0.001). These results indi-
cate that the intraoperative and postoperative 
conditions of patients in the SLN group are sig-
nificantly improved.

Improved immunization status in the SLN 
group

To determine the effects of SLN mapping on 
postoperative immunization status of the 
patients, analysis of T cell subsets and NK cells 
was performed in the patients one week after 
the operation using flow cytometry. As shown in 
Table 3, in the SLN group, the percentages of 
CD3+ cells (T cells), CD4+ T cells (T helper cells) 

Table 1. Comparison of effects of tumor radical resection (mean ± SD)

Group N Distance of proximal 
cutting edge (cm)

Distance of distal 
cutting edge (cm)

Number of total 
lymph nodes

Number of positive 
lymph nodes

SLN group 101 4.67 ± 1.25 4.90 ± 1.64 5.32 ± 2.58 4.18 ± 2.93
Control group 99 4.63 ± 1.12 4.58 ± 1.11 12.15 ± 7.47 4.15 ± 2.54
P 0.786 0.103 < 0.001 0.945

Table 2. Intraoperative and postoperative conditions

Group N
Intraoperative conditions Postoperative conditions

Operative time 
(min)

Intraoperative 
blood loss (ml)

Time to flatus 
(day)

Time to defeca-
tion (day)

Time to walking 
(day)

SLN Group 101 167.6 ± 29.31* 117.43 ± 55.32* 2.86 ± 1.31* 3.62 ± 1.85* 2.08 ± 0.38*
Control Group 99 208.5 ± 30.02 168.78 ± 63.46 3.98 ± 1.50 4.81 ± 1.62 3.12 ± 0.61
Note: The data represents means ± SD. *P < 0.05 versus control group.
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and NK cells in peripheral blood were 78.14 ± 
8.99%, 45.99 ± 7.20% and 14.49 ± 3.41%, 
respectively, which were significantly higher 
than those in the control group (73.61 ± 8.38%, 
P < 0.001; 36.44 ± 6.60%, P < 0.001 and 8.12 
± 1.42%, P < 0.001, respectively). The level of 
CD8+ T cells (cytotoxic T cells) in the SLN group 
was significantly lower than that in the control 
group (32.57 ± 6.15% versus 36.95 ± 6.70%, P 
< 0.001). Furthermore, in the SLN group, the 
CD4+/CD8+ T-cell ratio was significantly higher 
than that in the control group (1.55 ± 0.31 ver-
sus 0.95 ± 0.23, P < 0.001). These results indi-
cate that postoperative immunization status of 
the patients in the SLN group is better than that 
in the control group.

SLN group, 18 of the 101 patients relapsed 
during the 3-year follow-up period with the 
recurrence rate of 17.8%. In the control group, 
17 of the 99 patients relapsed with the recur-
rence rate of 17.2%. There was no significant 
difference in recurrence rate between these 
two groups (P = 1.000). These results indicate 
that SLN mapping does not affect postopera-
tive survival and recurrence rate.

Decreased postoperative complications in the 
SLN group

The effects of SLN mapping on postoperative 
complications were also investigated. As shown 
in Table 4, there were no significant differences 
between the two groups in hepatic metastasis, 

Figure 3. The 3-year survival rate after surgery. The 3-year survival rate after 
surgery of the patients in the SLN group and the control group were show. 
There was no significant difference in the 3-year survival rate between these 
two groups. The log-rank test, P = 0.792.

Table 3. Peripheral blood T cell subsets and NK cells
Group N CD3+ cells (%) CD4+ cells (%) CD8+ cells (%) CD4+/CD8+ cells NK cells (%)
SLN Group 101 78.14 ± 8.99* 45.99 ± 7.20* 32.57 ± 6.15* 1.55 ± 0.31* 14.49 ± 3.41*
Control Group 99 73.61 ± 8.38 36.44 ± 6.60 36.95 ± 6.70 0.95 ± 0.23 8.12 ± 1.42
Note: The data represents means ± SD. *P < 0.001 versus control group. NK cells, natural killer cells.

SLN mapping does not af-
fect postoperative survival 
and recurrence rate

To study the effects of SLN 
mapping on postoperative 
survival and recurrence 
rate, the 3-year follow-up 
assessment was undertak-
en. Seventeen of the 200 
patients were lost to follow-
up (SLN group, 8 patients; 
control group, 9 patients). 
The survival time ranged 
from 5 months to 36 
months. Thirty-nine of the 
200 patients died during 
the 3-year follow-up period 
with the average 3 year sur-
vival rate of 80.5%. In the 
SLN group, 19 of the 101 
patients died with the aver-
age 3 year survival rate of 
81.2%. In the control group, 
20 of the 99 patients died 
with the average 3 year sur-
vival rate of 79.8%. There 
was no significant differ-
ence in survival rate 
between these two groups 
(P = 0.792, Figure 3). In the 
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obstruction, and anastomotic or stump fistula 
(P > 0.05). There were significant differences 
between the SLN group and the control group 
in the postoperative bleeding incidence (3 ver-
sus 11, P = 0.028), alkaline reflux incidence (9 
versus 21, P = 0.018), and gastroparesis inci-
dence (1 versus 7, P = 0.034). These results 
indicate a better postoperative life quality of 
the patients in the SLN group.

Discussion

Laparoscopic gastrectomy for gastric cancer is 
a promising minimally invasive surgery [11]. In 
this study, the effects of SLN mapping on guid-
ing LADG for distal gastric cancer were investi-
gated. It is safe and effective with less opera-
tion trauma and better recovery by achieving 
individual lymph node dissection.

In this study, we found that the extent of lymph 
node resection in SLN group was significantly 
less than the control group, however, there was 
no statistical difference in the number of posi-
tive lymph node between the two groups. And, 
there was no statistical difference in recent 
recurrence rate between the two groups, sug-
gesting the security and feasibility of intraop-
erative SLN guided LADG for distal gastric car-
cinoma. In addition, patients in the SLN group 
had better intraoperative conditions, postoper-
ative conditions and immune status. Moreover, 
compared with control group, there was no sig-
nificant difference of SLN group in radical effect 
of tumor resection, postoperative survival time, 
and cancer recurrence rate. Our findings indi-
cate that intraoperative SLN-guided LADG for 
distal gastric carcinoma is safer and feasible 
and can achieve the same therapeutic effects 
as LADG with D1 or D2 lymph node dissection.

Ichikura performed function-preserved gas-
trectomy in 35 early gastric cancer patients 
with negative SLN. The function-preserved gas-
trectomy achieved larger gastric capacity than 
that of standard gastrectomy. There was no 
death caused by surgery or operative complica-

tions. The hospital stay time was shorter and 
the recent recurrence rate was lower [12]. A 
multicenter and prospective study from Sep. 
2004 to Mar. 2008 carried out by JSNNS (Japan 
society of sentinel node navigation surgery) 
found that the detection rate of SLN in early 
gastric cancer, the sensitivity and specificity in 
diagnosis of lymph node metastasis were 
97.5%, 93%, and 99% respectively; compared 
with traditional method, patients with SLN guid-
ed surgery had better postoperative life quality 
[13]. Our results were consistent with these 
reports, indicating that SLN guided LADG could 
achieve the effects of the selective function-
preserved gastrectomy and achieve individual 
LN dissection with less postoperative complica-
tion and better life quality simultaneously .

At present, SLN-guided LADG for distal gastric 
carcinoma is still an experimental technique 
and none of the tried approaches has obtained 
general acceptance [14]. Combined this pres-
ent study and previous researches, we conclud-
ed its limitations as follows: 1) An obstructed 
lymphatic vessel due to cancer invasion may 
lead to a false negative results. 2) Lymphatic 
basin dissection is inadequate in the case of 
skip metastases, and the SLN omitted the first 
lymph node level in about 20% of cases [4]. 3) 
This method requires further improvement in 
technical issues, such as selection and usage 
of the tracers. Further studies are needed 
before this method can be introduced into rou-
tine procedure.

In conclusion, LADG with blue dye-guided lymph 
node dissection for gastric cancer is a safe and 
effective method for laparoscopic gastrectomy. 
It can reduce the operation trauma and achieve 
individual lymph node dissection with less post-
operative complications. However, further stud-
ies are needed before this method can become 
a routine procedure.
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Table 4. Postoperative complications

Group Postoperative 
bleeding Obstruction Hepatic  

metastasis
Anastomotic or 
stump fistula

Alkaline 
reflux Gastroparesis

SLN Group 3* 2 5 4 9* 1*
Control Group 11 3 3 3 21 7
Note: Fisher exact probability method, *P < 0.05 versus control group.
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