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Abstract
Background  The aim of this study was to evaluate the feasibility of indocyanine green (ICG) fluorescent method for sentinel 
lymph node detection in early gastric cancer.
Methods  Between December 2012 and December 2014, 28 cases of pilot examination were performed at Seoul National 
University Bundang Hospital. Advanced version of multispectral fluorescence organoscope was used to identify sentinel 
node by quantitative estimation of ICG fluorescent signal intensity. Sensitivity, specificity, false positive value were analyzed 
and compared with dual tracer method.
Results  A total of 443 lymph nodes in 28 cases were examined and 184 sentinel nodes (41.5%) were identified by dual 
tracer method. The sensitivity using near-infrared ICG method was 98.9%. The specificity was 76.0% and false positive rate 
was 25.4% compared with dual tracer method. The adequate threshold for sentinel node detection was considered as 10% 
of maximum signal intensity.
Conclusion  New near-infrared ICG fluorescent method could be a promising protocol for sentinel node navigation surgery 
in early gastric cancer.
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Along with the advancement of diagnostic tools and spread 
of early screening system, the proportion of detecting early 
gastric cancer (EGC) now exceeds 60% in Korea and Japan 
[1, 2]. In gastric cancer, lymph node metastasis is the most 
important prognostic factor, and it is reported to be found 

in 2–18% of EGC [3, 4]. In order to predict lymph node 
metastasis in EGC with greater precision, the idea of senti-
nel lymph node is applicated in gastric cancer fields [5–9].

Sentinel node navigation surgery (SNNS) for gastric can-
cer is a surgery aiming to detect sentinel lymph node by 
means of injecting the tracer around the tumor and finding 
the lymph nodes with the earliest tracer spreading. SNNS 
has been adopted initially by using indocyanine green (ICG) 
as a sole tracer in the early days, resulting in low detection 
rate. Various studies introduced utilizing ICG with radioiso-
tope (dual method) afterwards, making remarkable improve-
ment in sensitivity and specificity [10]. This method, first 
introduced by Kitagawa et al., uses the blue dye which 
disseminates through lymphatic vessels and lymph node, 
making it grossly visible, while gamma probe is being used 
simultaneously for detecting radioactive lymph nodes [11].

Dual method, however, has some aspects which make 
it difficult to be used popularly for treating gastric cancer 
patients, even if it is established as a standard treatment. 
The particle size of radioisotope and ICG is different and 
exists as a simple mix-up without any chemical bonding 
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or conjugation, making it difficult to determine the sentinel 
node accurately. Also, the patients need to suffer the fear of 
radiation exposure and the operation room should be a scale 
in which radiation devices could be accommodated [12, 13].

Various studies are ongoing in efforts to find sentinel 
lymph node without usage of radiation. Fluorescent imag-
ing technology is a representative example, where near-
infrared imaging system has been introduced many times 
as a method to increase sensitivity [14–16], while recently 
a newer approach of using blue light also reported high sen-
sitivity and accuracy [17]. These studies, however, focused 
only on refraining the use of radiation and visibly identifying 
sentinel nodes with more precision. They could not substi-
tute the radioisotope method which has greatest strength in 
numerically objectifying the sentinel node.

We introduce a SNNS utilizing an advanced version of 
multispectral fluorescence organoscope which can quanti-
tatively estimate and objectify the ICG fluorescent signal 
intensity. We designed a method of using only fluorescence 
signal intensity of ICG, when sorting sentinel nodes and 
non-sentinel nodes in the back table after sentinel basin 
dissection. The purpose of this study is to verify whether 
the device can detect sentinel lymph node as much as dual 
method by using only dye method and finding out whether 
fluorescence signal intensity can be quantified.

Methods

Study design and participants

A pilot examination was performed in 28 patients diagnosed 
with gastric adenocarcinoma in Seoul National University 
Bundang Hospital from December 2012 to December 2014. 
The patients were fully informed of the study and filled out 
a written informed consent. This study was a single-arm, 
open-label, and prospective study. The study was approved 
by Institutional Review Board of Seoul National University 
Bundang Hospital (Registration Number: E-1208/167007) 
and the medical device used for the trial was approved by 
Korea Food and Drug Administration. In addition, this trial 
was approved as a clinical study (Registration Number: 
NCT01441310) by the Clinical Research Information Ser-
vice (http://www.clini​caltr​ials.gov).

Eligibility criteria

The criteria for eligibility were histologically proven gas-
tric adenocarcinoma; clinical stage of T1N0M0 according 
to the 7th edition of the American Joint Committee on 
Cancer System [18]; an age of 20–80 years; and tumor 
size less than 4 cm. Patients who did not understand or 
refuse to participate in the study were excluded. Patients 

with the following conditions were also excluded: serious 
concomitant illnesses; history of hypersensitivity to con-
trast media; and porphyria.

Multispectral fluorescence organoscope

Multispectral fluorescence organoscope (ANIMA scope) 
used in this study was first developed by Korea Electro-
technology Research Institute which was initially used as 
a preclinical fluorescence measurement device (Fig. 1A). 
This device has been originally employed for preclinical 
usage in recording multispectral fluorescence image and 
determining signal intensity of the fluorescent materi-
als. For example, the course of cancer cell invasion or 
drug dissemination after injection has been traced by this 
device. The system is composed of a camera obtaining 
the fluorescent image, and a light source that irradiates 
the object, each of which is controlled by a computer. The 
light source is divided into three components: an intense 
pulse light component, a 635 nm laser component, and an 
808 nm component. The intense pulse light component 
irradiates white light and intense pulse light within vis-
ible light range. The 635 nm laser component is used for 
excitation of self-fluorescence, and the 808 nm component 
for excitation of near-infrared fluorescence (Fig. 1B). The 
lymph node procured from the sentinel basin is put into 
the ANIMA scope in which it is subjected to excitation 
by 808 nm laser. Thereafter, the camera component meas-
ures the intensity of fluorescence and yields the value in 
numbers [19]. The distance between the specimen and the 
light source was set to 200 mm. The unit was expressed in 
AU (arbitrary unit), which is a relative value where normal 
tissue for each individual was set as a standard value.

Procedure for detecting sentinel lymph node

SNNS was conducted based on the prementioned stand-
ard dual method, while the sentinel node and non-sentinel 
node were separated in the back table, accordingly [5]. 
Sentinel node was defined conventionally, into blue node, 
hot node, and hot and blue node. These categorized lymph 
nodes were observed with ANIMA scope, and the intensity 
of ICG fluorescence was measured. The acquired lymph 
nodes were sent for frozen biopsy, and the pathologist 
carried out hematoxylin and eosin staining to check for 
micrometastasis. Once the lymph node was confirmed to 
be free from metastasis, stomach preserving surgery was 
performed. If sentinel lymph node metastasis was present, 
standard surgery was proceeded in accordance with the 
Japanese Gastric Cancer Treatment Guidelines 2010 (ver-
sion 3) [20].

http://www.clinicaltrials.gov
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Data collection

The basic information of the enrolled patients concern-
ing age and sex was collected, and the information on 
surgical outcome was analyzed. Fluorescence value was 
recorded for the nodes obtained from each patient, and 
a cut-off value was targeted for sensitivity that would 
reach 100% when compared with dual method. It was 
predictable that the absolute value of the signal intensity 
would not be a good parameter for cut-off value due to its 
variability between patients. Hence, we decided to define 
the cut-off value as the ratio of intensity for the minimum 
signal value of sentinel lymph node in each patient. The 
new sentinel lymph node detection method and initial 
dual method was compared based on this cut-off value to 
determine the sensitivity, specificity, and false positivity.

Results

Demographic data and surgical outcomes are shown in 
Table 1. Among the 28 patients enrolled, the mean (SD) 
age was 56.8 (14.6) years, while male-to-female ratio was 
57–43%. Permanent biopsy result showed EGC for all except 
one patient, and sentinel lymph node metastasis was found 
in two patients. Complication occurred in two patients; 
73-year-old male patient with delayed gastric emptying and 
51-year-old male patient with hematoma in perigastric area, 
all of whom managed with conservative care. There was no 
mortality.

Table 2 shows an example of sentinel basin mapping from 
Patient Number 7 out of the 28 patients. In Patient 7, 1 hot 
and blue node and 10 hot nodes were detected, which were 
located in node station #6 and #8, while 4 non-sentinel nodes 

Fig. 1   Multispectral fluores-
cence organoscope (ANIMA 
scope). A Layout B schematic 
diagram
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were found in node #3. The maximum value of fluorescence 
emitted from sentinel lymph node was 5300 AU and mini-
mum value was 1100 AU when measured with the ANIMA 

scope. The fluorescence value was also measured for all non-
sentinel nodes.

The result of sentinel basin mapping for 28 patients is 
described in Table 3. There was no case of blue node found 
alone. As for the nodes defined as sentinel node by dual 
method, maximum and minimum fluorescence value and 
each of its ratio was calculated. Cut-off value for all 28 
patients is shown in Fig. 2. The minimum fluorescence val-
ues for Patient 18 and 24 were 145 AU and 260 AU, respec-
tively, which is an exceedingly low value with respect to the 
maximum value, resulting in a cut-off value of 0.02. No sen-
tinel node metastasis was found in these two patients. Other 
26 patients, excluding the former two patients, showed a 
minimum/maximum value above 0.1 including Patient 7 and 
23 who were sentinel node positive in frozen biopsy. Thus, 
in order to minimize false positivity and reach 100% sensi-
tivity, we defined the cut-off value as 10% of the maximum 
fluorescence value and regarded any value above this as 
sentinel lymph node. After establishing the definition, com-
parison was made with the dual method, concerning sensi-
tivity, specificity, and false positive rate, which is recorded in 
Table 4. The new sentinel node detection method missed two 
nodes that were found positive by dual method (nodes that 
showed minimum value in Patient 18 and 24), while detect-
ing 62 sentinel nodes that were non-sentinel nodes in dual 
method. Considering the dual method as a gold standard, 
sensitivity, specificity, and false positive rates were 98.9%, 
76.0%, and 25.4%, respectively. Neither late complication 
nor tumor recurrence was found in any of the patients up 
until December, 2017 (follow-up loss in 3 patients).

Discussion

Sentinel lymph node is defined as first lymph node drained 
from the primary tumor. SNNS is referred as a procedure, 
in which the extent of the surgery is dependent upon the sta-
tus of lymph node metastasis. The essential part of improv-
ing the accuracy of SNNS is the usage of the most efficient 
tracer with a detection system with an effective identifica-
tion [21]. Most commonly used tracers are vital dye which 
can be traced by naked eye, and radioisotopes which can be 
traced in digits using gamma probes. Dual tracer method, 
using both of these tracers, possesses the most acceptable 
sensitivity and accuracy and is used in many clinical studies 
as a standard procedure [22–25].

Drawbacks exist, however, that the two tracers used in the 
dual method are not concomitant, making it less accurate, 
and also by the fact that it uses radiation. Usage of radiation 
is both burdensome for the patient and the operator due to 
radiologic hazard. The hospital also needs to be equipped 
with the radioisotope detecting device. Inconvenient annual 
curriculums are obliged to all participating members of the 

Table 1   Profile of enrolled patients in pilot study (N = 28)

a Delayed gastric emptying and hematoma in perigastric area

Age, mean (SD), year 56.8 (14.6)
Gender
 Male 16 (57%)
 Female 12 (43%)
 Tumor size, median (IQR), cm 1.6 (0.7–3.3)
 Operation time, mean (SD), min 218.2 (47.4)

Depth of invasion
 Mucosa 20 (71%)
 Submucosa 7 (25%)
 Proper muscle 0 (0%)
 Subserosa 1 (4%)

Operation
 Segmental resection 11 (39%)
 Hemi-gastrectomy 6 (21%)
 Distal gastrectomy 3 (11%)
 Antrectomy 5 (18%)
 Pylorus preserving gastrectomy 3 (11%)

Lymph node metastasis
 Yes 2 (7%)
 No 26 (93%)
 Complicationa 2 (7%)

Table 2   The value of ICG intensity of patient number 7

ICG indocyanine green, AU arbitrary unit
a The station number was described according to the Japanese Clas-
sification of Gastric Carcinoma

Node no. Locationa Hot node Blue node ICG inten-
sity (AU)

1 #6 + + 3700
2 #6 + − 2700
3 #6 + − 2900
4 #6 + − 5300
5 #6 + − 3900
6 #6 + − 1100
7 #6 + − 3600
8 #6 + − 2800
9 #6 + − 3700
10 #6 + − 4200
11 #8 + − 4300
12 #3 − − 342
13 #3 − − 303
14 #3 − − 1034
15 #3 − − 315
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operation regarding radio hazard-proof protocols. There 
was a need to detect sentinel node without using radiation 
in order for SNNS to become more popular, pushing the 
researchers to discard radioisotope and to focus on develop-
ing techniques to discriminate the vital dye more clearly. 
The most commonly used technique is near-infrared light 
imaging, which by using ICG as a tracer along with fluo-
rophore makes the sentinel basin more distinctly visible for 
resection [14, 15].

The advancement of fluorescent imaging technology will 
play an important role in popularizing SNNS. Patients will 
be able to receive surgery without feeling insecure if sentinel 
node can be found without using radiation. Subdivision of 

fluorescent imaging technology is differentiated by using 
different wave length, light, and vital dye, but the afore-
mentioned techniques eventually depend on the human 
eye which detects the fluorescence in order to remove the 
sentinel basin. Decision making done only by the means of 
human eye is extremely subjective and poses a danger of 
false negativity which may result in losing a chance of cure 
in gastric cancer. Gamma probe reinforces the dual method 
by objectively measuring the radioisotope. The intensity of 
radioisotope is expressed in numbers to objectively check 
the sentinel node, which is the reason why dual method is 
currently adopted as a standard procedure. Then, would it 
be possible to objectively quantify the sentinel node with 

Table 3   Result of sentinel basin 
mapping

SLN sentinel lymph node, HBN hot and blue node, HN hot node, NSLN non-sentinel lymph node, MAX 
maximum fluorescence intensity of sentinel node, MIN minimum fluorescence intensity of sentinel node
a The cut-off value was calculated from the ratio of the highest and lowest value of sentinel node fluores-
cence intensity
b Patient 7 and 23 showed sentinel node metastasis in frozen biopsy
c The minimum fluorescence values for Patient 18 and 24 were an exceedingly low value with respect to the 
maximum value (cut-off 0.02)

Patient SLN NSLN MAX MIN Cut-offa

HBN HN Location

1 2 3 #3,7 3 7538 3708 0.49
2 0 2 #3,7 8 5126 4117 0.80
3 1 5 #6,7 8 7749 850 0.11
4 2 0 #6,8 17 7713 5216 0.68
5 6 1 #3,7 4 7142 3000 0.42
6 3 3 #3,7 5 4300 2247 0.52
7b 1 10 #6,8 4 5300 1100 0.21
8 1 1 #4d 2 5100 2400 0.47
9 2 14 #1,3 6 5700 1300 0.23
10 1 2 #3,4d 21 3485 1900 0.55
11 2 4 #6,7 4 6637 3435 0.52
12 1 3 #1,3 7 4093 3039 0.74
13 2 0 #1,3 2 5364 3040 0.57
14 0 10 #3,4d,6,7 7 7756 1140 0.15
15 0 10 #3 8 4834 1444 0.30
16 2 0 #3 0 1980 1600 0.81
17 1 4 #4d 22 5408 1500 0.29
18c 3 8 #6,8 20 6710 145 0.02
19 1 7 #4d 15 3734 800 0.21
20 0 9 #3 17 7634 1362 0.18
21 1 10 #3,4d,7 21 14,000 4200 0.30
22 2 6 #4d,6 9 9000 3300 0.37
23b 3 8 #3,4d,6 12 29,509 8730 0.30
24c 2 4 #3,4d 12 14,000 260 0.02
25 0 4 #3 1 4100 1530 0.37
26 1 8 #3,7 16 35,000 19,000 0.54
27 0 2 #6 5 6800 4500 0.66
28 0 6 #4d 3 12,000 2200 0.18
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sensitivity and specificity similar to dual method without 
using radioisotope? We initiated this pilot study in thoughts 
that if the fluorescence expression could be objectified in 
numbers in collaboration with fluorescent imaging tech-
nique; it could substitute the dual method completely and 
safely without using radiation.

Sentinel basin dissection was performed in 28 patients 
using the standard dual method, and all hot node, hot and 
blue node, and non-sentinel node were identified in the 
back table. Each and every node were picked and put in 
the ANIMA scope and their values were recorded. The 
ICG intensities checked in the sentinel nodes were gener-
ally higher than the parameters from non-sentinel nodes 
(Fig. 3). We needed to set a standard fluorescence value for 

each individual patient in order to detect all of the nodes 
confirmed to be sentinel node by dual method. The cut-off 
value was calculated from the ratio of the highest and low-
est value of sentinel node fluorescence intensity. The result 
showed that it was most reasonable to exclude Patient 18 and 
24, whose intensity in the sentinel node showed an excep-
tionally low value (confirmed to be free from metastasis), 
and to regard any value above 10% of the maximum fluo-
rescence value to be sentinel nodes (Fig. 2). In Patient 7 
and 23 who showed to have actual lymph node metastasis 
by pathologic finding, sentinel node was readily detectable 
from the 10% cut-off value.

We believe that this study will play a role in popularizing 
SNNS in gastric cancer. Although false positivity is 25.4% 
which is relatively high compared to the current standard of 
dual method, ANIMA scope was able to detect nearly 99% 
of sentinel nodes found by dual method. Also, our attempt 
marks the first prospective study to numerically objectify the 
sentinel node without using radiation, and the procedure was 
easily performed without using any sophisticated or dan-
gerous devices. By using near-infrared imaging to detect 
sentinel nodes and checking the fluorescence intensity by 
ANIMA scope, a new kind of dual method may be adopted 
for SNNS as a standard procedure.

There are, however, some limitations in this study. First, 
the fluorescence intensity parameters had a wide varia-
tion between each individual. For example, the highest 
value for sentinel node is 35,000 AU in Patient 26, but 
Patient 25 showed 4100 AU, revealing a large gap existing 
between patients. Patients 18 and 24, who were excluded 
from the analysis, showed lowest sentinel lymph node 
value of 145 AU and 260 AU, which is a value lower than 

Fig. 2   Cut-off value

Table 4   Comparison of sentinel basin dissection between dual 
method and new sentinel node detection method (cut-off value 10%)

a New sentinel node detection method missed two nodes that were 
found positive by dual method
b New sentinel node detection method detected 62 sentinel nodes that 
were non-sentinel nodes in dual method

Dual method New sentinel 
node detection 
method

Number of sentinel nodes 184 244
Number of non-sentinel node 259 199
Total number of lymph node 443 443
Sensitivity (%)a 98.9 (182/184)
Specificity (%) 76.0 (197/259)
False positivity (%)b 25.4 (62/244)
False negativity (%) 1.0 (2/199)
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non-sentinel node (Table 3). Although no metastasis was 
observed in the frozen biopsy, these two lymph nodes 
deterred the achievement of zero false negativity in com-
parison with the dual method, which can be a potential 
threat to patients. Among many explanations for this phe-
nomenon, the initial reason is due to a fundamental prob-
lem of ICG fluorescence inevitably showing individual 
discrepancy. The condition of lymphatic flow, body mass 
index, and the amount of visceral fat all differs between 
patients, and the accuracy of submucosal injection largely 
depends on the experience of the endoscopist, associated 
with the difference in fluorescence between individuals. 
More important factor is the depth of the measured signal. 
The measured depth indicates the depth of lymph node 
or any other target from the surface. If the target is deep 
under the surface, it may be measurable, but the signal 
weakens after passing through vessels, nerves, and con-
nective tissues [26]. In this study, each node was picked in 
the back table and the fluorescence intensity was quanti-
fied through the ANIMA scope. Even if the nodes were 
cleanly dissected, the density and the component of the 
fat tissue surrounding the nodes differ for each patient, 
naturally resulting in discrepancy in fluorescence value. 
Blood or any other debris around the nodes or even elec-
trocoagulation may affect the fluorescence value. Since 
these factors hinder an accurate comparison between indi-
viduals, it is preferable to search for sentinel nodes based 
on comparison between normal autologous tissues that 
are expected to lack fluorescence for each patient. Once 
technical advancement is achieved on data correction in 
relation to the depth, more accurate results can be drawn.

Second limitation is a high false positivity compared to 
dual method. While this study proposed a cut-off value of 
10%, the applied calculation resulted in counting 62 nodes 
as a sentinel lymph node which the dual method sorted as 
a non-sentinel node. For example, node number 14 from 
Patient 7 showed 1034 AU, which is a non-sentinel node 
when using dual method. ANIMA scope, however, meas-
ured over 530 AU (10% of maximum value of 5300 AU), 
diagnosing it as sentinel node (Table 2). High false positiv-
ity degrades the efficiency of the procedure and delays the 
operation time, which could be an obstacle in popularization 
of ANIMA scope.

Third limitation is the need for the lymph node to be 
extracted for it to be measured. Dual method uses laparo-
scopic gamma radioisotope probe inside the inflated abdomi-
nal cavity where the sentinel basin dissection is performed 
for detection of sentinel lymph node. In this study, however, 
near-infrared image was used for the removal of sentinel 
basin, and the extracted node was put in the ANIMA scope 
outside of the body. Consequently, the process of sentinel 
basin dissection was performed by resecting nodes that were 
identified by naked eye, meaning that the procedure was 
carried out without any method of objectification. This is 
a common issue in all measuring devices, of the fact that 
difficulty exists in measuring substances under dynamic 
condition. The measurement of fluorescence is particularly 
sensitive, and the outcome may likely be inaccurate if meas-
urement is not made in a fixed position. Further advance-
ment of technology will be able to create ANIMA scope for 
laparoscopic usage, but it is doubtful that the laparoscopic 
environment surpasses the fluorescent measurement done 

Fig. 3   The value of ICG inten-
sity of all patients (scatter plot)
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by extracorporeal method. Lastly, this is a pilot study with 
limited sample size. Further evaluation is needed in regards 
to the validity of the method in detecting sentinel basin.

In conclusion, by using ANIMA scope, we were able 
to detect all sentinel nodes possible by dual method. Even 
though it is a small sampled pilot study, objectification by 
quantification of sentinel node was possible in EGC patients 
by using only vital dye. If supplemented by using ANIMA 
scope, we expect that the fluorescent imaging technology, 
which is currently in a rapidly developing pace, can become 
one of the methods which would be able to replace the initial 
dual method.

Acknowledgements  This work was funded by the Seoul Metropolitan 
Government, Korea, under Contract of R & BD Program WR100001.

Compliance with ethical standards 

Disclosure  Dong-Wook Kim, Bosu Jeong, Il-hyung Shin, Uk Kang, 
Yoontaek Lee, Young Suk Park, Sang-Hoon Ahn, Do Joong Park, and 
Hyung-Ho Kim have no conflicts of interest or financial ties to disclose.

Ethical approval  The study was approved by Institutional Review 
Board of Seoul National University Bundang Hospital (registration 
number: E-1208/167007). The patients were fully informed of the study 
and filled out a written informed consent. This study was conducted 
according to the principles of the Declaration of Helsinki.

References

	 1.	 Information Committee of Korean Gastric Cancer Association 
(2016) Korean gastric cancer association nationwide survey on 
gastric cancer in 2014. J Gastric Cancer 16(3):131–140

	 2.	 Katai H, Ishikawa T, Akazawa K, Isobe Y, Miyashiro I, Oda I, 
Tsujitani S, Ono H, Tababe S, Fukagawa T, Nunobe S, Kakeji Y, 
Nashimoto A, Registration Committee of the Japanese Gastric 
Cancer Association (2017) Five-year survival analysis of surgi-
cally resected gastric cancer cases in Japan: a retrospective analy-
sis of more than 100,000 patients from the nationwide registry of 
the Japanese Gastric Cancer Association (2001–2007). Gastric 
Cancer. https​://doi.org/10.1007/s1012​0-017-0716-7

	 3.	 Gotoda T, Yanagisawa A, Sasako M, Ono H, Nakanishi Y, Shi-
moda T, Kato Y (2000) Incidence of lymph node metastasis from 
early gastric cancer: estimation with a large number of cases at 
two large centers. Gastric Cancer 3(4):219–225

	 4.	 Sasako M, McCulloch P, Kinoshita T, Maruyama K (1995) New 
method to evaluate the therapeutic value of lymph node dissection 
for gastric cancer. Br J Surg 82(3):346–351

	 5.	 Park DJ, Kim HH, Park YS, Lee HS, Lee WW, Lee HJ, Yang 
HK (2011) Simultaneous indocyanine green and (99m)Tc-anti-
mony sulfur colloid-guided laparoscopic sentinel basin dissection 
for gastric cancer. Ann Surg Oncol 18(1):160–165. https​://doi.
org/10.1245/s1043​4-010-1221-y

	 6.	 Park JY, Kook MC, Eom BW, Yoon HM, Kim SJ, Rho JY, Kim 
SK, Kim YI, Cho SJ, Lee JY, Kim CG, Choi IJ, Kim YW, Ryu 
KW (2016) Practical intraoperative pathologic evaluation of 
sentinel lymph nodes during sentinel node navigation surgery 
in gastric cancer patients—proposal of the pathologic protocol 

for the upcoming SENORITA trial. Surg Oncol 25(3):139–146. 
https​://doi.org/10.1016/j.suron​c.2016.05.004

	 7.	 Lee HS, Lee HE, Park DJ, Park YS, Kim HH (2012) Precise 
pathologic examination decreases the false-negative rate of 
sentinel lymph node biopsy in gastric cancer. Ann Surg Oncol 
19(3):772–778. https​://doi.org/10.1245/s1043​4-011-2106-4

	 8.	 Kitagawa Y, Takeuchi H, Takagi Y, Natsugoe S, Terashima M, 
Murakami N, Fujimura T, Tsujimoto H, Hayashi H, Yoshimizu 
N, Takagane A, Mohri Y, Nabeshima K, Uenosono Y, Kinami 
S, Sakamoto J, Morita S, Aikou T, Miwa K, Kitajima M (2013) 
Sentinel node mapping for gastric cancer: a prospective multi-
center trial in Japan. J Clin Oncol 31(29):3704–3710. https​://
doi.org/10.1200/JCO.2013.50.3789

	 9.	 Takeuchi H, Kitagawa Y (2013) New sentinel node map-
ping technologies for early gastric cancer. Ann Surg Oncol 
20(2):522–532. https​://doi.org/10.1245/s1043​4-012-2602-1

	10.	 Mitsumori N, Nimura H, Takahashi N, Kawamura M, Aoki 
H, Shida A, Omura N, Yanaga K (2014) Sentinel lymph node 
navigation surgery for early stage gastric cancer. World J Gas-
troenterol 20(19):5685–5693. https​://doi.org/10.3748/wjg.v20.
i19.5685

	11.	 Kitagawa Y, Fujii H, Mukai M, Kubota T, Ando N, Watanabe M, 
Ohgami M, Otani Y, Ozawa S, Hasegawa H, Furukawa T, Kumai 
K, Ikeda T, Nakahara T, Kubo A, Kitajima M (2000) The role of 
the sentinel lymph node in gastrointestinal cancer. Surg Clin North 
Am 80(6):1799–1809

	12.	 Yoshida M, Kubota K, Kuroda J, Ohta K, Nakamura T, Saito J, 
Kobayashi M, Sata T, Beck Y, Kitagawa Y, Kitajima M (2012) 
Indocyanine green injection for detecting sentinel nodes using 
color fluorescence camera in the laparoscopy-assisted gastrec-
tomy. J Gastroenterol Hepatol 27(Suppl 3):29–33. https​://doi.org
/10.1111/j.1440-1746.2012.07067​.x

	13.	 Tonouchi H, Mohri Y, Tanaka K, Kobayashi M, Ohmori Y, Kusu-
noki M (2005) Laparoscopic lymphatic mapping and sentinel node 
biopsies for early-stage gastric cancer: the cause of false negativ-
ity. World J Surg 29(4):418–421. https​://doi.org/10.1007/s0026​
8-004-7732-6

	14.	 Iga AM, Robertson JH, Winslet MC, Seifalian AM (2007) Clinical 
potential of quantum dots. J Biomed Biotechnol 2007(10):76087. 
https​://doi.org/10.1155/2007/76087​

	15.	 Kim S, Lim YT, Soltesz EG, De Grand AM, Lee J, Nakayama 
A, Parker JA, Mihaljevic T, Laurence RG, Dor DM, Cohn LH, 
Bawendi MG, Frangioni JV (2004) Near-infrared fluorescent type 
II quantum dots for sentinel lymph node mapping. Nat Biotechnol 
22(1):93–97. https​://doi.org/10.1038/nbt92​0

	16.	 Kong SH, Noh YW, Suh YS, Park HS, Lee HJ, Kang KW, Kim 
HC, Lim YT, Yang HK (2015) Evaluation of the novel near-
infrared fluorescence tracers pullulan polymer nanogel and indo-
cyanine green/gamma-glutamic acid complex for sentinel lymph 
node navigation surgery in large animal models. Gastric Cancer 
18(1):55–64. https​://doi.org/10.1007/s1012​0-014-0345-3

	17.	 Lee CM, Park S, Park SH, Jung SW, Choe JW, Sul JY, Jang YJ, 
Mok YJ, Kim JH (2016) Sentinel node mapping using a fluores-
cent dye and visible light during laparoscopic gastrectomy for 
early gastric cancer: result of a prospective study from a single 
institute. Ann Surg 265(4):766–773. https​://doi.org/10.1097/
SLA.00000​00000​00173​9

	18.	 Washington K (2010) 7th edition of the AJCC cancer staging 
manual: stomach. Ann Surg Oncol 17(12):3077–3079. https​://doi.
org/10.1245/s1043​4-010-1362-z

	19.	 Kang U, Berezin VB, Bae SJ, Kim SV (2011) Multispectral fluo-
rescence organoscopes for in vivo studies of laboratory animals 
and their organs. J Opt Technol 78(9):82–90

	20.	 Japanese Gastric Cancer Association (2017) Japanese gastric can-
cer treatment guidelines 2014 (ver. 4). Gastric Cancer 20(1):1–19. 
https​://doi.org/10.1007/s1012​0-016-0622-4

https://doi.org/10.1007/s10120-017-0716-7
https://doi.org/10.1245/s10434-010-1221-y
https://doi.org/10.1245/s10434-010-1221-y
https://doi.org/10.1016/j.suronc.2016.05.004
https://doi.org/10.1245/s10434-011-2106-4
https://doi.org/10.1200/JCO.2013.50.3789
https://doi.org/10.1200/JCO.2013.50.3789
https://doi.org/10.1245/s10434-012-2602-1
https://doi.org/10.3748/wjg.v20.i19.5685
https://doi.org/10.3748/wjg.v20.i19.5685
https://doi.org/10.1111/j.1440-1746.2012.07067.x
https://doi.org/10.1111/j.1440-1746.2012.07067.x
https://doi.org/10.1007/s00268-004-7732-6
https://doi.org/10.1007/s00268-004-7732-6
https://doi.org/10.1155/2007/76087
https://doi.org/10.1038/nbt920
https://doi.org/10.1007/s10120-014-0345-3
https://doi.org/10.1097/SLA.0000000000001739
https://doi.org/10.1097/SLA.0000000000001739
https://doi.org/10.1245/s10434-010-1362-z
https://doi.org/10.1245/s10434-010-1362-z
https://doi.org/10.1007/s10120-016-0622-4


1243Surgical Endoscopy (2019) 33:1235–1243	

1 3

	21.	 Takeuchi H, Kitagawa Y (2015) Sentinel lymph node biopsy in 
gastric cancer. Cancer J 21(1):21–24. https​://doi.org/10.1097/
PPO.00000​00000​00008​8

	22.	 Miwa K, Kinami S, Taniguchi K, Fushida S, Fujimura T, Non-
omura A (2003) Mapping sentinel nodes in patients with early-
stage gastric carcinoma. Br J Surg 90(2):178–182. https​://doi.
org/10.1002/bjs.4031

	23.	 Hayashi H, Ochiai T, Mori M, Karube T, Suzuki T, Gunji Y, 
Hori S, Akutsu N, Matsubara H, Shimada H (2003) Sentinel 
lymph node mapping for gastric cancer using a dual procedure 
with dye—and gamma probe-guided techniques. J Am Coll Surg 
196(1):68–74

	24.	 Kitagawa Y, Saikawa Y, Takeuchi H, Mukai M, Nakahara T, Kubo 
A, Kitajima M (2006) Sentinel node navigation in early stage 
gastric cancer: Updated data and current status. Scand J Surg 
95(4):256–259. https​://doi.org/10.1177/14574​96906​09500​408

	25.	 Park JY, Kim YW, Ryu KW, Nam BH, Lee YJ, Jeong SH, Park JH, 
Hur H, Han SU, Min JS, An JY, Hyung WJ, Cho GS, Jeong GA, 
Jeong O, Park YK, Jung MR, Yoon HM, Eom BW (2016) Assess-
ment of laparoscopic stomach preserving surgery with sentinel 
basin dissection versus standard gastrectomy with lymphadenec-
tomy in early gastric cancer: a multicenter randomized phase III 
clinical trial (SENORITA trial) protocol. BMC Cancer 16:340. 
https​://doi.org/10.1186/s1288​5-016-2336-8

	26.	 Meric-Bernstam F, Rasmussen JC, Krishnamurthy S, Tan I, 
Zhu B, Wagner JL, Babiera GV, Mittendorf EA, Sevick-Muraca 
EM (2013) Toward nodal staging of axillary lymph node basins 
through intradermal administration of fluorescent imaging agents. 
Biomed Opt Express 5(1):183–196. https​://doi.org/10.1364/
BOE.5.00018​3

https://doi.org/10.1097/PPO.0000000000000088
https://doi.org/10.1097/PPO.0000000000000088
https://doi.org/10.1002/bjs.4031
https://doi.org/10.1002/bjs.4031
https://doi.org/10.1177/145749690609500408
https://doi.org/10.1186/s12885-016-2336-8
https://doi.org/10.1364/BOE.5.000183
https://doi.org/10.1364/BOE.5.000183

	Sentinel node navigation surgery using near-infrared indocyanine green fluorescence in early gastric cancer
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Methods
	Study design and participants
	Eligibility criteria
	Multispectral fluorescence organoscope
	Procedure for detecting sentinel lymph node
	Data collection

	Results
	Discussion
	Acknowledgements 
	References


