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ABSTRACT
Purpose: Identification of the infrapyloric artery (IPA) type is a key component of pylorus-
preserving gastrectomy. As the indocyanine green (ICG) fluorescence technique is known to 
help visualize blood vessels and flow during reconstruction, we speculated that this emerging 
technique would be helpful in identifying the IPA type.
Materials and Methods: From August 2015 to February 2016, 20 patients who underwent 
robotic or laparoscopic gastrectomy were prospectively enrolled. After intravenous injection 
of approximately 3 mL of ICG (2.5 mg/mL), a near-infrared fluorescence apparatus was 
applied. The identified shape of the IPA was confirmed by examining the actual anatomy 
following infrapyloric dissection.
Results: The mean interval time between ICG injection and visualization of the artery 
was 22.2 seconds (range, 14–30 seconds), and the mean duration of the arterial phase 
was 16.1 seconds (range, 9–30 seconds). The overall positive predictive value (PPV) of ICG 
fluorescence in identifying the IPA type was 80% (16/20). The IPA type was incorrectly 
predicted in four patients, all of whom were obese with a body mass index (BMI) of more 
than 25 kg/m2.
Conclusions: Our preliminary results indicate that intraoperative vascular imaging using the 
ICG fluorescence technique may be helpful for robotic or laparoscopic pylorus-preserving 
gastrectomy.
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INTRODUCTION

The performance of laparoscopic gastrectomy is increasing in combination with function-
preserving surgery due to the increased incidence of early gastric cancer in Korea and Japan 
[1,2]. Since the extent of gastric resection is modified in function-preserving gastrectomy, 
remnant gastric function can be preserved as much as possible and the post-gastrectomy 
syndrome can be milder than that following conventional gastrectomy [3-6].

Laparoscopy-assisted pylorus-preserving gastrectomy (LAPPG) provides definitive clinical 
benefits, such as good nutritional status, fewer complications, and a lower incidence of 
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postoperative gallbladder stones compared with laparoscopy-assisted distal gastrectomy 
[7,8]. However, it has not gained in popularity owing to postoperative delayed gastric 
emptying and the technical difficulty of infrapyloric lymph node dissection.

From the technical viewpoint, preservation of the infrapyloric artery (IPA) is essential to 
achieving a successful LAPPG. A recent study reported the anatomical characteristics of 
the IPA, including classification according to its origins and the incidence of each type [9]. 
However, preservation of the IPA remains challenging because the IPA is poorly identifiable 
in preoperative imaging studies and tactile sensation is limited during laparoscopic surgery.

Recently, indocyanine green (ICG) fluorescence imaging technology has been applied to 
detect sentinel lymph nodes in gastric cancer and to visualize blood flow during vascular 
surgery or esophageal reconstructive surgery [10-15]. This emerging technique might be 
helpful in identifying the origin and shape of a vessel during a laparoscopic gastrectomy 
procedure, such as LAPPG. Thus, this pilot study was performed to evaluate the feasibility 
of the ICG fluorescence imaging technique in identifying the IPA type during robotic or 
laparoscopic gastrectomy. As an ancillary study, we also applied this technique to aid the 
identification of an accessory splenic artery in order to evaluate whether it was helpful to 
minimize unintended surgical insults such as inferior splenic infarction after ligation of the 
left gastroepiploic artery (LGEA).

MATERIALS AND METHODS

Patients
This study was approved by the Institutional Review Board of Ajou University Hospital (IRB 
No. AJIRB-MED-DE1-15-011). Patients with gastric cancer were prospectively enrolled in this 
study after informed consent was obtained. Patients with a history of allergic reaction to 
ICG, those in whom poor excretion of ICG was expected such as those with liver cirrhosis, 
and those who underwent palliative surgery were excluded. From August 2015 to February 
2016, 20 patients who underwent robotic or laparoscopic gastrectomy for gastric cancer were 
enrolled in this study. In a subgroup analysis, the patients were divided into an obese group 
(body mass index [BMI] ≥25 kg/m2; n=10) and a non-obese group (BMI <25 kg/m2; n=10) 
according to the World Health Organization (WHO) definition of obesity in the Asia-Pacific 
region [16].

Identification of vessel shapes using near-infrared fluorescence
Before identification of the IPA, the right gastroepiploic vein was ligated and a small part of 
the right gastroepiploic artery (RGEA) was exposed. Then, 3 mL of ICG was administered 
intravenously at a concentration of 2.5 mg/mL. Firefly™ fluorescence imaging technology 
of the Da Vinci Si robotic platform (Intuitive Surgical Inc., Sunnyvale, CA, USA) was applied 
during robotic surgery, and the Storz Spiel Full HD D-Light P ICG technology (KARL STORZ 
GmbH & Co. KG, Tuttlingen, Germany) was introduced for laparoscopic surgery.

The shapes of the IPA were classified into 3 types according to its origins as follows: 1) a 
distal type with the IPA originating from the anterior superior pancreaticoduodenal artery, 
2) a caudal type with the IPA originating from the RGEA, and 3) a proximal type with the IPA 
originating from the gastroduodenal artery [9]. The IPA types visualized by ICG fluorescence 
were compared with the actual vessel anatomies after infrapyloric dissection during the 
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operations. Procedural times were also measured, such as the interval time from ICG 
injection to arterial visualization, and the arterial phase time during which the artery was 
visualized and identifiable from adjacent organs prior to venous visualization.

A similar procedure was conducted to visualize an accessory splenic artery originating 
from the LGEA following identification of the left gastroepiploic vessels, in which the same 
amount of ICG was injected intravenously and a near-infrared fluorescence apparatus was 
applied. The presence of an accessory splenic artery, the interval time, and the arterial 
phase time were all evaluated.

Statistical analysis
Statistical analysis was performed using SPSS version 18.0 (SPSS Inc., Chicago, IL, USA). The 
Mann-Whitney U test was applied for the subgroup analyses. A P-value <0.05 was considered 
statistically significant.

RESULTS

Patient characteristics
Of the 20 patients, 14 underwent robotic gastrectomy and 6 underwent laparoscopic 
gastrectomy. Fifteen patients (75.0%) underwent subtotal gastrectomy and 5 (25.0%) 
underwent total gastrectomy. The mean age of the patients was 57.3 years, and the male to 
female ratio was 2.6:1. The mean BMI was 24.4 kg/m2, and 10 patients (50.0%) had a BMI of 
more than or equal to 25 kg/m2 (Table 1). No adverse effects such as an allergic reaction were 
observed in all cases.

Appearances of IPAs visualized by ICG fluorescence
The appearances of the visualized vessels are shown in Fig. 1. In the distal type, 2 separated 
fluorescent streams were well visualized simultaneously at the beginning of the arterial 
phase. The IPA was visualized at the pancreas head, with the left side adjacent to the RGEA. 
In the caudal type, a fluorescent stream of the RGEA was divided into 2 streams. In the 
proximal type, the duodenum was first visualized with small vessels around it just before the 
arterial phase, and then the RGEA was solely visualized.
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Table 1. Patient demographics
Characteristics Values
No. of patients 20
Age (yr) 55.9±16.7
Sex (male:female) 14:6
BMI (kg/m2) 24.4±3.8

<25 10 (50.0)
≥25 10 (50.0)

Approach
Robot 14 (70.0)
Laparoscopy 6 (30.0)

Extent of resection
Distal gastrectomy 15 (75.0)
Total gastrectomy 5 (25.0)

Values are presented as number of patients (%) or mean ± standard deviation. 
BMI = body mass index.
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Positive predictive value (PPV) of ICG fluorescence for IPA classification
The interval time was defined as the time from ICG injection to arterial visualization, and the 
arterial phase time was defined as the time from arterial visualization to venous visualization. 
The mean interval time was 22.2 seconds (range, 14–30), and the mean arterial phase time was 
16.1 seconds (range, 9–30). The mean total procedural time was 38.5 seconds (range, 24–57); 
therefore, the entire procedure for identifying the IPA type required less than one minute.

In 16 patients (80.0%), the visualized IPA type was coincident with the real vessel anatomy. 
Two of 9 assumed distal types were proximal types upon examination of the actual anatomy, 
and 2 of 7 assumed caudal types were actually the distal or proximal type. Thus, the PPV of 

148https://jgc-online.org https://doi.org/10.5230/jgc.2017.17.e17

Vessel Navigation Using ICG Fluorescence

A

B

C

RGEA

ASPDA

IPA

GDA

RGEA

ASPDA

IPA

GDA

RGEA

ASPDA

IPA

GDA

Before ICG injection After ICG injection

IPA

IPA

Duodenum

Duodenum

Duodenum

Pancreas head

Pancreas head

RGEA

RGEA

RGEA

Pancreas

Fig. 1. ICG fluorescence images of various IPA types and an accessory splenic artery. (A) In the distal type, 2 separated fluorescent streams (blue arrows) arise 
from the pancreas head. (B) In the caudal type, a stream is divided into 2 (blue arrows) at the RGEA. (C) In the proximal type, the duodenum is slightly visualized 
without any vessel visualization, and then the RGEA is solely visualized (blue arrow). 
IPA = infrapyloric artery; RGEA = right gastroepiploic artery; GDA = gastroduodenal artery; ASPDA = anterior superior pancreaticoduodenal artery; ICG = 
indocyanine green.
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the classification was 77.8% for the distal type, 71.4% for the caudal type, and 100% for the 
proximal type. However, with respect to the actual anatomy, the PPV of the proximal type 
classification (57.1%) was lower than that of the other types (Table 2).

In 4 patients, we failed to predict the actual IPA type, and all of these patients had a BMI of 
more than 25 kg/m2 (Table 3). However, there was no difference in procedural times between 
the obese and non-obese subgroups.

ICG fluorescence for identifying an accessory splenic artery
In 12 patients, the feasibility of using ICG fluorescence to identify an accessory splenic artery 
of the LGEA, which is frequently injured during gastrectomy (Table 4), was evaluated. Six 
patients were identified to have an accessory splenic artery and the origins of each of them 
were easily identified (Fig. 2). After the use of ICG fluorescence, no splenic infarction was 
observed following ligation of the left gastroepiploic vessels in all cases. Regarding the 
procedural times, the mean interval time, arterial phase time, and total procedural time were 
19.9, 11.5, and 31.5 seconds, respectively. These times were significantly shorter than the 
measured times for the IPA (19.9 vs. 22.1 seconds, P=0.034; 11.5 vs. 15.9 seconds, P=0.010; 
31.5 vs. 38.8 seconds, P=0.003).

149https://jgc-online.org https://doi.org/10.5230/jgc.2017.17.e17

Vessel Navigation Using ICG Fluorescence

Table 2. The PPV of ICG fluorescence for the IPA type
IPA types ICG fluorescence PPV

Distal Caudal Proximal
Real anatomy Distal 7 1 0 7/8 (87.5)

Caudal 0 5 0 5/5 (100.0)
Proximal 2 1 4 4/7 (57.1)

PPV 7/9 (77.8) 5/7 (71.4) 4/4 (100) 16/20 (80.0)
Values are presented as number (%). 
ICG = indocyanine green; IPA = infrapyloric artery; PPV = positive predictive value.

Table 3. Comparison of ICG fluorescence outcomes between obese and non-obese patients
Characteristics Obese* (BMI ≥25 kg/m2) Non-obese (BMI <25 kg/m2) P-value
No. of patients 10 10 -
PPV 6/10 (60.0) 10/10 (100.0) 0.087
Interval time† (sec) 23.2 (18–28) 21.2 (14–30) 0.315
Arterial phase† (sec) 18.3 (10–30) 14.0 (9–20) 0.190
Total procedural time† (sec) 40.9 (30–57) 36.2 (24–47) 0.353
Values are presented as number of patients (%) or mean (range). 
ICG = indocyanine green; BMI = body mass index; PPV = positive predictive value; WHO = World Health Organization. 
*The WHO definition of obesity in the Asia-Pacific region; †Mann-Whitney U test was applied.

Table 4. Outcomes of the identification of an accessory splenic artery from the LGEA
Characteristics Values
No. of patients 12
Visualization by ICG fluorescence

Identified 6 (50.0)
Not identified 6 (50.0)

Splenic infarction after ligation of the LGEA 0
Measured time (sec)

Interval time 19.9 (10–26)
Arterial phase 11.5 (6–17)
Total procedural time 31.5 (18–41)

Values are presented as number of patients (%) or mean (range). 
ICG = indocyanine green; LGEA = left gastroepiploic artery.
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DISCUSSION

Gastric cancer surgery is evolving from empirically based to real-time navigated operations 
along with advances in imaging devices. Currently, a robotic surgical platform is a 
representative assembly for real-time surgical imaging via the TilePro™ (Intuitive Surgical Inc.) 
and Firefly™ technologies (Intuitive Surgical Inc.). TilePro™ is a type of multi-input display 
mode that allows preoperative computed tomography (CT) images to be integrated into the 
robotic surgical console, enabling surgeons to see both the CT images and the surgical view 
simultaneously during the operation. Kim et al. [17] reported 12 cases of image-guided robotic 
gastric cancer surgery using TilePro™ and 3D-reconstructed vascular images. In a recent study, 
Firefly™ was applied to the harvesting of lymph nodes for lymphadectomy as an adjunct to the 
identification of relevant lymph node basins in real time during robotic gastrectomy [18].

Recently, near-infrared fluorescence imaging technology has been integrated into laparoscopic 
systems by some manufacturers, and a few investigators have attempted to apply this emerging 
technology to gastric surgery. Miyashiro et al. [19] first reported the laparoscopic detection 
of sentinel nodes in gastric cancer surgery using ICG fluorescence. Rino et al. [13] used ICG 
fluorescence imaging to visualize the blood supply route to the reconstructed stomach during 
esophagectomy. However, these were preliminary studies with small sample sizes; thus, further 
studies and more evidence are required to verify its wide application in clinical practice.

Similarly, we conducted this pilot study to determine the adjunct role of ICG fluorescence in 
gastric surgery. To the best of our knowledge, this study is the first to evaluate the feasibility 
of intraoperative ICG fluorescence imaging in the identification of the shape and origin of 
small vessels, which are unpredictable based on preoperative imaging studies. Our results 
showed that the IPA type was identified correctly in 80% of cases, with a procedural time of 
less than one minute. We believe that this technology may be helpful for reducing operative 
time and blood loss, especially for surgeons who are inexperienced in LAPPG or for novices 
who are inexperienced in laparoscopic infrapyloric dissection, which is the most difficult and 

150https://jgc-online.org https://doi.org/10.5230/jgc.2017.17.e17

Vessel Navigation Using ICG Fluorescence

Stomach

Short gastric artery

Splenic artery Accessory splenic artery

Spleen

Fig. 2. An accessory splenic artery (blue arrows) from the LGEA. 
LGEA = left gastroepiploic artery.
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time-consuming procedure in laparoscopy-assisted distal gastrectomy [20]. However, further 
studies are needed to validate the potential role of intraoperative ICG fluorescence imaging.

In the present study, we also applied this technique in 10 patients for the detection of an 
accessory splenic artery, as an ancillary study. An accessory splenic artery arises from the 
left gastroepiploic vessel and enters the inferior part of the spleen, which is frequently 
unintentionally injured following ligation of the LGEA. Even though inferior splenic infarction 
is rarely symptomatic and has no clinical significance, we assumed that the ICG fluorescence 
technique would be helpful to minimize this kind of unintended surgical insult. In addition, 
we were curious as to whether the procedural times would vary according to the location of 
the target arteries. In the present study, we were able to easily identify the presence or absence 
of an accessory splenic artery by applying ICG fluorescence, and the ligation level of the left 
gastroepiploic vessels was able to be determined such that no splenic infarction occurred. 
Furthermore, we found that the procedural times, including the interval and arterial phase 
times, differed according to the location of the vessel. The interval and arterial phase times 
were significantly shorter for the left gastroepiploic vessels than for the right gastroepiploic 
vessels. These findings might be helpful for researchers who are considering the use of ICG 
fluorescence for vessel navigation due to the rapid transit time of ICG.

There are several limitations in the present study. First, this study was only performed in 
patients who underwent laparoscopic subtotal or total gastrectomy, and not those who 
underwent LAPPG, because it was designed as a pilot study to evaluate whether this technique 
was applicable to the identification of small vessels during surgery. Therefore, a further study 
of patients undergoing LAPPG is necessary to confirm our preliminary results. Second, 
the fluorescence apparatus used in this study has a limitation: the fluorescence spectra are 
optimized only for ICG. Near-infrared light can penetrate human tissues to a depth of 2–4 cm; 
however, it is greatly influenced by the overlying tissue thickness [21-24]. This is true for the 
excitation and emission wavelengths of ICG; therefore, a penetration depth of only several 
millimeters with low fidelity can be achieved [21,25,26]. In future studies, this shortcoming of 
near-infrared fluorescence should be improved and other fluorophores should be developed for 
the wide application of near-infrared fluorescence in clinical practice.

Based on our experience, real-time vessel navigation using ICG fluorescence during 
laparoscopic gastrectomy was proven feasible with minimal added complexity. Our preliminary 
results indicate that intraoperative vascular imaging using the ICG fluorescence technique is 
useful for identifying the shapes and origins of small vessels such as the IPA and an accessory 
splenic artery. Its use may enable the performance of successful robotic or laparoscopic 
pylorus-preserving gastrectomy, with a reduction in unintended intraoperative injuries such as 
inferior polar infarction of the spleen during laparoscopic gastrectomy.

REFERENCES

	 1.	 Yada T, Yokoi C, Uemura N. The current state of diagnosis and treatment for early gastric cancer. Diagn 
Ther Endosc 2013;2013:241320. 
PUBMED | CROSSREF

	 2.	 Jeong O, Park YK. Clinicopathological features and surgical treatment of gastric cancer in South Korea: 
the results of 2009 nationwide survey on surgically treated gastric cancer patients. J Gastric Cancer 
2011;11:69-77. 
PUBMED | CROSSREF

151https://jgc-online.org https://doi.org/10.5230/jgc.2017.17.e17

Vessel Navigation Using ICG Fluorescence

http://www.ncbi.nlm.nih.gov/pubmed/23533320
https://doi.org/10.1155/2013/241320
http://www.ncbi.nlm.nih.gov/pubmed/22076206
https://doi.org/10.5230/jgc.2011.11.2.69
http://jgc-online.org


	 3.	 Isozaki H, Matsumoto S, Murakami S, Takama T, Sho T, Ishihara K, et al. Diminished gastric resection 
preserves better quality of life in patients with early gastric cancer. Acta Med Okayama 2016;70:119-130.
PUBMED

	 4.	 Ronellenfitsch U, Najmeh S, Andalib A, Perera RM, Rousseau MC, Mulder DS, et al. Functional outcomes 
and quality of life after proximal gastrectomy with esophagogastrostomy using a narrow gastric conduit. 
Ann Surg Oncol 2015;22:772-779. 
PUBMED | CROSSREF

	 5.	 Fujita J, Takahashi M, Urushihara T, Tanabe K, Kodera Y, Yumiba T, et al. Assessment of postoperative 
quality of life following pylorus-preserving gastrectomy and Billroth-I distal gastrectomy in gastric 
cancer patients: results of the nationwide postgastrectomy syndrome assessment study. Gastric Cancer 
2016;19:302-311. 
PUBMED | CROSSREF

	 6.	 Xiao XM, Gaol C, Yin W, Yu WH, Qi F, Liu T. Pylorus-preserving versus distal subtotal gastrectomy for 
surgical treatment of early gastric cancer: a meta-analysis. Hepatogastroenterology 2014;61:870-879.
PUBMED

	 7.	 Jiang X, Hiki N, Nunobe S, Fukunaga T, Kumagai K, Nohara K, et al. Long-term outcome and survival 
with laparoscopy-assisted pylorus-preserving gastrectomy for early gastric cancer. Surg Endosc 
2011;25:1182-1186. 
PUBMED | CROSSREF

	 8.	 Suh YS, Han DS, Kong SH, Kwon S, Shin CI, Kim WH, et al. Laparoscopy-assisted pylorus-preserving 
gastrectomy is better than laparoscopy-assisted distal gastrectomy for middle-third early gastric cancer. 
Ann Surg 2014;259:485-493. 
PUBMED | CROSSREF

	 9.	 Haruta S, Shinohara H, Ueno M, Udagawa H, Sakai Y, Uyama I. Anatomical considerations of the 
infrapyloric artery and its associated lymph nodes during laparoscopic gastric cancer surgery. Gastric 
Cancer 2015;18:876-880. 
PUBMED | CROSSREF

	10.	 Yoshida M, Kubota K, Kuroda J, Ohta K, Nakamura T, Saito J, et al. Indocyanine green injection for 
detecting sentinel nodes using color fluorescence camera in the laparoscopy-assisted gastrectomy. J 
Gastroenterol Hepatol 2012;27 Suppl 3:29-33. 
PUBMED | CROSSREF

	11.	 Fujita T, Seshimo A, Kameoka S. Detection of sentinel nodes in gastric cancer by indocyanine green 
fluorescence imaging. Hepatogastroenterology 2012;59:2213-2216.
PUBMED

	12.	 Tajima Y, Yamazaki K, Masuda Y, Kato M, Yasuda D, Aoki T, et al. Sentinel node mapping guided by 
indocyanine green fluorescence imaging in gastric cancer. Ann Surg 2009;249:58-62. 
PUBMED | CROSSREF

	13.	 Rino Y, Yukawa N, Sato T, Yamamoto N, Tamagawa H, Hasegawa S, et al. Visualization of blood supply 
route to the reconstructed stomach by indocyanine green fluorescence imaging during esophagectomy. 
BMC Med Imaging 2014;14:18. 
PUBMED | CROSSREF

	14.	 Murawa D, Hünerbein M, Spychała A, Nowaczyk P, Połom K, Murawa P. Indocyanine green angiography 
for evaluation of gastric conduit perfusion during esophagectomy--first experience. Acta Chir Belg 
2012;112:275-280.
PUBMED

	15.	 Arichi N, Mitsui Y, Ogawa K, Nagami T, Nakamura S, Hiraoka T, et al. Intraoperative fluorescence vascular 
imaging using indocyanine green for assessment of transplanted kidney perfusion. Transplant Proc 
2014;46:342-345. 
PUBMED | CROSSREF

	16.	 World Health Organization Western Pacific Region; International Association for the Study of Obesity; 
International Obesity Task Force. The Asia-Pacific Perspective: Redefining Obesity and Its Treatment. 
Sydney: Health Communications Australia Pty Limited, 2000.

	17.	 Kim YM, Baek SE, Lim JS, Hyung WJ. Clinical application of image-enhanced minimally invasive robotic 
surgery for gastric cancer: a prospective observational study. J Gastrointest Surg 2013;17:304-312. 
PUBMED | CROSSREF

	18.	 Herrera-Almario G, Patane M, Sarkaria I, Strong VE. Initial report of near-infrared fluorescence imaging 
as an intraoperative adjunct for lymph node harvesting during robot-assisted laparoscopic gastrectomy. J 
Surg Oncol 2016;113:768-770. 
PUBMED | CROSSREF

152https://jgc-online.org https://doi.org/10.5230/jgc.2017.17.e17

Vessel Navigation Using ICG Fluorescence

http://www.ncbi.nlm.nih.gov/pubmed/27094837
http://www.ncbi.nlm.nih.gov/pubmed/25212836
https://doi.org/10.1245/s10434-014-4078-7
http://www.ncbi.nlm.nih.gov/pubmed/25637175
https://doi.org/10.1007/s10120-015-0460-9
http://www.ncbi.nlm.nih.gov/pubmed/26176089
http://www.ncbi.nlm.nih.gov/pubmed/20844895
https://doi.org/10.1007/s00464-010-1336-z
http://www.ncbi.nlm.nih.gov/pubmed/23652333
https://doi.org/10.1097/SLA.0b013e318294d142
http://www.ncbi.nlm.nih.gov/pubmed/25228163
https://doi.org/10.1007/s10120-014-0424-5
http://www.ncbi.nlm.nih.gov/pubmed/22486868
https://doi.org/10.1111/j.1440-1746.2012.07067.x
http://www.ncbi.nlm.nih.gov/pubmed/22389299
http://www.ncbi.nlm.nih.gov/pubmed/19106676
https://doi.org/10.1097/SLA.0b013e3181927267
http://www.ncbi.nlm.nih.gov/pubmed/24885891
https://doi.org/10.1186/1471-2342-14-18
http://www.ncbi.nlm.nih.gov/pubmed/23008991
http://www.ncbi.nlm.nih.gov/pubmed/24655959
https://doi.org/10.1016/j.transproceed.2013.11.129
http://www.ncbi.nlm.nih.gov/pubmed/23207683
https://doi.org/10.1007/s11605-012-2094-0
http://www.ncbi.nlm.nih.gov/pubmed/27021142
https://doi.org/10.1002/jso.24226
http://jgc-online.org


	19.	 Miyashiro I, Kishi K, Yano M, Tanaka K, Motoori M, Ohue M, et al. Laparoscopic detection of sentinel node 
in gastric cancer surgery by indocyanine green fluorescence imaging. Surg Endosc 2011;25:1672-1676. 
PUBMED | CROSSREF

	20.	 Kim MC, Choi HJ, Jung GJ, Kim HH. Techniques and complications of laparoscopy-assisted distal 
gastrectomy (LADG) for gastric cancer. Eur J Surg Oncol 2007;33:700-705. 
PUBMED | CROSSREF

	21.	 Kim S, Lim YT, Soltesz EG, De Grand AM, Lee J, Nakayama A, et al. Near-infrared fluorescent type II 
quantum dots for sentinel lymph node mapping. Nat Biotechnol 2004;22:93-97. 
PUBMED | CROSSREF

	22.	 Homma S, Fukunaga T, Kagaya A. Influence of adipose tissue thickness on near infrared spectroscopic 
signal in the measurement of human muscle. J Biomed Opt 1996;1:418-424. 
PUBMED | CROSSREF

	23.	 Feng W, Haishu D, Fenghua T, Jun Z, Qing X, Xianwu T. Influence of overlying tissue and probe geometry 
on the sensitivity of a near-infrared tissue oximeter. Physiol Meas 2001;22:201-208. 
PUBMED | CROSSREF

	24.	 Marshall MV, Rasmussen JC, Tan IC, Aldrich MB, Adams KE, Wang X, et al. Near-infrared fluorescence 
imaging in humans with indocyanine green: a review and update. Open Surg Oncol J 2010;2:12-25. 
PUBMED | CROSSREF

	25.	 Ishizawa T, Fukushima N, Shibahara J, Masuda K, Tamura S, Aoki T, et al. Real-time identification of liver 
cancers by using indocyanine green fluorescent imaging. Cancer 2009;115:2491-2504. 
PUBMED | CROSSREF

	26.	 Miyata A, Ishizawa T, Kamiya M, Shimizu A, Kaneko J, Ijichi H, et al. Photoacoustic tomography of 
human hepatic malignancies using intraoperative indocyanine green fluorescence imaging. PLoS One 
2014;9:e112667. 
PUBMED | CROSSREF

153https://jgc-online.org https://doi.org/10.5230/jgc.2017.17.e17

Vessel Navigation Using ICG Fluorescence

http://www.ncbi.nlm.nih.gov/pubmed/20976497
https://doi.org/10.1007/s00464-010-1405-3
http://www.ncbi.nlm.nih.gov/pubmed/17399938
https://doi.org/10.1016/j.ejso.2007.02.018
http://www.ncbi.nlm.nih.gov/pubmed/14661026
https://doi.org/10.1038/nbt920
http://www.ncbi.nlm.nih.gov/pubmed/23014785
https://doi.org/10.1117/12.252417
http://www.ncbi.nlm.nih.gov/pubmed/11236881
https://doi.org/10.1088/0967-3334/22/1/323
http://www.ncbi.nlm.nih.gov/pubmed/22924087
https://doi.org/10.2174/1876504101002020012
http://www.ncbi.nlm.nih.gov/pubmed/19326450
https://doi.org/10.1002/cncr.24291
http://www.ncbi.nlm.nih.gov/pubmed/25379674
https://doi.org/10.1371/journal.pone.0112667
http://jgc-online.org

	Real-time Vessel Navigation Using Indocyanine Green Fluorescence during Robotic or Laparoscopic Gastrectomy for Gastric Cancer
	INTRODUCTION
	MATERIALS AND METHODS
	Identification of vessel shapes using near-infrared fluorescence
	Statistical analysis

	RESULTS
	Appearances of IPAs visualized by ICG fluorescence
	Positive predictive value (PPV) of ICG fluorescence for IPA classification
	ICG fluorescence for identifying an accessory splenic artery

	DISCUSSION
	REFERENCES


