
Ⅰ．Introduction

 Anastomotic leakage is the most severe complication 
of intestinal surgery. The suture failure rate in rectal 
surgery is higher than that at other sites of the colon. In 

Japan, the rate is reported to range from 12.4 to 15.3% 
［1］. Anastomotic leakage may occur for a variety of 

reasons, including blood flow, tension and the surgical 
techniques that are applied. The most significant 
cause is blood flow of the anastomotic site. Recently, 
it has been reported that intraoperative near-infrared 
indocyanine green fluorescence angiography （NIR-
ICG AG） would be useful for evaluating the intestinal 
blood flow［2-4］. ICG is an infrared fluorescent dye that 
absorbs light between 790 and 805 nm and re-emits it 
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Abstract

Background/Aims: This study is to establish the method to assess anastomotic blood flow using 
NIR-ICG AG.

Methods: Sigmoid colectomy and anastomosis of a pig was performed, and the anastomotic 
staining pattern after clamp and declamp of superior rectal artery was visually classified into four 
categories of vessel staining pattern classification system （VSPCS）. Then, in 7 patients who underwent 
left colectomy, the anastomotic perfusion parameters including staining start time, peak staining value, 
time to peak staining, and staining value after 5 seconds were calculated using ImageJ software, and 
staining pattern was also classified by VSPCS. 

Results: According to the pig study, four classifications by vessel stain pattern. In human study, 
7 rectal cancer patients received transanal NIR-ICG AG. Anastomotic leakage was observed in two 
patients, whose anastomotic VSPCS was all categorized as C2, while the patients that were categorized 
as C3-4 didn’t show anastomotic leakage. However, no perfusion parameters quantified by image J 
were associated with anastomotic leakage. VSPCS significantly reflected the results of anastomotic 
leakage.

Conclusions: Our classification of anastomotic VSPCS for NIR-ICG AG allowed for the more 
accurate prediction of anastomotic leakage.
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with an excitation wavelength of 835 nm［5,11］. The 
half-life of ICG is 3-5 min, and it is eliminated by the 
liver in 15-20 min. The fluorescence emitted by ICG 
can be captured to a depth of 1-2 mm. Recently, several 
studies have presented a novel method involving intra-
operative ICG angiography and ＜5% iodide sodium 
for sensitively detecting the blood flow in the coronary 
arteries and bypass grafts during CABG.［6-11］; and 
therefore, it would be also useful to assess blood flow 
of the anastomotic site. However, the evaluation method 
for intestinal blood flow using NIR-ICG AG has not 
been established yet. It is still largely depending on the 
experience of the operator. Another problem of NIR-
ICG AG is the approach method to evaluate intestinal 
blood flow of the anastomotic site. It is often difficult 
to observe the entire circumference of the anastomotic 
site simultaneously from the extraluminal （abdominal） 
approach due to the limitation of observation area. We 
hypothesized that intraluminal （transanal） approach 
would be a better approach to observe the anastomotic 
perfusion, because this approach can allow for a 
simultaneous observation of the entire circumference of 
the anastomotic site and surrounding capillaries, which 
enables better observation of anastomotic perfusion 
using NIR-ICG AG. To date, there are no reports 
comparing the approaches for NIR-ICG AG to evaluate 
blood flow of the anastomotic site. Thus, the purpose of 
this study is to establish the evaluation method for the 
anastomotic blood flow, and to compare the intraluminal 
approach with the extraluminal approach using NIR-
ICG AG in colorectal surgery. 

Ⅱ．Materials and Methods

 This study was conducted in accordance with the 
ethical principles of the Declaration of Helsinki, and 
was approved by the institutional review board at Chiba 
University Hospital. For animal experiment, one male 
pig weighting 60 kg was studied. For human study, a 
total of 7 patients （48-77 years, 5 men and 2 women） 
who received curative surgery for their colorectal 
cancers in Chiba University Hospital from June 2015 to 
December 2015 were enrolled in this study. All patients 

were required to provide written informed consent 
before study participation. Patients were eligible for 
enrollment if they were over 18 years old and were 
scheduled for a left colectomy. 

The NIR fluorescence imaging system
 A prototype NIR laparoscopic system （Olympus, 
Tokyo, Japan）［7］was used in both the transanal and the 
abdominal approaches. The laparoscopic camera image 
can be switched from laparoscopic CI to NIR imaging 
using a lever. The excitation barrier filter only admits 
light with a wavelength of ＞800 nm. The NIR camera 
displays all fluorescent structures in green against a 
black （non-fluorescent） background. ICG has a peak 
emission of 830 nm when assessed with NIR light. ICG 
dye （0.2 mg/kg body weight per image sequence） was 
injected intravenously and flushed through with 10 ml 
of saline.  

Animal study
 Sigmoid colectomy of a pig was laparoscopically 
performed. The inferior mesenteric artery （IMA） 
and the superior rectal artery （SRA） were preserved, 
and approximately 10 cm of the marginal artery of 
the sigmoid colon was ligated using a sealing system. 
Thereafter resection was performed at the most anal 
side of the colon. Anastomosis was performed using the 
double stapling technique （DST）. First, we clamped 
the SRA, and ICG （4 mg/kg body weight per image 
sequence） was intravenously injected, and we observed 
staining of vessels from intraluminal （transanal） and 
extraluminal （abdominal） approaches （Fig. 1）. After 
declamp of SRA, we observed how staining pattern of 
anastomosis changed after reperfusion of SRA. When 
the SRA was clamped, the anastomotic wall appeared 
black. After declamp of SRA, vascular shadows was 
observed after approximately one minute （Fig. 2）. 
According to the change of the vessel staining pattern 
after reperfusion of SRA, we categorized the vessel 
staining pattern of anastomosis. Good blood flow is 
characterized by a black background and white blood 
vessels. If the blood flow is poor, the background 
becomes white. When it becomes even worse, the blood 
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vessel outlines became unclear. 

Human study
 We evaluated the blood flow of the site of anastomosis 
intraoperatively by ICG infrared fluorescence observation 
using the intraluminal approach （transanal route） in 
7 patients who underwent left colectomy. One patient 
received sigmoid resection, 4 high anterior resection, and 
2 low anterior resection.
 A normal endoscope was used to check the 
hemostasis of the anastomotic site and an air leak 
test was performed. A fluorescence camera was then 
inserted via the intraluminal （transanal） approach. ICG 
is injected after positioning the camera to capture the 
whole anastomotic site in a single field of view. We 

Fig. 1　 An NIR perfusion assessment in a Pig undergoing 
laparoscopic low anterior resection.

　We compared the two approaches simultaneously 
（the same time is shown in the red circle） in the pig 

experiments. The arrow indicates the same artery of the 
marginal colon. a/b: Laparoscopic view. c/d: Transanal 
view.
a.  The laparoscopic view under normal light. The SRA is 

taped. 
b.  The laparoscopic view under near-infrared fluorescence. 

Good blood flow of the marginal artery can be 
confirmed.

c.  The transanal view under white light.  
d.  The trans-anal view under near-infrared fluorescence. 

Good flow of the capillaries can be confirmed.
　b/d. It was compared to the same vessel with the arrow 
from both approaches using the Image J software program. 
The gray value of the transanal approach is 77 and 
abdominal approach is 45. 

Fig. 2　 Near-infrared fluorescence showed changes after 
the release the clamped SRA （transanal view）.

a.  The blood vessels under clamping SRA cannot be 
observed on a white background.

b.  At approximately 30 seconds after the release of the 
clamp, the vessels still cannot be detected.

c.  At approximately 60 seconds after the release of the 
clamp, a thick white blood vessel is observed on the 
white background.

d.  The blood vessels gradually became clearer and could 
be clearly observed at 90 seconds.
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Fig. 3　 The Image J software program was used to 
evaluate the 4 items in the black circle, which 
indicates an anastomotic site that was confirmed to 
have good blood flow.

①The staining start time was 22 seconds.
②  The peak staining value （100） was achieved at 34 

seconds 
③  The time from the start of staining to the peak of 

staining was 12 seconds
④  Staining value at 5 seconds after the start of the staining, 

the staining value was 60.
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observed and evaluated the capillaries on the mucosal 
surface around the anastomotic site. The region of 
interest was set on the vessels near the anastomosis. 
 On the other hand, the staining intensity have been 
quantified using the Image J software program （ver. 
1.39s; National Institutes of Health, available at http://
rsb.info.nih.gov/ij）. the Image J software was used to 
quantify the following 4 perfusion parameters: ① The 
time to visually confirm the start of dyeing after injected 
intravenously; ② the time from the start of staining to 
the peak; ③ the peak staining value; ④ the value that 
was reached in 5 seconds （Fig. 3）.

Ⅲ．Results

Animal study
 First, according to the SRA reperfusion experiment 
of the pig, the vessel staining pattern was categorized to 
four classifications as following: C1, the whole region 
is black （when SRA clamped）, the blood vessels cannot 
be observed on the black background; white branches of 
the capillaries can be observed on a black background; 
C2, thick white blood vessels cannot be observed on 
the white background; C3, thick white vessels can be 
observed on a white background; C4, white branches of 
the capillaries can be observed on a black background 

（Fig. 4）. In the comparison between the intraluminal 
（ transanal） and the extraluminal （abdominal） 

approaches, the view from the intraluminal approach 
was superior to from the extraluminal approach for 
evaluating the blood flow in the fine capillaries, because 
fine capillaries branches of submucosa in the intestine 
could be observed under the intraluminal approach. 
A same vessel was quantitatively evaluated from both 
approaches using the Image J software program. The 
gray value of the vessel from the intraluminal approach 
is 77 and that from the extraluminal approach is 45, 
and thus, the gray value of the same vessel from the 
intraluminal approach is higher than the extraluminal 
approach. Therefore, NIR-ICG AG with intraluminal 
approach allowed for the detailed observation of the 
anastomotic blood flow （Fig. 1）.

Human study
 Based on animal study, intraluminal （transanal） 
approach was applied to the human study. NIR-ICG 
AG was performed in 7 patients who underwent 
left colectomy due to colorectal cancers. Patient 
characteristics, the NIR-ICG AG evaluation result and 
postoperative course are given in Table 1 and predictive 
risk factors for suture failure are given in Table 2. 
This observation was performed after the completion 
of anastomosis during surgery. As Case 1 is shown in 
Figure 3, staining was observed from approximately 
22 seconds after the administration of ICG. C4 could 
be observed after approximately 38 seconds, which 
confirmed that good anastomotic blood flow had been 
achieved. As shown in Table 1, suture failure was 
detected in 2 cases, and these 2 cases were categorized 
as C2. Whereas, the patients that were categorized as 
C3-4 were discharged on schedule without anastomotic 
leakage. Thus, C2 indicated that anastomotic leakage had 
occurred. The hospitalization period of the two patients 
with suture failure was extended to approximately 
one month（Table 1）. Figure 3 is an example of 

Fig. 4　 The changes reflecting blood flow over time （Class 
1-4）.

a.  C1: There is no inflow of arterial blood, the area 
remains black.

b.  C2: The whole area is white, blood vessel shadows are 
unclear. The whole image has a cloudy appearance.

c.  C3: The background of the whole image is white, which 
reflects mild venous stasis.

d.  C4: The background of the image is black and the white 
branches of the capillaries can be observed.
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VSPCS showed a statistically significant difference to 
predict anastomotic leakage （0.0476; Table 2）.

Ⅳ．Discussion

 Anastomotic leakage is the most severe complication 

quantitative measure of four perfusion parameters using 
Image J software. The evaluation of the four perfusion 
parameters using the Image J software program could 
not predict the leakage. Our vessel staining pattern 
classification system （VSPCS） was compared with 
perfusion parameters measured by the Image J, and only 

Table 1　Patient characteristics, the NIR-ICG AG evaluation result and postoperative course 

Age
/

Sex 
Area OPE 

Medical 
history 

① 
/

② 
（S） 

③ 
/

④ 

VFC
oral

/
anal 

Leak
/

POD 
PHS 

1 65/M Ra HAR HD/ASO 22/109 3/76 C3/C4 No 14
2 53/M Rab LAR DM 28/127 11/31 C3/C4 No 9
3 48/F Ra LAR TC/UC 18/95 18/21 C3/C4 No 10
4 77/M Ra HAR DM 23/101 19/32 C3/C4 No 10
5 66/F S SR APAS 25/123 4/67 C4/C4 No 9
6 66/M Ra HAR non 15/103 10/22 C2/C2 +/5 26
7 70/M Ra HAR non 32/141 7/53 C2/C2 +/3 26

①　Staining start time. 
②　Peak staining value.
③　Time from start of staining to peak. 
④　Value reached in 5 seconds.

　Table1 summarizes the characteristics of the 7 patients. Postoperative anastomotic leakage occurred in two patients who had 
no relevant medical history. The other five patients all had relevant medical history, however, the anastomotic blood flow was 
good （C2 by transanal NIR-ICG AG）. The other side shows the details of the two patients with leakage without good blood 
flow （C3-4）.

HAR: High anterior resection
LAR: Low anterior resection
TC: Thyroid cancer
UC: Uterine cancer
APAS: Anti-phospholipid antibody syndrome
VFC: Vessel flow classification
PHS: Postoperative hospital stay

Table 2　Predictive risk factors for suture failure

No leakage Leakage
p-value 

（n＝5） （n＝2） 

Age 65（48-77） 71.5（66-70） 0.3336
Sex                         M : F 3 : 2 2 : 0 1

Lesion area            S-Ra : Rb  4 : 1 2 : 0 1
History of vascular lesions        + : －　 4 : 1 0 : 2 0.142
Operative procedure 　　　　Lap : Open 2 : 3 1 : 1 1
Postoperative enteritis        + : －　 2 : 3 2 : 0 0.428
①Staining start time    ＜30s : ≥30s 2 : 3 1 : 1 1
②Staining peak value ＜10s : ≥10s 2 : 3 2 : 0 1
④Value reached in five seconds
 ＜32 : ≥32 

2 : 3 1 : 1 1

③Time from start of staining to peak
 ＜107 : ≥107 

2 : 3 1 : 1 1

Vessel flow classification  C1-2 : C3-4 0 : 5 2 : 0 0.0476

A comparison of the results between the two groups stratified by the presence or absence of good anastomotic blood flow. The 
patient characteristics and evaluation methods are also shown. There were no significant differences in the sex, age or the Image 
J evaluation results. The FVC method showed significant differences in the patients with suture failure.
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Ⅴ．Conclusion

 We found a useful simple approach that allowed 
for the sensitive evaluation of fine vessel blood flow 
using NIR-ICG AG. Our new classification system 
for evaluation of anastomotic perfusion was useful 
for predicting anastomotic leakage compared to 
conventional methods. 
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