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Abstract
Background Although indocyanine green (ICG) fluorescence imaging has been reported to be useful for assessing colorectal 
perfusion, unstable quantification remains an issue. We performed ICG fluorescence observation from the luminal side and 
examined the usefulness of the transanal approach.
Methods A total of 69 patients who underwent left-side colon surgery were enrolled in this cohort study. After the anasto-
mosis had been constructed, ICG 0.2 mg/kg was injected intravenously. The anastomotic site was then observed by a scope 
inserted transanally. The following items were examined in the areas of the anastomotic site with the highest- and lowest-
fluorescence intensity: maximum fluorescence (Fmax), time from ICG injection to Fmax (Tmax), time from start of dyeing 
to Fmax (ΔT), and the contrast pattern of the mucosa.
Results Anastomotic leakage (AL) occurred in nine cases. Tmax and ΔT values of the lowest-fluorescence area in the distal 
intestine showed significant differences in the cases with AL (P = 0.015 and P = 0.040, respectively). Regarding the contrast 
pattern of the mucosa of the lowest-fluorescence area in the proximal and distal intestine, the patients in whom the vessels 
were not depicted in the area had a significantly higher incidence of AL than those in whom vessels were depicted in the 
area (P = 0.031 and P = 0.030, respectively). Some of the areas in which vessels were not depicted by ICG fluorescence 
observation from the luminal side corresponded to the points of leakage. There were heterogeneous changes that might not 
be grasped by observation from the serosal side.
Conclusion Transanal ICG fluorescence imaging can evaluate perfusion over the entire circumference of the anastomosis in 
detail and aid in assessing the risk of AL. Therefore, the examination of the detailed low-perfusion area enables us to take 
measures for AL and to search for safer operative managements.
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Colorectal cancer is the second most common cause of can-
cer death in Japan and has been increasing in frequency in 
recent years [1]. Among colorectal cancer surgeries, rec-
tal cancer surgery is performed in more than 5600 patients 
each year in Japan [2]. Anastomotic leakage (AL) is a fatal 
complication of colorectal surgery that can lead to a delay 

in starting adjuvant chemotherapy, subsequently increasing 
the risk of recurrence after surgery [3–5].

Despite technological advancements in colorectal sur-
gery, AL still occurs in 3–19% of left-side colon and rectal 
surgery [5–9]. The causes of AL are diverse and include 
the state of perfusion, tension at the anastomotic site, and 
the anastomotic procedure [10]. The perfusion of colorec-
tal anastomosis can be assessed using near-infrared (NIR) 
fluorescence imaging with indocyanine green (ICG), and its 
efficacy in reducing AL has been reported [11–14]. Those 
reports focus on the perfusion of the proximal intestine, and 
ICG fluorescence observation is performed from the serosal 
side before anastomosis. However, such studies have the fol-
lowing disadvantages: observation from outside the lumen 
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cannot assess the whole circumference of the anastomotic 
site; observation before anastomosis cannot evaluate the 
change of perfusion due to anastomosis; and the distal side 
of the intestine is not evaluated.

We previously reported our observation of the whole 
circumference view and contrasted the vessels obtained by 
transanal ICG fluorescence observation from the luminal 
side [15]. We also confirmed reproducibly in a basic experi-
ment with swine that the angiogram became obfuscated by 
arteriovenous clamping but was clarified by declamping. 
Based on the findings of this basic experiment and focusing 
on the contrasted vessels and its background, we created 
the vessel staining pattern classification system (VSPCS) 
for anastomotic perfusion. In the VSPCS, each of the con-
trast modes were categorized into four patterns: Category-1 
(C-1), the whole region was black, the blood vessels could 
not be observed on the black background; Category-2 (C-2), 
thick white blood vessels could not be observed on the white 
background; Category-3 (C-3), thick white vessels could be 
observed on a white background; and Category-4 (C-4), 
white branches of the capillaries could be observed on a 
black background. Then, we divided these into the C-1,2 
group (vessels not depicted pattern) and the C-3,4 group 
(vessels depicted pattern) (Fig. 1). We examined seven 
cases of left-side colon or rectal surgery and reported that 
the C-1,2 group in the proximal intestine tended to have AL 
more frequently than the C-3,4 group.

The goal of this study was to verify the clinical utility of 
transanal ICG-NIR fluorescence imaging for evaluation of 
colorectal anastomotic perfusion, increasing the numbers of 
cases. Furthermore, we conducted a more detailed evalua-
tion, including the distal intestine, and examined the cause 
of AL in the individual cases.

Materials and methods

Study population

A total of 71 patients who underwent left-side colon or rec-
tal surgery with anastomosis at Chiba University Hospital 
between June 2015 and November 2018 were prospectively 
enrolled. The study exclusion criteria were allergic hyper-
sensitivity to ICG or iodine. Patients were eligible for enroll-
ment if they were over 20 years old and were scheduled to 
undergo colorectal surgery. The study protocol was approved 
by the Clinical Research Ethics Committees of Chiba Uni-
versity and was registered in the University Hospital Medi-
cal Information Network (Umin) Clinical Trials Registry as 
UMIN 000029555 (http://www.umin.ac.jp/ctr/index .htm). 
The study was conducted according to the Declaration of 
Helsinki. Written informed consent was obtained from all 
patients for the use of their clinical data.

Surgical procedure

All patients received standard bowel preparation and anti-
biotic prophylaxis the day before the operation. As antibi-
otic prophylaxis, kanamycin 2 g and metronidazole 1.5 g 
were administered. When their anastomosis was completed 
in the operation, the proximal colon 10 cm or more from 
the anastomotic site was clamped so as not to clamp the 
marginal vessels, and a bleeding check and leakage test 
of the anastomosis were conducted by endoscopy. Anas-
tomotic perfusion was then observed transanally using an 
NIR scope for laparoscopic use (Olympus Corporation, 
Tokyo, Japan). Observation was accomplished transanally 

Fig. 1  Vessel staining pattern 
classification system (VSPCS). 
C-1: There is no inflow of 
arterial blood, the area remains 
black. C-2: The whole area is 
white, and blood vessel shadows 
are unclear. The whole image 
has a cloudy appearance. C-3: 
The background of the whole 
image is white, which reflects 
mild venous stasis. C-4: The 
background of the image is 
black, and the white branches of 
the capillaries can be observed. 
The picture and definition of 
each category was reprinted 
courtesy of Dr. Muto (15)

http://www.umin.ac.jp/ctr/index.htm
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using a rectoscope-introducer (Karl Storz, Tuttlingen, Ger-
many) for protection of the rectum. To secure the field of 
view with an appropriate air supply, the rectoscope-intro-
ducer was connected to an endoscope using  ArgyleTM Uni-
versal Bubble Tubing (Covidien, Tokyo, Japan) (Fig. 2). 
We maintained the expansion of the anastomotic lumen 
using the air supply of the endoscope. The NIR scope was 
kept distant enough that the entire anastomotic part was in 
the field of view. In that state, ICG at 0.2 mg/kg and physi-
ological saline at 5 mL were injected intravenously. The 
operating light was turned off during observation.

Evaluation methods

All cases were recorded as movie files for the retrospective 
analysis. Regions of interest (ROI) were set at the follow-
ing four areas: proximal-high, the highest-fluorescence area 
in the proximal intestine; proximal-low, the lowest-fluores-
cence area in the proximal intestine; distal-high, the highest-
fluorescence area in the distal intestine; and distal-low, the 
lowest-fluorescence area in the distal intestine. Fluorescence 
was measured using the ImageJ software program (ver. 
1.39 s; National Institutes of Health, Maryland, USA, avail-
able at http://rsb.info.nih.gov/ij), and time intensity curve 
of fluorescence was created (Fig. 3). ImageJ is a software 
widely used for fluorescence measurement of ICG [16–19]. 
The maximum fluorescence value was defined as Fmax. 
Fmax was measured as a mean value in ROI to eliminate 
heterogeneity of the fluorescence in ROI. The time from 
the intravenous injection of ICG (from the flush by physi-
ological saline) to the maximum fluorescence was defined 
as Tmax, and the time from the start of dyeing to the maxi-
mum fluorescence was defined as ΔT. As a contrast pattern 
of mucosa by VSPCS, when each area reached Fmax, cases 
were classified into C-1, 2 (vessels not depicted pattern) and 
C-3, 4 (vessels depicted pattern). We analyzed the relation-
ship between the Fmax, Tmax, ΔT, VSPCS, and episodes 
of AL.

Postoperative data

When AL was suspected based on clinical findings such as 
fever and abdominal pain, AL was confirmed by the follow-
ing findings: abdominal drainage included fecal matter; com-
puted tomography showed abscess and gas around the anas-
tomotic site; and contrast enema showed communication 

Fig. 2  Transanal introducer. A rectoscope-introducer was connected 
to the endoscope to secure the field of view with an appropriate air 
supply

Fig. 3  Evaluation methods. 
The regions of interest were 
set at the highest- and lowest-
fluorescence areas in each of the 
proximal and distal intestines. 
At these four areas, Fmax, 
Tmax, and ΔT were measured 
and VSPCS was assessed at the 
time when the fluorescence of 
each area reached Fmax

http://rsb.info.nih.gov/ij
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between inside and outside the intestinal tract. Patients with 
AL underwent sigmoidoscopy to estimate the causes of 
AL, and the point of AL (dehiscence, fistula, or granula-
tion) was determined after the clinical course of the patient 
was stabilized.

Statistical analyses

Values are expressed as the mean ± standard deviation 
(SD). The Fisher’s exact test was used for the comparison 
and analysis of categorical variables. Continuous variables 
were analyzed using the Wilcoxon’s signed-rank sum test. 
P values of < 0.05 were considered statistically significant. 
Statistical analyses were conducted with the JMP Pro soft-
ware program, version 11.0.0 (SAS Institute Inc., Cary, NC, 
USA).

Results

Patient population

A total of 71 patients with left-side colon and who under-
went rectal surgery were enrolled in this study. Among 
these, we excluded two patients in whom the distal intestine 
was not stained at all (C-1) over 5 cm in this ICG study. 
These patients were excluded because they underwent re-
anastomosis during surgery. Therefore, 69 patients were 
ultimately analyzed in this study.

The patient, tumor, and surgery-related factors are pre-
sented in Table 1. Regarding the location of the lesion, those 
located at the rectum had more AL than those at the sigmoid 
colon. Regarding other factors, there was no significant dif-
ference between cases with AL and without AL. Regarding 
the anastomotic style, side-to-side anastomosis was per-
formed in 16 cases, side-to-end anastomosis in 40 cases, 
and end-to-end anastomosis in 13 cases. One case of side-to-
end anastomosis and three cases of end-to-end anastomosis 
were hand-sewn, respectively. Regarding the postoperative 
course, AL occurred in nine patients (13%), of whom two 
required reoperation. Patients who did not need reoperation 
were treated with antibiotics and drainage. Dehiscence parts 
had not closed for a year in two patients who did not need 
reoperation due to the existence of diverting ileostomy.

The relation between quantitative value 
and anastomotic leakage

Fmax had no significant correlation with AL for each of four 
areas: proximal-high, P = 0.344; proximal-low, P = 0.322; 
distal-high, P = 0.235; and distal-low, P = 0.380 (Fig. 4).

With respect to Tmax, there was no significant correlation 
between Tmax and AL in the proximal-high (P = 0.070), 

proximal-low (P = 0.475), and distal-high (P = 0.892). In 
contrast, there was a significant correlation between Tmax 
and AL in the distal-low (74.3 ± 42.3 s vs. 45.4 ± 21.4 s, 
P = 0.015) (Fig. 5).

With respect to ΔT, there was no significant correlation 
between ΔT and AL in the proximal-high (P = 0.723), prox-
imal-low (P = 0.420), and distal-high (P = 0.954). However, 
there was a significant correlation between ΔT and AL in 

Table 1  Patient, tumor, and surgery-related factors (n = 69)

AL- cases without anastomotic leakage
AL + cases with anastomotic leakage

Characteristics AL- (n = 60) AL + (n = 9) P value

Age, (years, median) 67.5 (44–85) 66 (55–77) -
Sex, n (%) 0.294
 Male 34 (56.7) 7 (77.8)
 Female 26 (43.4) 2 (22.2)

Location of the lesion n (%) 0.035*
 Sigmoid colon 37 (61.7) 2 (22.2)
 Rectum 23 (38.3) 7 (77.8)
  (Upper rectum) 10 3
  (Lower rectum) 13 4

Approach n (%) 1.000
 Open 29 (48.3) 4 (44.4)
 Laparoscopic 31 (51.7) 5 (55.6)

Ligation of IMA n (%) 0.254
 High 38 (63.3) 8 (88.9)
 Low 22 (36.7) 1 (11.1)

Diverting ileostomy n (%) 1.000
 Yes 15 (25.0) 2 (22.2)
 No 45 (75.0) 7 (77.8)

Lateral lymph node dissection 
n (%)

0.172

 Yes 4 (6.7) 2 (22.2)
 No 56 (93.3) 7 (77.8)

Splenic flexure mobilization 
n (%)

0.333

 Yes 7 (11.7) 2 (22.2)
 No 53 (88.3) 7 (77.8)

Transanal drainage tube n (%) 0.582
 Yes 5 (8.3) 1 (11.1)
 No 55 (91.7) 8 (88.9)

Preoperative therapy n (%) 0.582
 Yes 7 (11.7) 0 (0)
  (Chemotherapy) 4 (57.1) 0 (0)
  (Chemoradiotherapy) 3 (42.9) 0 (0)

 No 53 (88.3) 9 (100)
Anastomotic style n (%) -
 Side to side 14 (23.3) 2 (22.2)
 Side to end 35 (58.4) 5 (55.6)
 End to end 11 (18.3) 2 (22.2)
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the distal-low (52.8 ± 30.3 s vs. 30.0 ± 15.0 s, P = 0.040) 
(Fig. 6).

The relation between VSPCS and anastomotic 
leakage

In the proximal-high, there was no significant difference 
between C-1,2 and C-3,4 groups (P = 0.355) (Fig. 7). In the 
proximal-low, AL was observed in 5 of 18 cases of C-1,2 
(28%) and 4 of 51 cases of C-3,4 (8%). There was a signifi-
cant difference in AL between the C-1,2 and C-3,4 groups 
(P = 0.031).

In the distal-high, there was no significant difference 
between C-1,2 and C-3,4 groups (P = 1.000). In the distal-
low, AL was observed in 6 of 29 cases in C-1,2 (21%) and 3 
of 40 cases of C-3,4 (8%). There was a significant difference 
in AL between the C-1,2 and C-3,4 groups (P = 0.030).

Localization of hypoperfusion areas

Among the 18 cases of C-1,2 at the lowest-fluorescence area 
in the proximal intestine, 11 cases were judged to be C-1,2 
throughout the whole proximal intestinal tract, while 7 cases 
were C-1,2 at only a part of the tract (Fig. 8).

Among the 29 cases of C-1,2 at the lowest-fluorescence 
area in the distal intestine, 13 cases were judged to be C-1,2 
throughout the whole distal intestinal tract, while 16 cases 
were C-1,2 at only a part of the tract. AL occurred not only 
in cases with C-1,2 throughout the whole intestinal tract but 
also in cases with C-1,2 at only a part of the tract.

Cases of anastomotic leakage

Figure 9 shows the cases with AL. Case 1 was a patient who 
underwent low anterior resection with side-to-side anas-
tomosis. In this case, ICG fluorescence imaging showed a 

Fig. 4  Relation between Fmax 
and anastomotic leakage. Means 
bars. Wilcoxon’s signed-rank 
sum test. Fmax value of the 
highest- and the lowest-fluo-
rescence area were plotted, and 
the association with AL was 
analyzed in the proximal and 
distal intestine. AL anastomotic 
leakage
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partial decline of contrast near the anastomosis in the proxi-
mal intestine. Postoperative endoscopy revealed a scar at this 
point, and it seems that AL occurred at this point.

Case 2 was a patient who underwent low anterior resec-
tion with side-to-end anastomosis. In this case, a partial 
deficit of contrast was observed at the line of the linear sta-
pler on the rectal stump. Postoperative endoscopy revealed 
granulation at this point, and it seems that AL occurred at 
this point.

Case 3 was a patient who underwent sigmoid colon resec-
tion with side-to-end anastomosis. A partial decline of con-
trast was observed between the anastomotic orifice and the 

line of the linear stapler in the distal intestine. Postoperative 
endoscopy revealed a fistula at this point, and it seems that 
AL occurred at this point.

Discussion

We observed real perfusion after anastomosis in detail 
and examined the cause of AL. The risk factors for AL 
consist of preoperative, intraoperative, and postoperative 
factors. Preoperative factors include radiation, chemother-
apy, nutrition, and comorbid conditions, such as diabetes 

Fig. 5  Relation between Tmax 
and anastomotic leakage. Means 
bars. Wilcoxon’s signed-rank 
sum test. Tmax of the highest- 
and the lowest-fluorescence area 
were plotted, and the associa-
tion with AL was analyzed in 
the proximal and distal intes-
tine. AL anastomotic leakage
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mellitus. Associated intraoperative factors include anas-
tomotic perfusion and the surgical technique, blood loss, 
operation time, and anastomotic tension. Postoperative 
factors include the presence of diverting stoma, place-
ment of transanal drainage tube or abdominal drains, and 
changes of the intestinal microbes [10]. Among these risk 
factors, perfusion and the surgical technique are consid-
ered to play major roles in the development of AL [5, 
20–22].

One of the methods for assessing perfusion is NIR fluo-
rescence imaging with ICG and many reports have been pub-
lished regarding the usefulness of ICG fluorescence imaging 

for assessing perfusion, including multicenter phase II trials 
[13, 23].

One of the issues with assessing perfusion by ICG fluo-
rescence imaging is the difficulty of quantitative assessment 
and the lack of unified judgment criteria. At present, there 
are a few reports of the quantitative assessment of perfu-
sion in the colorectal anastomotic region. To our knowl-
edge, there are only two reports of such a quantitative 
assessment in colorectal surgery. In one report by Wada 
et al., they observed a correlation between the Fmax and 
AL [24]. The other is the report by Son et al., which found 
a correlation between time from first fluorescence increase 

Fig. 6  Relation between ΔT and 
anastomotic leakage. Means 
bars. Wilcoxon’s signed-rank 
sum test. ΔT of the highest- and 
the lowest-fluorescence area 
were plotted, and the associa-
tion with AL was analyzed in 
the proximal and distal intes-
tine. AL anastomotic leakage
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to half of maximum (T1/2MAX) and AL, and a correla-
tion between the time ratio (TR = T1/2MAX/ΔT) and AL 
[25]. In the field of esophagus, Kamiya et al. pointed out the 
relationship between the time to reach half of the maximum 

fluorescence and AL [26]. In the present study, we con-
ducted a quantitative assessment. In our study, Fmax, Tmax, 
and ΔT in the highest-fluorescence area of the anastomosis 
did not clearly correlate with AL, while Tmax and ΔT of the 

Fig. 7  Relation between VSPCS 
and anastomotic leakage. The 
contrast mode of the highest- 
and the lowest-fluorescence 
area was divided into the C-1,2 
group (vessels not depicted 
pattern) and the C-3,4 group 
(vessels depicted pattern). The 
relationship between VSPCS 
and AL was then analyzed in 
the proximal and distal intes-
tine. AL anastomotic leakage

Fig. 8  Localization of C-1,2 
(non-vessel) areas. Localization 
of the sites judged to be C-1,2 
(vessels non-depicted pattern) 
in the proximal and distal intes-
tine. Whole: the entire intestinal 
tract was uniformly distributed 
to the C-1,2 category, Partial: 
only a part of the intestinal tract 
was distributed to the C-1,2 
category
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lowest-fluorescence area of the distal intestine were associ-
ated with AL (Table 2).

However, these quantitative assessments are too compli-
cated to make quick decisions during the surgery. So, we 
also examined VSPCS by the visual contrast mode of the 
mucosa. In the present study, there was a significant differ-
ence between the C-1,2 (vessels not depicted pattern) and 
C-3,4 (vessels depicted pattern) among the AL cases. There 
were 36 cases with VSPCS 3-4 in both the proximal and 
distal sides, and it led to AL in only one case. This patient 
underwent mobilization of splenic flexure because of tension 
of anastomosis. Although the cause of AL was unclear, the 
patient recovered in only 3 weeks and abnormal findings 
were absent when he underwent sigmoidoscopy. We think 
the presence of the contrasted vessels can be judged simply 
and in real time during surgery, and VSPCS is a useful, as 
well as quantitative, assessment.

The localization of the low-perfusion areas in Fig. 8 
shows that in some cases, low perfusion occurred through-
out the whole intestinal tract, as was generally suspected, 
while in others, it only occurred in a part of the intestinal 
tract. In addition, AL can occur in these two patterns as 
well. Case 1 in Fig. 9 is an example of a case in which only 
part of the proximal intestinal tract showed low perfusion. It 
was not clear why a low-perfusion area was observed at this 

point, but AL occurred at this point. Thus, the observation 
of a more detailed site is required in assessing the perfusion. 
Observations from the serosal side, where the visual field 
is restricted, may be unable to obtain information on these 
partial low-perfusion areas.

Fig. 9  Anastomotic leakage cases. Case 1: ICG fluorescence imaging 
showed a partial decline of contrast near the anastomosis in the proxi-
mal intestine. Postoperative endoscopy revealed a scar at this point. 
Case 2: A partial deficit of contrast was observed at the line of the 

linear stapler on the rectal stump. A granulation was observed. Case 
3: The lines of the circular stapler and the linear stapler were very 
close to each other. A partial decline of contrast and a fistula were 
also observed at this point

Table 2  Statistical analysis

Tmax and ΔT of the lowest-fluorescence area in the distal intestine 
were significantly associated with AL
VSPCS of the lowest-fluorescence area in the proximal and the distal 
intestine were significantly associated with AL
N.S. non-specific

Proximal intestine Distal intestine

Highest-fluorescence area
 Fmax N.S. N.S.
 Tmax N.S. N.S.
 ΔT N.S. N.S.
 VSPCS N.S. N.S.

Lowest-fluorescence area
 Fmax N.S. N.S.
 Tmax N.S. p = 0.015*
 ΔT N.S. p = 0.040*
 VSPCS p = 0.031* p = 0.030*
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Furthermore, in cases of low anterior resection, it is 
very difficult to observe the distal intestine from outside 
of the intestinal lumen in a narrow pelvis. In Case 2, defi-
ciency of the contrast was seen along the staple line of the 
rectal stump, and fluorescence did not reach the cutting 
edge. The injury of the straight artery of the mesorectum 
is a possible reason. In this case, punching of the circular 
stapler deviated aside. If the circular stapler punched the 
center of the cutting edge, the low-perfusion area was min-
imized. There are few reports about perfusion of the distal 
intestine. However, perfusion at the rectal stump decreased 
due to intestinal dissection in 76.3% of patients as reported 
by Vignali et al. [20]. They showed, using laser-Doppler 
flowmetry, that the perfusion at the rectal stump decreased 
by an average of 6.2% in cases without AL, and by an aver-
age of 16% in cases with AL. In the present study, obser-
vation of the whole circumference of anastomosis in the 
proximal and distal intestines was possible in all 17 cases 
of lower rectal cancer in a deep pelvis by transanal ICG-
NIR imaging. There is only one report, other than ours, 
about ICG-NIR observation from the luminal side by the 
transanal approach [27], but we think it is a useful method 
to assess the perfusion, especially in the lower rectum.

Anastomotic procedures, as well as perfusion, are a 
cause of AL in left-sided colon cancer surgery. In Case 3 
in Fig. 9, the anastomotic orifice made by a circular stapler 
was shifted to the left, and the lines of the linear stapler 
and the circular stapler did not cross each other and were 
very close to each other. In this case, the angle formed 
by the anastomotic orifice and the stump was too acute to 
perfuse this area. Investigating the cause of AL by transa-
nal ICG fluorescence imaging is useful in exploring safer 
anastomotic procedures.

Observation by transanal ICG-NIR fluorescence imag-
ing evaluates not only simple perfusion of the proximal 
intestine before anastomosis but also the actual perfusion 
around the anastomosis influenced by factors, such as the 
anastomotic procedure, tension, and state of the distal 
intestine.

The limitation of this method is that it is difficult to re-
anastomose. We encountered two cases with sigmoid colon 
cancer which underwent re-anastomosis, but we think it is 
difficult in the cases with lower rectal cancer. In such a dif-
ficult case, construction of a diverting stoma or placement 
of a transanal drainage tube is considered.

Detailed observation by a transanal approach can con-
tribute to the investigation of how the surgical and patient 
factors (i.e., the site of vessel ligation, method of anasto-
mosis, age, and complications) influence the anastomotic 
perfusion. Although there is the limitation of re-anas-
tomosis, it seems to lead to the development of a safer 
surgical procedure to examine the actual perfusion of the 
anastomotic site.

Conclusion

ICG-NIR fluorescence observation by transanal approach 
can be an effective method to evaluate local perfusion over 
the entire circumference of anastomosis in detail and in 
real time. We believe this method is useful to search for 
safer operative management.
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