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Abstract
Background In the field of rectal cancer surgery, there remains ongoing debate on the merits of high ligation (HL) and low 
ligation (LL) of the inferior mesenteric artery (IMA) in terms of perfusion and anastomosis leakage. Recently, infrared 
fluorescence of indocyanine green (ICG) imaging has been used to evaluate perfusion status during colorectal surgery.
Objective The purpose of this study is to compare the changes in perfusion status between HL and LL through quantitative 
evaluation of ICG.
Methods Patients with rectosigmoid or rectal cancer were randomized into a high or LL group. ICG was injected before 
and after IMA ligation, and region of interest (ROI) values were measured by an image analysis program (HSL video©).
Results From February to July 2020, 22 patients were enrolled, and 11 patients were assigned to each group. Basic demo-
graphics were similar between the two groups, except for albumin level and cardiac ejection fraction. There were no signifi-
cant differences in F_max between the two groups, but T_max was significantly higher and Slope_max was significantly lower 
in the HL group than in the LL group. Anastomosis leakage was significantly associated with neoadjuvant chemoradiation 
and F_max.
Conclusion After IMA ligation, T_max increased and Slope_max decreased significantly in the HL group. However, the 
intensity of perfusion status (F_max) did not change according to the level of IMA ligation.

Keywords Colon cancer · Perfusion · Anastomosis leakage · Indocyanine green (ICG)

There is controversy over the appropriate level of ligation 
on the inferior mesenteric artery (IMA) in rectal cancer sur-
gery. From the oncological view, high ligation (HL) could 
remove lymph nodes (LN) around the IMA and is considered 
a more oncologically favorable surgery, but there have been 
very few studies that actually support favorable oncological 
outcomes with HL [1–4].

Aside from the oncological view, surgeons who prefer 
low ligation (LL) claim that HL could reduce perfusion at 
the distal colon and increase the risk of anastomosis leakage 

(AL) [2, 5, 6]. Although several studies reported no asso-
ciation between HL and anastomosis leakage, the risk of 
anastomosis leakage depending on the ligation level of IMA 
remains controversial [1, 3, 4, 6].

AL is one of the worst complications after colorectal 
cancer surgery. AL causes high morbidity and mortality 
after surgery and increases the duration of hospital stay and 
medical cost [7]. Several studies have reported that checking 
colonic perfusion status using fluorescent angiography with 
indocyanine green (ICG) could lower AL [8–11]. Recently, 
several studies performed a quantitative analysis of ICG 
fluorescent imaging and reported its association with the 
risk of anastomosis leakage [12, 13]. However, no study has 
evaluated perfusion status for HL and LL using quantitative 
analysis of ICG. In the present study, the authors compare 
the colonic perfusion status between the HL and LL groups 
by quantitative analysis of the near infrared (NIR)-ICG fluo-
rescence perfusion test.
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Materials and method

Patients and data collection

Patients who underwent surgery for rectosigmoid or 
rectal cancer from February to July 2020 at Seoul St. 
Mary’s Hospital, College of Medicine, The Catholic 
University of Korea, were enrolled in this study. Patients 
with metastasis, local excision, abdominoperineal opera-
tion, Hartmann’s operation, or intersphincteric resection 
were excluded. The patients were randomized into two 
groups, HL and LL, using a web random number gen-
erator. The patients’ demographics, clinical characteris-
tics, and hemodynamic data were collected. This study 
(XC19MEDT0088K) was approved by the Institutional 
Review Board of the Ethics Committee of the College of 
Medicine, The Catholic University of Korea. All patient 
records were anonymized and de-identified prior to 
analysis.

Surgical technique

High ligation (HL)

The aorto-mesenteric window was opened wide, and the 
inferior mesenteric vessels were exposed. After peeling 
to the point where the origin of the IMA was visible, the 
ligation was performed at about 1 cm from the root, while 
the left colic artery and the inferior mesenteric vein were 
ligated near the lower border of the pancreas (Fig. 1_A).

Low ligation (LL)

The aorto-mesenteric window was opened wide, and the 
inferior mesenteric vessels were exposed. Apical lymph 
node dissection was performed around the IMA origin, and 
the left colic artery was identified and preserved, while the 
superior rectal artery was ligated (Fig. 1_B).

Perfusion test protocol using indocyanine green

During the surgery, ICG angiography was performed three 
times with a fluorescence imaging system in the laparoscopic 
surgery (Viscera 4 K UHD system, Olympus®, Japan) and 
the robotic surgery (da Vinci Xi, Intuitive®, USA). ICG (1 
vial, 25 mg, Dongindang®, Indocyanine Green Injection, 
Korea) was diluted in 10 ml of distilled normal saline, and 
7.5 mg of ICG was injected into the peripheral blood vessels 
followed by 20 cc normal saline pushing at each injection. 
The first ICG dose (7.5 mg) was injected just after the crea-
tion of a pneumoperitoneum to check the baseline perfusion 
status of the colon and small bowel. After the ICG injection, 
a fluorescent image was taken. The camera was fixed for 
2 min until the perfused ICG disappeared. Blood pressure 
and pulse rate were checked at the time of ICG injection. 
After checking baseline perfusion status, surgery was per-
formed, followed by IMA ligation (low or high), mesocolon 
dissection, and rectal resection. After rectal resection, the 
surgeon placed the distal part of the resected rectum and the 
small bowel close to each other (Figs. 1 and 2), and the sec-
ond ICG (7.5 mg) was then injected. The ICG image of both 
the colon and small bowel was taken with similar fashion. 
Then, the specimen was extracted and resected after check-
ing perfusion status by ICG again (the third ICG injection, 

Fig. 1  Drawing of the surgical 
procedure of inferior mesenteric 
artery (IMA) ligation and perfu-
sion check of the proximal end 
of the colon compared to the 
small bowel using indocyanine 
green (ICG). A High ligation, 
ligation of the inferior mesen-
teric artery at its origin with 
left colic artery ligation; B Low 
ligation, ligation of the superior 
rectal artery just distal to the 
left colic artery; ★, Region of 
interest (ROI) for quantitative 
analysis of colon and small 
bowel perfusion
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Fig. 2  Difference in perfusion time and intensity between the small 
bowel and proximal limb of the colon by quantitative analysis using 
ICG, after ligation of the IMA and transection of the distal rectum. 
A–D Fluorescent intestinal perfusion images taken in chronological 

order. E Quantitative fluorescent analysis. The purple and green lines 
are the fluorescent perfusion graphs of the colon and small bowel in 
the above fluorescent image
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7.5 mg). All surgical procedures were recorded for quantita-
tive video analysis. 

Quantitative analysis of colonic perfusion

Recorded colonic fluorescence videos were changed into 
fluorescence intensity and measured sequentially to produce 
colonic perfusion graphs using a video analysis and mod-
eling tool (HSL Video Analyzer®, Dr. Park’s software lab, 
Korea). To assess the colonic perfusion quantitatively, fluo-
rescence intensity factors and perfusion time factors were 
calculated from each ICG fluorescence graph (Fig. 3). The 
fluorescence intensity factors related to arterial perfusion 
were fluorescence intensity at baseline (F_min), fluores-
cence difference between maximum and baseline intensity 
(F_max), and the maximal fluorescence slope (Slope_
max = F_max/T_max). The fluorescence intensity factors 
related to venous perfusion were fluorescence difference 
between maximum and intensity at a sharp drop and then a 
gentle decrease (F_plateau) and the decreased fluorescence 
slope (Slope_plateau = F_plateau/T_plateau). The perfusion 
time factors were the time from first fluorescence increase 
to maximum (T_max = ΔT), time from first fluorescence 
increase to half of maximum (T_1/2max), and the time 
ratio (TR = T_1/2max/T_max). The ratio of the slope at the 
start of perfusion and the slope until reaching the maximum 
state was defined as the slope ratio (SR = Slope_1/2max / 
Slope_max).

Statistical analysis

The categorical variables of the groups were compared 
using the chi-square or Fisher’s exact test. Chi-square and 
Pearson correlation tests were used to evaluate the cor-
relation between clinical factors and anastomotic com-
plications. We used the two-sided independent samples 
Mann–Whitney test or T test for continuous variables of 
perfusion factors to identify risk factors of anastomotic 
complications. Wilcoxon’s signed rank test was used 
to compare between the baseline and the after-ligation 
imaging analysis. All statistical analyses were performed 
using SPSS for Windows software (ver. 24.0; IBM Corp., 
Armonk, NY, USA). P values < 0.05 were considered 
significant.

Results

Baseline characteristics between high or low 
ligation

A total of 22 patients were enrolled in this pilot study, 
11 each in the HL and LL groups. The average patient 
age was 69.7 years old, and there were 15 males (68.2%). 
There were 9 cases (40.9%) of rectal cancer and 13 cases 
(59.1%) of recto-sigmoid (RS) colon cancer. Table 1 shows 
the clinical characteristics and hemodynamic parameters 
of the two groups. There were no significant differences 
in clinical features between the two groups except for 

Fig. 3  Time–fluorescence 
intensity graph of ICG angiog-
raphy for quantitative perfusion 
analysis with diverse quantita-
tive parameters
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albumin and cardiac ejection fraction (EF). In each group, 
1 case of anastomosis leakage occurred within 30 days.

Quantitative analysis of ICG perfusion 
before and after IMA ligation

Table 2 shows changes in the ICG perfusion intensity of 
the colon and small bowel after IMA ligation through 
quantitative analysis. Latency in the colon was increased 
after ligation but not significantly different (13.8 ± 11.2 s 
vs. 15.7 ± 8.2 s, P = 0.122). The F_max, F_plateau, and 

ratio of time (TR) of the small bowel showed significant 
differences at baseline and after IMA ligation, but this 
finding demonstrated the possibility of biases such as 
distance between target and camera during the measure-
ment of ICG perfusion at baseline and after IMA liga-
tion. Therefore, when comparing the ratio of colon to 
small bowel, significant increase of T_max (1.15 vs. 2.34, 
P = 0.002) and decrease of Slope_max (0.77 vs. 0.49, 
P = 0.002) showed after IMA ligation, but F_plateau 
showed no significant difference. 

Table 1  Baseline characteristics 
of patients depending on the 
level of ligation on IMA

HL high ligation; LL low ligation; LAR low anterior resection; CRT  chemoradiation therapy; ASA Ameri-
can society of anesthesiologist; EBL estimated blood loss; Hb hemoglobin; Hct hematocrit; BMI body mass 
index; HTN hypertension; DM diabetes mellitus; CVA cerebrovascular accident; CKD chronic kidney dis-
ease; EF ejection fraction; SBP systolic blood pressure; DBP diastolic blood pressure; MBP mean blood 
pressure
a Defined as time to take to extract the specimen for proximal colon transection
Bold means a statistically significance (P < 0.005)

Total (n = 22) HL (n = 11) LL (n = 11) P

Sex
 Male
 Female

15
7

6
5

9
2

0.170

Age 69.7 ± 2.1 70.4 ± 11.5 69.1 ± 8.3 0.769
Tumor location
 Rectosigmoid colon
 Rectum

13
9

6
5

7
4

0.567

Operation
 Anterior resection
 LAR w/o ileostomy

10
12

4
7 (2 robot)

6
5 (1 robot)

0.392

Neoadjuvant CRT 3 2 1 0.534
ASA
 1
 2
 3

3
16
3

1
9
1

2
7
2

0.632

Operation time (minutes)a 83.2 ± 5.5 78.5 ± 31.5 87.9 ± 18.5 0.406
EBL (cc) 110.9 ± 20.9 108.2 ± 115.6 113.6 ± 82.1 0.900
Smoking 6 3 3 1.000
Albumin (g/dl) 4.2 ± 0.1 4.3 ± 0.2 4.1 ± 0.3 0.038
Hb (g/dl) 12.6 ± 0.3 12.6 ± 1.4 12.6 ± 2.0 0.883
Hct (%) 38.4 ± 1.0 39.2 ± 3.4 37.6 ± 5.5 0.362
BMI 24.0 ± 0.7 23.5 ± 2.3 24.5 ± 3.9 0.384
HTN/DM/CVA/CKD 10/6/1/1 4/3/1/0 6/3/0/1 NS
EF (%) 63.4 ± 3.3 59.7 ± 5.2 0.029
Vital signs_baseline
 SBP (mmHg)
 DBP (mmHg)
 MBP (mmHg)
 Heart rate

123.0 ± 5.6
77.8 ± 3.4
92.9 ± 3.9
66.9 ± 2.5

124.0 ± 25.3
78.5 ± 17.4
93.7 ± 18.2
69.7 ± 10.9

121.9 ± 28.6
77.2 ± 15.4
92.1 ± 18.8
64.1 ± 11.9

0.852
0.857
0.844
0.260

Vital signs_after ligation
 SBP (mmHg)
 DBP (mmHg)
 MBP (mmHg)
 Heart rate

97.6 ± 2.5
64.7 ± 2.1
75.7 ± 2.1
66.9 ± 2.1

101.3 ± 15.5
65.5 ± 11.0
77.4 ± 11.9
64.9 ± 9.7

93.8 ± 7.6
64.0 ± 8.7
73.9 ± 7.3
68.8 ± 8.7

0.166
0.735
0.423
0.360

Anastomosis leakage 2 1 1 1.000
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Table 3 shows the changes in ratio of colon to small 
bowel perfusion depending on the level of IMA ligation. 
F_max of the ratio of colon to small bowel also decreased 
after IMA ligation in both groups, but neither decrease 
was significantly different (HL: 0.81 vs. 0.76, P = 0.859; 
LL: 0.85 vs. 0.80, P = 0.722). The ratio of colon perfusion 
after ligation showed significant differences in T_max 
and Slope_max in the HL group but no significant differ-
ences in the LL group.

Table 4 shows a comparison of the perfusion ratio 
of colon to small bowel after IMA ligation between HL 
and LL. After LL, Slope_max was faster and T_max was 
shorter compared to the HL group but showed no sig-
nificant differences. The trend for F_max was similar 
(0.76 ± 0.27 vs. 0.80 ± 0.26, P = 0.768).

Table 2  Changes of perfusion values of intestines between baseline and after ligation of IMA

Statistical verification was performed with Wilcoxon’s signed rank test

Colon Small bowel (SB) Ratio of colon to SB

Baseline 
(n = 22)

After ligation 
(n = 22)

P Baseline 
(n = 22)

After ligation 
(n = 22)

P Baseline 
(n = 22)

After ligation 
(n = 22)

P

Latency 13.8 ± 11.2 15.7 ± 8.2 0.122 11.4 ± 9.7 10.8 ± 7.1 0.922 5.52 ± 13.00 2.40 ± 3.34 0.592
F_max 47.8 ± 18.1 38.6 ± 17.0 0.101 57.8 ± 18.0 51.5 ± 19.4 0.022 0.84 ± 0.17 0.78 ± 0.26 0.685
T_max 14.9 ± 5.3 30.2 ± 29.3 0.008 13.6 ± 5.5 12.8 ± 4.7 0.733 1.15 ± 0.30 2.34 ± 2.17 0.002
F_plateau − 24.6 ± 16.2 − 16.5 ± 8.5 0.025 − 26.5 ± 13.3 − 24.2 ± 14.9 0.036 1.19 ± 1.42 0.81 ± 0.45 0.575
Slope_max 3.7 ± 1.9 2.6 ± 2.7 0.050 4.9 ± 2.3 4.7 ± 3.0 0.858 0.77 ± 0.25 0.49 ± 0.27 0.002
Slope_plataeu −  1.3 ± 0.9 − 1.0 ± 0.9 0.145 − 1.3 ± 0.9 − `1.7 ± 1.8 0.858 1.11 ± 1.36 0.70 ± 0.58 0.351
Ratio of time
(TR)

0.36 ± 0.07 0.40 ± 0.14 0.338 0.32 ± 0.12 0.40 ± 0.11 0.020 1.50 ± 1.61 1.04 ± 0.35 0.211

Table 3  Comparison of ratio of 
colon to small bowel perfusion 
after IMA ligation according to 
the type of ligation

Statistical verification was performed with Wilcoxon’s signed rank test

High Ligation (n = 11) Low Ligation (n = 11)

Baseline After ligation P Baseline After ligation P

Latency (sec) 6.82 ± 17.67 2.65 ± 4.43 0.477 4.23 ± 0.25 2.15 ± 6.86 0.929
F_max 0.81 ± 0.16 0.76 ± 0.27 0.859 0.85 ± 0.13 0.80 ± 0.24 0.722
T_max 1.14 ± 0.25 3.06 ± 2.91 0.006 1.16 ± 0.28 1.61 ± 0.53 0.110
F_plateau 1.04 ± 0.52 0.84 ± 0.49 0.859 1.32 ± 1.82 0.78 ± 0.28 0.325
Slope_max 0.76 ± 0.29 0.42 ± 0.31 0.026 0.77 ± 0.17 0.54 ± 0.21 0.062
Slope_plataeu 0.84 ± 0.17 0.80 ± 0.76 0.859 1.31 ± 1.77 0.60 ± 0.31 0.328
Ratio of time (TR) 1.85 ± 2.26 1.09 ± 0.43 0.534 1.14 ± 0.40 0.99 ± 0.42 0.182

Table 4  Comparison of 
standardized colon perfusion 
after IMA ligation between HL 
and LL

Mann–Whitney test HL High ligation; LL Low ligation, SD standard deviation

HL (n = 11) LL (n = 11) P

Mean SD Median Mean SD Median

Latency (sec) 2.65 ± 4.43 1.37 2.15 ± 1.91 1.35 0.490
F_max 0.76 ± 0.27 0.80 0.80 ± 0.26 0.80 0.768
T_max 3.06 ± 2.91 1.49 1.61 ± 0.53 1.63 0.279
F_plateau 0.83 ± 0.49 0.75 0.78 ± 0.44 0.70 0.909
Slope_max 0.42 ± 0.31 0.46 0.54 ± 0.21 0.61 0.200
Slope_plataeu 0.80 ± 0.75 0.62 0.61 ± 0.39 0.39 0.732
Ratio of TIME (TR) 1.09 ± 0.43 1.11 0.99 ± 0.24 0.92 0.123
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Quantitative analysis of ICG perfusion depending 
on the presence of anastomosis leakage

Table 5 shows the relationship between anastomosis leakage 
and quantitative parameters. Two patients had anastomosis 
leakage (AL), while 20 patients had no event on anasto-
mosis. Statistical difference was only shown in neoadju-
vant chemoradiotherapy in terms of anastomosis leakage 
(P = 0.013). There was no association between level of liga-
tion and anastomosis leakage. Among the quantitative ICG 
perfusion parameters, F_max had the only significant associ-
ation with anastomosis leakage (0.82 ± 0.23 vs. 0.36 ± 0.22, 
P = 0.012). 

Discussion

There have been over one hundred years of controversy 
regarding the appropriate level of ligation of the IMA since 
reports from Miles and Moynihan in 1908 [14]. Practically, 

there are three debating points in terms of the level of IMA 
ligation. The first point is an oncological issue. There were 
no differences in long-term oncological outcomes [1–4, 6]. 
The second point is functional outcome. Mary GM et al. 
reported that 103 patients with LL had fewer symptoms of 
urinary and sexual dysfunction than 111 patients with HL 
[15]. The last issue, AL, remains debated. There have been 
several reports of lower rate of anastomosis leakage in LL 
due to preservation of the left colic artery [2, 3, 6]. On the 
other hand, several recent studies reported that there was no 
statistically significant difference in AL rates between the 
LL and HL groups [1, 4, 15].

Since the 2000s, several studies have reported that the 
evaluation of intestinal perfusion using ICG could reduce the 
rate of anastomosis leakage in colon surgery [8]. Recently, 
quantitative analysis methods objectify fluorescent images 
analyzing several parameters such as F_max, T_max, and 
Slope_max [12, 13, 16]. The interpretation of various 
parameters can be broadly divided into two categories. It 
can be largely divided into inflow parameter and intensity 

Table 5  Comparison of colon perfusion whether anastomosis intact or not

LAR low anterior resection; CRT  chemoradiation therapy; ASA American society of anesthesiologist; EBL estimated blood loss; HL High liga-
tion; LL low ligation, SB small bowel
Bold means a statistically significance (P < 0.005)

Clinical/perfusion parameters Non-anastomosis leakage (n = 20) Anastomosis leakage (n = 2) P

Sex
 Male
 Female

13 (65)
7 (35)

2 (100)
0

1.000

Age 70.4 ± 11.5 69.1 ± 8.3 0.769
ASA (≥ 2)
BMI

17 (85)
24.3 ± 3.1

2 (100)
21.0 ± 0.4

0.662
0.163

Operation
 Anterior resection
 LAR w/o ileostomy

10 (50)
10 (50)

0
2 (100)

0.481

Neoadjuvant CRT 1 (5) 2 (100) 0.013
Operation time (minutes) 80.3 ± 24.5 112.5 ± 19.1 0.091
EBL (cc) 116.0 ± 100.6 60.6 ± 56.6 0.454
Smoking 5 (20) 1 (50) 0.481
Level of ligation of IMA
 HL
 LL

10 (50)
10 (50)

1 (50)
1 (50)

1.000

Quantitative parameters
 (ratio of colon to SB)

Latency 2.50 ± 3.50 1.39 ± 0.08 0.665
F_max 0.82 ± 0.23 0.36 ± 0.22 0.012
T_max 2.46 ± 2.24 1.08 ± 0.58 0.404
T_1/2max 2.15 ± 1.59 1.26 ± 1.04 0.452
F_plateau 0.84 ± 0.46 0.46 ± 0.08 0.267
Slope_max 0.49 ± 0.26 0.45 ± 0.44 0.853
Slope_plataeu 0.74 ± 0.60 0.33 ± 0.08 0.360
Ratio of Time (TR) 1.04 ± 0.35 1.05 ± 0.39 0.948
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parameter [17]. The inflow parameter has factors that indi-
cate how well and how quickly it arrives in the colon. For 
example, there are factors such as T_max, T_1/2max, Slope_
max, and TR. And the representative of the intensity param-
eter is F_max, which is a factor that intuitively measures 
how much colonic perfusion is. Wada et al. [13] reported 
that both F_max and Slope_max were significantly lower 
in the anastomosis leakage group. In the analysis by Son 
et al., an additional time ratio (TR) was defined and used 
for analysis.12 In Son’s study, a slow TR of 0.6 or more was 
reported as a significant anastomosis leakage factor. How-
ever, in this study, lower F_max and CRT were observed as 
significant AL factors. There are not many studies that have 
performed quantitative analysis yet, and existing studies are 
also heterogenous, so it is difficult to find a consensus on 
which parameter can be used as a representative perfusion 
factor. A randomized trial is required to raise the level of 
evidence and achieve consensus.

In our study, we introduced several unique parameters 
compared to previous studies. First, we introduced the 
Slope_plateau, which was related to venous return of the 
colon. Second, we introduced the ratio of colon to small 
bowel as a standardization. When measuring ICG, there will 
always be bias caused by the environment at the time of 
measurement. For example, there will be a difference in the 
brightness of the ICG depending on the distance between the 
specimen and the camera, the type of camera, and the type 
of light emission. This kind of bias has been pointed out as 
a limitation of ICG perfusion measurement so far. However, 
by checking the ICG of the colon together with the adjacent 
small bowel, we could account for this bias. Furthermore, 
since the maximal perfusion of each patient is different, the 
perfusion of the small bowel can be considered as a control 
perfusion status for the patient, and the ratio of colon to 
small bowel could get rid of such bias and could compare the 
standardized colon perfusion values of each patient because 
small bowel perfusion is not affected by IMA ligation.

In the present study, after IMA ligation, T_max and 
Slope_max showed significant differences in the HL group 
but not in the LL group, while F_max showed no difference 
between pre- and post-IMA ligation in either group. After 
HL, the time for perfusion could be delayed because blood 
was supplied from the right side, but the total intensity and 
amount of perfusion were not different depending on the 
level of IMA ligation.

Many factors have been reported to be associated with 
AL [18]. In the present study, 2 cases of anastomosis leak-
age occurred, and preoperative radiation and F_max were 
observed to be significant factors associated with AL. Other 
ICG quantitative parameters including latency, T-max, 
Slope_max, and TR, which were reported to be risk factors 
of AL by previous studies, were not associated with AL in 
this study.

Several meta-analyses using recent randomized control 
trials reported that there was no difference in the rate of 
anastomosis leakage between the HL and LL groups [1], 
but there had been no clear explanations to support those 
results. This study evaluated the perfusion status between 
the HL and LL groups using quantitative ICG analysis and 
proved that perfusion intensity (F_max) between HL and LL 
was not different. As far as we know, this is the first study 
to evaluate quantitative ICG between HL and LL in rectal 
cancer. In addition, we introduced unique parameters that 
could overcome various biases pointed out as limitations 
of quantitative ICG analysis. The standardized parameter 
suggested in this study can be used as a new quantitative 
parameter that allows for more objective perfusion evalua-
tion and AL predicting models by removing the limitations 
of previous quantification studies, thereby enabling multi-
center studies and large-scale studies. Although this study 
had a very small sample size as a pilot study and did not 
suggest specific cut-off values that can predict anastomosis 
leakage, we think that results of this research will be able to 
suggest values that can predict AL and more object colonic 
perfusion results according to ligation by conducting addi-
tional multi-center studies on a large number of subjects.

Conclusion

T_max and Slope_max decreased after ligation of the IMA, 
especially in the HL group, but F_max, which indicates 
the intensity of perfusion, showed no significant difference 
between the HL and LL groups. Based on this study, the 
speed of blood perfusion could be more delayed after HL 
than LL, but the intensity of perfusion was similar between 
HL and LL.
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