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Introduction

The development of laparoscopic surgery over 
the last 30 years has allowed for the widespread use 
of this technique in colorectal surgery [1, 2]. Lapa-
roscopic surgery of colorectal cancers allows one to 

reduce the risk of complications in the postoperative 
period and reduce the length of stay of patients while 
maintaining comparable long-term results [3–5].  
One of the most serious complications observed in 
the postoperative period is a  leak in the intestinal 
anastomosis. Anastomotic leakage (AL) after laparo-

Fluorescent ICG angiography in laparoscopic rectal resection –  
a randomized controlled trial. Preliminary report

Tomasz Gach1,2, Paweł Bogacki1,2, Zofia Orzeszko1, Beata Markowska1,2, Jan M. Krzak3, Maciej Szura2, Rafał Solecki1,2, 

Mirosław Szura1,2

1Department of General and Oncological Surgery, Hospital of Brothers Hospitallers of St. John of God, Krakow, Poland 
2Department of Surgery, Faculty of Health Sciences, Jagiellonian University Medical College, Krakow, Poland 
3Department of General Surgery, South Jutland Hospital, Aabenraa, Denmark

Videosurgery Miniinv 2023; 18 (3): 410–417 

DOI: https://doi.org/10.5114/wiitm.2023.129545

A b s t r a c t

Introduction: Anastomotic leakage is one of the most dangerous complications after rectal surgery. It can cause 
systemic complications, reduce the quality of life and worsen the results of oncological treatment. One of the causes 
of anastomotic leak is insufficient blood supply to the anastomosis. Intraoperative infrared angiography with indo-
cyanine green (ICG) is expected to improve the assessment of intestinal perfusion and thus prevent anastomotic 
leakage.
Aim: To present the results of the use of ICG intraoperative angiography during rectal surgery in the prevention of 
anastomotic leakage.
Material and methods: The study included 76 patients undergoing rectal cancer surgery. Patients were randomized 
to 2 groups: Group I – 41 patients with ICG intraoperative angiography; and Group II – 35 patients without ICG im-
aging. Anastomotic leak, length of hospitalization, and complication rate were compared.
Results: Group I patients received intravenous ICG before the anastomosis. Average time of intestinal wall contrast-
ing was 42 s (22–65 s). Average ICG procedure time was 4 min (3.2% of total time of surgery). Three (7.3%) patients 
after angiography revealed intestinal ischemia requiring widened resection. No anastomotic leak was found post-op-
eratively, and no side effects were observed after administration of ICG. In group II, 3 (8.6%) anastomotic leakages 
were diagnosed, 2 of which required reoperation.
Conclusions: Intraoperative angiography with ICG in near-infrared light is a safe and effective method of assessing 
intestinal perfusion. ICG angiography may change the surgical plan and reduce the risk of anastomotic leakage. It is 
necessary to continue the study until the assumed number of patients is reached.

Key words: anastomotic leak, colorectal resection, intraoperative indocyanine-green angiography, anastomosis per-
fusion.
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scopic procedures does not occur more often than 
after open surgery, but increases perioperative mor-
tality, extends the time of hospitalization of patients, 
reduces the quality of life, and increases the costs of 
treatment [6–8]. Due to the lack of a uniform defini-
tion of leakage, the frequency of this complication 
in various studies ranges from 1 to 19% [9, 10]. The 
occurrence of AL depends on many factors such as 
age, gender, ASA score, malnutrition, obesity, smok-
ing, stage of cancer, radio- and chemotherapy histo-
ry, intraoperative blood loss and the duration of the 
procedure. The type and location of the anastomosis 
are important [11, 12]. The reported incidence of AL 
is 1–4% for ileocolic anastomoses, 2–3% for coloco-
lic anastomoses, 3–7% for ileorectal and 5-19% for 
colorectal/coloanal anastomoses [13]. The main role 
in the formation of leakage from the anastomosis is 
attributed to disorders of blood supply and insuffi-
cient perfusion of the integrated intestinal sections. 
Intraoperative assessment of blood supply based on 
color control and bleeding from the resection mar-
gins is inaccurate and often underestimates the risk 
of leakage [14, 15]. 

Intraoperative fluorescent angiography (FA) us-
ing indocyanine green (ICG), thanks to the use of 
laparoscopic equipment equipped with special elec-
tronic filters, is a method that allows one to assess 
the blood flow through the composite sections of 
the intestine and thus prevent the development of 
postoperative anastomotic leakage [16, 17].

Indocyanine green is a  non-toxic dye and has 
been used in medicine since the 1950s, initially in 
the evaluation of cardiac ejection and liver function, 
and then in the evaluation of retinal flow. It was au-
thorized by the FDA for clinical use in 1956. After 
administration, fluorescence of indocyanine green 
can be observed by using near-infrared light with 
a wavelength between 750 and 800 nm with appro-
priate cameras. Indocyanine green is broken down 
in the liver and the half-life is 3–4 min. This allows 
for multiple administration of the dye in one oper-
ation [18].

Aim

The aim of the study is to present the prelimi-
nary results of the use of intraoperative fluorescence 
angiography using indocyanine green during rectal 
resection procedures due to cancer in the prevention 
of anastomotic leakage.

Material and methods

A prospective, randomized, controlled, single cen-
ter clinical study was carried out with the consent of 
the local bioethics committee (1072.6120.126.2020). 
The study was registered at ClinicalTials.gov. 
(NCT05263336). All patients included in the study 
gave their informed consent to participate in it. 

The number of patients was estimated based on 
the primary endpoint of the study, i.e., the rate of 
anastomotic leak. The number of patients was set 
so that the power of the test was at least 80% with 
a significance level of < 0.05. To obtain such param-
eters, 78 patients in each group should be included 
in the study. We are currently publishing data in the 
middle of our study.

Both sexes aged 20–80 years old were includ-
ed in the study, with potentially resectable rectal 
cancer located on colonoscopy up to 12 cm from 
the rectal margin, operated on in a planned man-
ner, in which laparoscopic rectal resection with the 
formation of intestinal anastomosis was planned. 
Qualification for preoperative radio- or chemora-
diation was based on magnetic resonance imaging 
(MRI) assessment. Patients were operated on 5 to  
7 days after short radiotherapy and 5 to 6 weeks 
after chemoradiation.

The exclusion criteria were the lack of consent to 
participate in the study, allergy to any component of 
the drug, the inability to perform laparoscopic sur-
gery, and emergency surgery. Additionally, patients 
for whom an intraoperative decision was made not 
to perform anastomosis were excluded from the 
study. 

Patients qualified for laparoscopic surgery were 
randomly assigned to one of two groups. Random-
ization of patients assigned to groups took place 
during surgery.

The study group consisted of patients who un-
derwent intraoperative evaluation of intestinal per-
fusion at two moments of surgery – before the choice 
of the anastomosis site, and after the anastomosis. 
The evaluation was performed by a  surgeon after 
intravenous administration of 1 ampoule (50  mg) 
of ICG diluted with 10 ml of water for injection and 
divided into two equal doses (Verdye 5 mg/ml, Diag-
nostic Green). The first dose of dye was administered 
intravenously after intestinal dissection and allowed 
for choosing the sites of intestinal intersection. The 
second dose of dye was administered intravenously 
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after the anastomosis to assess the blood supply of 
the edges of the anastomosis (Photos 1–3). 

The control group consisted of patients who were 
operated on using the same technique as the study 
group, but without the use of intraoperative fluores-
cent angiography, in which the evaluation of intesti-
nal blood supply was carried out in visible light. 

In both groups, the length of hospitalization, the 
frequency of complications, the severity of compli-
cations according to the Clavien-Dindo classification 
[19], the frequency of anastomotic leaks, and the 
need for reoperation were assessed. 

The primary endpoint, and at the same time the 
measure of the effectiveness and impact of the use 
of indocyanine green in intestinal anastomosis, was 
the number of complications in the form of anasto-
motic separation.

The secondary endpoints were the length of hos-
pitalization, the need for reoperation and the emer-
gence of a stoma.

The operated patients were managed in accor-
dance with the ERAS protocol. In all patients, me-
chanical preparation of the intestine for the proce-
dure was applied. All operations were performed 
laparoscopically. All operations were performed 
using the 4K Karl Storz laparoscopic system. High 
inferior mesenteric artery ligation was used. Mobi-
lization of the splenic flexure and descending colon 
and partial or total mesorectal excision depended on 
the location of the tumor and anatomical conditions. 
The exteriorization of the tumor was carried out by 
mini-laparotomy above the pubic symphysis from 
the Pfannenstiel cut. The evaluation of the ends of 
the intestine to be anastomosed was carried out in 
the study group using fluorescent angiography using 
ICG, and in the control group only based on mac-
roscopic assessment by the operator and the assis-
tant. If inadequate blood supply was found, ischemic 
sections of the intestine were resected proximally. 
The anastomosis was performed using the two-sta-
pler technique, using Echelon Flex, Ethicon staplers 
and Medtronic 28–29 mm circular staplers.

Evaluation of postoperative patients for anasto-
motic leaks was performed up to 30 days postoper-
atively. An anastomotic leak was defined according 
to the International Study Group of Rectal Cancer 
as any anastomotic defect leading to communica-
tion between the intestinal lumen and the external 
space [20]. The occurrence of symptoms of peritoni-
tis, the appearance of intestinal content in the drain 
or wound, the presence of rectovaginal fistula, and 
the result of rectal or endoscopic examination were 
considered.

Clinical data on the course of treatment have 
been obtained from the hospital information sys-
tem. The obtained data were collected in an elec-
tronic database.

Photo 3. Assessment of bowel perfusion before 
anastomosis using near infra-red light after in-
jection of ICG

Photo 1. Identification of the ischemic bowel 
during laparoscopic anterior resection – standard 
light (note no difference in the two segments)

Photo 2. Identification of the ischemic bow-
el during laparoscopic anterior resection using 
near infra-red light after injection of ICG (differ-
ence between two segments)
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Statistical analysis

Statistical analysis was performed using the 
SPSS statistical package by IBM. Quantitative results 
are expressed in average with standard deviation. 
Student’s t-test and the non-parametric Mann-Whit-
ney U test were used to analyze quantitative results. 
For the evaluation of the qualitative variables, the 
c2 test was used. The Spearman correlation test be-
tween two variables was used as well. The level of 
statistical significance was p < 0.05.

Results

From December 2020 to August 2021, 85 pa-
tients with rectal cancer were initially included in the 
study. On endoscopic examination, the lower limit 
of the tumor was up to 12 cm from the anus verge. 
Based on the MRI study, 63 patients were referred 
for preoperative radiochemotherapy and 2 patients 
for radiotherapy. 20 patients due to the too high 
position of the tumor in the rectum did not receive 
neoadjuvant treatment. After further analysis of the 
results of the studies, another 4 patients, who were 
planned for surgery using the Hartmann procedure 
or abdominal-perineal amputation, were excluded 
from the study. Eighty-one patients were included 
in the study. Intraoperatively, due to the degree of 
tumor staging or anatomical conditions, it was de-
cided not to perform anastomosis in 5 cases. Finally,  
76 patients who underwent anastomosis were ran-
domized intraoperatively. Forty-one patients (group I)  
were randomized to receive fluorescent angiogra-
phy using ICG, and 35 patients (group II) were ran-
domized to a group where, prior to the anastomosis, 
blood supply was not assessed using fluorescent an-
giography (Figure 1).

The two groups did not differ significantly in 
terms of age, gender, body mass index (BMI), ASA 
score, disease stage, tumor location or neoadjuvant 
treatment. A  precise comparison of the groups in 
terms of these parameters is presented in Table I.

All patients underwent laparoscopic anterior rec-
tal resection with partial or total mesorectal excision. 
In no case was a  protective ileostomy performed. 
Groups I and II did not differ in the average distance 
of the anastomosis from the anal verge: 5.6 cm and 
5.7 cm, respectively (p = 0.983). The duration of the 
operation was 132.4 min in group I and 128.6 min in 
group II. These differences were also not significant 
(p = 0.676). During surgery, the contrast time of the Figure 1. Enrollment flow diagram (CONSORT)

85 patients with rectal cancer (lower edge of 
the infiltration up to 12 cm from the anal verge 
– in endoscopic examination) 12.2020–08.2021 
• 20 without preoperative treatment – too high 

according to MRI 
• 63 preoperative radiochemotherapy 
• 2 preoperative radiotherapy

4 patients 
• 2 patients – Hartmann’s procedure 
• 2 patients – abdominal-perineal resection 

5 patients 
• 3 patients – Hartmann’s procedure
• 2 patients – abdominal-perineal resection 

76 patients 
• Random allocation 

41 patients 
• Group I 
• Fluorescent ICG angiography 

35 patients 
• Group II 
• No ICG

81 patients enrolled in the study 

intestinal wall after administration of indocyanine 
green was 22 to 65 s, on average 42.2 s. The aver-
age time needed to perform fluorescent angiogra-
phy was 4.3 min, which represented only 3.2% of the 
duration of the procedure. In 3 (7.3%) cases, based 
on the angiography, ischemia of the sections of the 
intestine prepared for anastomosis was found and 
it was necessary to broaden the scope of resection. 
In group II, based on the traditional assessment of 
blood supply, no patient’s anastomosis was changed.

Complications in the postoperative period oc-
curred in 6 patients from group I (14.6%) and 7 from 
group II (20%). In both groups, Clavien-Dindo class 
I and II complications prevailed. There were no com-
plications with the dye. The studied groups did not 
differ in terms of the occurrence of such complica-
tions as temporary gastrointestinal motility disor-
ders, surgical site infections and dysuria. 

In the study group, after angiography, 3 (7.3%) 
patients underwent widening of the extent of resec-
tion to achieve optimal blood flow in the anastomo-
sed bowel stumps. No anastomotic leakage was ob-
served among these patients. In the group without 
the use of ICG, due to the absence of observed signs 
of poor blood supply to the anastomosed bowel 
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stumps, the extent of resection was not widened in 
any case. However, the difference between the two 
groups in modification of the anastomotic site was 
not statistically significant.

In group I, there was no case of anastomotic 
leakage, in contrast to group II, where there were  
3 (8.6%) cases of anastomotic leakage. However, 
this difference did not reach statistical significance 
(p = 0.093). 2 patients, due to developing perito-
nitis, required emergency surgery with colostomy.  
In 1 case, the AL was endoscopically treated. No 
deaths due to leakage have been observed. 

The studied groups did not differ significantly in 
terms of neo-adjuvant treatment. There was also no 
effect of preoperative radio-chemotherapy on the 
risk of anastomotic leakage. 

A detailed comparison of the groups in terms of 
these parameters is presented in Table II.

A  significant factor affecting the occurrence of 
anastomotic leakage was the duration of surgery: 
the longer the operation, the higher the risk of anas-
tomotic leakage (p = 0.029) and prolonged hospital-
ization (p = 0.026). 

Patients’ hospitalization time was longer in 
group II (mean: 4.9 days) than in group I  (mean:  
4.4 days), but the difference was not statistically sig-
nificant.

Discussion

Laparoscopic colorectal surgery is now the standard 
treatment for colorectal cancer. With comparable long-
term outcomes to open surgery, it allows for fewer com-
plications and shorter hospitalization of the patient. 
However, laparoscopic surgery does not significantly 
change the risk of anastomotic leakage. The occurrence 
of this complication often requires reoperation, increas-
es perioperative mortality, prolongs hospitalization, and 
increases treatment costs. It also affects the long-term 
results of treatment. Traditional methods of assessing 
anastomotic blood supply are subjective and cannot al-
ways be used in laparoscopic surgery.

A fairly common way to reduce the risk of anas-
tomotic leakage is to create a  diverting ileostomy. 
Studies published by Ihnát et al. and Niu et al. as 
well as a meta-analysis by Ahmad et al. show that 

Table I. Demographic and clinical characteristics of patients 

Parameter Patients (all)
N = 76

Group I
N = 41

Group II
N = 35

P-value

Sex: n.s.

Male 47 (61.8) 26 (63.4) 21 (60.0)

Female 29 (38.2) 15 (36.6) 14 (40.0)

Age [years] mean ± SD 64.7 ±10.5 64.7 ±10.6 64.8 ±10.6 n.s.

BMI [kg/m2] mean ± SD 26.6 ±4.4 26.5 ±4.7 26.7 ±4.2 n.s.

ASA grade n (%): n.s.

I 1 (1.3) 1 (2.4) 0

II 39 (51.3) 23 (56.1) 16 (45.7)

III 35 (46.1) 17 (41.5) 18 (51.4)  

IV 1 (1.3) 0 1 (2.9)

Distance of tumor from 
anal verge [cm] mean ± SD

7.9 ±2.6 8.1 ±2.7 7.6 ±2.4 n.s.

AJCC/UICC stage n (%): n.s.

0 6 (7.9) 3 (7.3) 3 (8.6)

I 24 (31.6) 13 (31.7) 11 (31.4)

II 15 (19.7) 6 (14.6) 9 (25.7)

III 24 (31.6) 15 (36.6) 9 (25.7)

IV 7 (9.2) 4 (9.6) 3 (8.6)

Chemo-radiotherapy n (%) 59 (77.6) 29 (70.7) 30 (85.7) n.s.
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creating a  protective ileostomy is not an optimal 
solution either. It does not eliminate the possibility 
of anastomotic leakage, but only reduces its symp-
toms while increasing the risk of other postoperative 
complications, especially those dependent on the 
stoma. Additionally, temporary ileostomy decreases 
the quality of life of patients and requires reopera-
tion to restore the continuity of the gastrointestinal 
tract, which may cause further complications [21–
23]. For these reasons, we do not perform diverting 
ileostomies as standard at our institution, and no 
patient included in the study had one created. 

The desire to reduce anastomotic leakage after col-
orectal surgery has led to the introduction of fluores-
cent angiography using indocyanine green. Many pub-
lications indicate the positive effect of this technique 
on reducing the risk of leakage, but there are relatively 
few randomized, prospective studies or meta-analy-
ses. This limits the ability to unequivocally recommend 
this method to prevent anastomotic leakage. Most 
studies show that indocyanine green fluorescence an-
giography improves the ability to correctly assess the 
blood supply to the anastomosed bowel segments. 
ICG administration is a safe procedure with virtually 
no side effects. It can be used in almost any patient, 
except in cases of allergy to iodine compounds, hyper-
thyroidism or extreme renal failure [24]. 

The use of ICG angiography in our study did 
not significantly increase the duration of surgery 

(132.4 min – ICG group vs. 128.6 min – no ICG group). 
Boni et al. [25] and Mizrahi et al. [26] also found no 
significant difference in the duration of surgery. 
In contrast to these results, Skrovina et al. found 
a  significantly longer operation time with FA (242 
vs. 219 min) [27]. The duration of surgery matters. 
In our study, we found that prolonging the duration 
of surgery significantly increased the risk of anas-
tomotic leakage. This is also in agreement with the 
meta-analysis data of Qu et al., where prolonging the 
duration of surgery increased the risk of AL [9].

Correct assessment of blood supply allows the in-
traoperative decision to resect the ischemic part of 
the intestine and perform anastomosis in a site with 
normal perfusion. Jafari et al. in the PILLAR II study 
noted a  change in management strategy in 7.9% 
of cases. AL was not found in any of these patients 
[28]. The need to reposition the anastomotic line oc-
curred in the study by Wada et al. in 16.1% of cas-
es. However, this did not prevent leakage in 22.2% 
of these patients [29]. In this respect, our study is 
closer to the PILLAR II study. In the study group, af-
ter angiography, 3 (7.3%) patients underwent a wid-
ening of the extent of resection to achieve optimal 
blood flow in the anastomosed bowel segments. No 
anastomotic leakage was observed among these pa-
tients.

The main goal of introducing LA with ICG in 
colorectal surgery was to reduce the number of 

Table II. Results of surgery in the two groups

Parameter Group I 
N = 41

Group II 
N = 35

P-value

Operation time [min] mean ± SD 132.4 ±39.6 128.6 ±37.7 n.s.

Time of ICG administration [s] mean ± SD 42.2 ±11.4 n/a n/a

Time of evaluation of ICG FA [s] mean ± SD 258.2 ±79.7 n/a n/a

Distance of anastomosis from anal verge [cm] mean ± SD 5.6 ±1.7 5.7 ±1.7 n.s.

Change of transection line n (%) 3 (7.3) 0 n.s.

Anastomotic leakage n (%) 0 3 (8.6) n.s.

Reoperation n (%) 0 2 (5.7) n.s.

Complications n (%) 6 (14.6) 7 (20.0) n.s.

Clavien-Dindo grade n (%): n.s.

I 3 (7.3) 3 (8.6)

II 2 (4.9) 1 (2.9)

IIIa 1 (2.4) 1 (2.9)

IIIb 0 2 (5.7)

Mean hospital stay [days] mean ± SD 4.4 ±0.8 4.9 ±2.5 0.047
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intestinal anastomotic leaks. The results of the 
meta-analysis by Li et al. [30] and Blanco-Colino 
et al. [31] show that the number of anastomotic 
leaks is significantly lower in the group of patients 
operated on with ICG. In our study the preliminary 
results suggested the possibility of such a relation-
ship, but it did not reach statistical significance  
(p = 0.093). However, no patient who underwent 
intraoperative LA had anastomotic failure. Alek-
seev et al. in a  randomized study found a  signif-
icant reduction in the number of leaks for low 
colorectal anastomoses (4–8 cm from the crestal 
line), but no such relationship for anastomoses at 
a depth of 9–15 cm [32].

The hospitalization time of patients after lapa-
roscopic rectal resections using fluorescence angi-
ography was not significantly shorter compared to 
patients who underwent anastomosis without this 
technique. This is consistent with the results ob-
tained by De Nardi et al. [33] and Alekseev et al. [32], 
who also found no such relationship. In contrast to 
these results Impellizzeri et al. and Otero-Piñeiro  
et al. observed a reduction in hospitalization time for 
patients operated on with FA [34, 35]. 

The design of the study, which was prospective 
and randomized, limited the number of patients in-
cluded in the study. Despite the random allocation 
of patients to the study and control group, their rel-
atively small number does not allow the elimination 
of bias. Another limitation may be subjective assess-
ment of ICG without perfusion quantification and 
the need of use of laparoscopes with the highest, 4K, 
resolution available today, with electronic overlay of 
the fluorescence angiography image over the white 
light image, not available in most operating rooms. 

Conclusions

Based on the results of our study, we can conclude 
that intraoperative fluorescent angiography using 
indocyanine green is a safe and effective method of 
assessing intestinal blood supply. Administration of 
indocyanine green does not increase the number of 
complications and does not significantly prolong the 
time of surgery. Our study suggests that the use of 
fluorescent angiography during laparoscopic rectal 
resections, by modifying the treatment plan, reduc-
es the number of anastomotic leaks and reduces the 
length of the patient’s stay in the hospital. In our 
opinion, the introduction of fluorescence angiogra-

phy using ICG as a  standard method of assessing 
anastomosis in colorectal surgery is justified.

It is necessary to continue the study until the 
planned number of patients is reached. This may al-
low the statistical significance of the results to be 
reached and final conclusions to be drawn.
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