International Journal of Colorectal Disease (2020) 35:269-275
https://doi.org/10.1007/500384-019-03482-0

ORIGINAL ARTICLE

®

Check for
updates

Efficacy of indocyanine green fluorescence angiography
in preventing anastomotic leakage after laparoscopic colorectal
cancer surgery

Masayuki Ishii' @ - Atsushi Hamabe' - Kenji Okita' - Toshihiko Nishidate' - Koichi Okuya' - Akihiro Usui’ «
Emi Akizuki' - Tetsuta Satoyoshi' - Ichiro Takemasa'

Accepted: 29 November 2019 /Published online: 14 December 2019
© Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract

Purpose Some recent studies have suggested that fluorescence angiography with indocyanine green (ICG) might be useful for
preventing anastomotic leakage (AL) after laparoscopic colorectal surgery. However, its efficacy has not been proven. We
evaluated whether intraoperative ICG fluorescence angiography could decrease the AL rate with laparoscopic colorectal cancer
surgery.

Methods This retrospective study included patients with colorectal cancer who underwent laparoscopic surgery at our institution
between March 2014 and December 2018. Patients were divided into two groups: with or without ICG fluorescence angiography.
The primary outcome was the rate of AL.

Results A total of 488 patients were included: 223 patients in the ICG group and 265 patients in the no-ICG group. In the ICG
group, the transection line was changed to a more proximal location in seven patients (3.1%), including one patient with
transverse colon surgery and six with rectal surgery. None of these seven patients developed AL. There were 18 ALs (3.7%)
overall. The AL rate was 1.8% in the ICG group and 5.3% in the no-ICG group. For colon cancer, there were no significant
differences in the AL rate between the groups (p = 0.278). In rectal cancer, the AL rate was significantly lower in the ICG group
than in the no-ICG group (3.5% vs. 10.5%, p = 0.041). After propensity score matching, the AL rate was also significantly lower
in the ICG group for rectal cancer (p = 0.044).

Conclusion ICG fluorescence angiography can potentially reduce the AL rate with laparoscopic rectal cancer surgery.

Keywords Indocyanine green fluorescence angiography - Anastomotic leakage - Laparoscopic colorectal surgery - Rectal cancer

Introduction

Laparoscopic surgery for colorectal cancer has become wide-
spread in last two decades. Compared to open surgery, better
short-term outcomes and reasonable long-term oncological
results have been confirmed with laparoscopic surgery
[1-7]. Although laparoscopic surgery is regarded as a feasible
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approach, it is more technically demanding than open surgery,
and inadequate procedures could lead to complications.
Colorectal cancer surgery is associated with various compli-
cations, of which anastomotic leakage (AL) is among the most
detrimental. AL can increase postoperative morbidity and
mortality rates, as well as the risk of local recurrence in rectal
cancer resection [8—10]. For the purpose of improving laparo-
scopic colorectal cancer treatment, it is crucial to prevent the
occurrence of AL.

Many factors are associated with AL occurrence. One of
the most important factors is blood flow to the intestinal stump
used in the anastomosis. Although sufficient blood blow is
required to make a stable anastomosis, it is not always easy
to evaluate blood flow precisely. Recently, indocyanine green
(ICG) fluorescence angiography with near-infrared (NIR)
light has been introduced in the field of laparoscopic surgery.
We can utilize this method for real-time intraoperative
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assessment of intestinal blood flow in a way that differs from
conventional methods [11-13]. Although ICG fluorescence
angiography might be an efficient method to prevent AL after
laparoscopic colorectal surgery, whether ICG fluorescence an-
giography can decrease the rate of AL has not been demon-
strated. Given this context, we aimed to clarify whether the
use of intraoperative ICG fluorescence angiography could de-
crease the rate of AL.

Methods
Patients

This retrospective cohort study included 488 consecutive pa-
tients with colorectal cancer who underwent laparoscopic co-
lorectal resection with creation of an anastomosis between
March 2014 and December 2018 at our institution. Patients
with a previous history of colorectal resection, allergic hyper-
sensitivity to ICG or iodine, multiorgan resection, preopera-
tive intestinal obstruction, more than two anastomoses due to
multiple sites of colorectal cancer, intra-abdominal infection,
or severe comorbidities were excluded. We began to use ICG
fluorescence angiography to assess intestinal perfusion at
anastomotic sites in June 2017 when a laparoscopic system
equipped with NIR was introduced. Since then, it has been
performed in all cases except when the patient has an allergic
hypersensitivity to ICG or iodine.

Analysis

Patients were classified into two groups. Patients who did not
receive ICG fluorescence angiography were defined as the no-
ICG group. Patients who underwent ICG fluorescence angi-
ography were defined as the ICG group. The following patient
and tumor-related characteristics were assessed: age, sex,
American Society of Anesthesiologists (ASA) score, body
mass index (BMI), tumor size, histopathology details, tumor
location, and distance between the distal side of the tumor and
the anal verge (AV distance) in patients with rectal cancer. The
primary outcome was the rate of AL within 30 days of the
initial operation. The effect of ICG fluorescence angiography
on the rate of AL was analyzed by comparing the rate of AL in
the two groups. In this study, we assessed symptomatic AL,
which was defined as discharge of feces or gas from the drain
or wound, discharge of pus per rectum, or rectovaginal fistula
[14]. When AL was clinically suspected, one or more of the
following imaging examinations were performed: (i) contrast
enema radiography, (ii) contrast radiography through the
drain, (iii) computerized tomography (CT), or (iv) rectoscopy.
Intrapelvic abscesses with no dehiscence in the anastomosis
were not defined as AL. Postoperative complications were
categorized according to the Clavien-Dindo classification.
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Complications of Clavien-Dindo classification grade II or
higher were recorded.

Surgical procedure

We performed standard laparoscopic procedures for colorectal
cancer resection and robotic procedures for rectal cancer resec-
tion established in our institution. Briefly, after inserting an initial
port into the umbilicus, pneumoperitoneum was established with
carbon dioxide insufflation at 10 mmHg. Four to five additional
ports were then inserted. The operation continued with the multi-
port technique. For colon cancer resection, the colon and
mesocolon were sufficiently mobilized to extract the cancer spec-
imen. For sigmoid and rectal cancer resection, the distal rectum
was transected intracorporeally using a laparoscopic linear sta-
pler. After resecting the cancer specimen, the anastomosis was
completed with the end-to-end double stapling technique for
sigmoid colon cancer or rectal cancer or with the functional
end-to-end anastomosis technique for other types of colon can-
cer. When performing an intersphincteric resection (ISR), a hand-
sewn anastomosis was performed from the anal side.

ICG fluorescence angiography

Before creating the anastomosis, we performed fluorescence
angiography with a 5-mg intravenous ICG injection, to assess
the perfusion of the proximal colon (Figs. 1 and 2). The cam-
era was fixed 15 cm away from the extracted specimen. If
blood flow at the anastomotic site was not confirmed by
60 s after injection, we selected a more proximal site where
a demarcation line was clearly observed.

Statistical analysis

Patient demographic and surgical variables were summarized as
numbers (%) or medians (range). Comparisons between two
groups were performed with Fisher’s exact test or the Mann—
Whitney U test, as appropriate. To adjust for different distribu-
tions of covariates in the two groups that might lead to selection
bias, propensity score matching was used. For each patient, a
propensity score was calculated based on age, sex, tumor size,
and cStage for colon cancer surgery. In addition to these vari-
ables, AV distance, neoadjuvant treatment, and whether or not a
diverting stoma was created were included in the propensity
score for rectal cancer surgery; all of these variables are well-
known risk factors for AL [15]. One-to-one matching was per-
formed using the nearest-neighbor matching method. The size of
the caliper was set to 0.20 of the standard deviation of the logit of
the estimated propensity score. All calculations were performed
using EZR, a statistical software package based on R (Easy R,
Version 2.13.0; Jichi Medical University, Saitama, Japan) [16].
All results were expressed as medians (range). Values of p < 0.05
were considered significant.
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Fig. 1 Intraoperative views of rectal cancer resection. (A) View with standard light. (B) View with NIR light before ICG injection. (C) View with NIR
light after ICG injection. Good perfusion was confirmed. NIR near-infrared, /CG indocyanine green

Results
Patients

A total of 223 patients were included in the ICG group, and
265 patients were included in the no-ICG group. Patient, tu-
mor, and surgical characteristics are summarized in Tables 1
and 2. There was a higher proportion of male patients in the
ICG group, and median age was higher in the no-ICG group,
but these differences were not statistically significant
(p=0.275 and p= 0.065, respectively). Regarding tumor lo-
cation, there were 116 patients with rectal cancer (52.0%) in
the ICG group and 104 (39.2%) in the no-ICG group
(p= 0.028). Among patients with rectal cancer, the median
AV distance was 4.0 cm in the ICG group, which was similar
to the median AV distance of 4.5 cm in the no-ICG group
(p= 0.058). Preoperative chemotherapy was more frequently
administered in the ICG group (p= 0.037). There were no
significant differences in tumor size, tumor location, stage,
BMI, diverting stoma status, or neoadjuvant treatment be-
tween the two groups. Regarding the type of rectal cancer
surgery, the robotic approach was performed for 31.8% of
patients in the ICG group, which was significantly higher than

the 21.2% in the no-ICG group (p = 0.001). In addition, ISR
was more frequently performed in the ICG group (28.4% in
the ICG group and 14.4% in the no-ICG group, p= 0.014).

Surgical results

In the ICG group, 7 of 223 patients (3.1%) had the transection
line changed to a more proximal location because perfusion in
the initially planned site for anastomosis was judged to be
insufficient based on ICG fluorescence angiography. One pa-
tient underwent transverse colon surgery and six patients
underwent rectal surgery. None of these seven patients devel-
oped AL postoperatively.

Details about postoperative complications are shown in
Table 3. A total of 18 ALs were observed. The overall AL rate
was 3.7%. The AL rate in the ICG group was 1.8%, which
was significantly lower than the AL rate of 5.3% in the no-
ICG group (p = 0.033). Complications considered to be relat-
ed to ICG fluorescence angiography were not observed. There
were no significant differences between the two groups in the
frequency of other kinds of complications such as ileus, sur-
gical site infection, pneumonia, or urinary dysfunction.
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Fig. 2 Intraoperative views of ascending colon cancer resection. (A) View with standard light. (B) View with NIR light before ICG injection. (C) View
with NIR light after ICG injection. Good perfusion was confirmed. NIR near-infrared, /CG indocyanine green
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Table 1 Patient, tumor, and

surgical characteristics Characteristic No-ICG (n =265) ICG (n =223) P
Patient characteristics
Sex (male/female) 136/129 126/97 0.275
Age (years) 69 (27-93) 67 (30-90) 0.065
ASA score (1/2/3/4) 54/181/30/0 50/147/26/0 0.456
BMI (kg/m?) 22.7(16.1-33.4) 22.9 (15.1-32.3) 0.261
Tumor characteristics
Tumor size (mm) 35 (8-100) 35 (10-90) 0.279
Tumor location (right colon/left colon/rectum) 70/91/104 46/61/116 0.028
cT (Tis/1/2/3/4) 4/34/44/167/16 2/46/34/131/8 0.597
cN (0/1/2/3) 178/58/17/12 149/54/12/8 0.140
cM (0/1) 251/14 207/16 0.566
cStage (0/1/2/3/4) 4/77/92/78/14 2/56/74/65/16 0.127
Rectal cancer characteristics
AV distance (cm) 4.5(2-12.0) 4.0 (2-12.0) 0.058
Neoadjuvant treatment (yes/no) 23/81 39/77 0.141

ASA American Society of Anesthesiologists; BMI body mass index; AV anal verge

Effect of ICG fluorescence angiography

We analyzed the rate of AL for colon cancer and rectal cancer
surgery separately (Table 2). For colon cancer surgery, the AL
rate was 0% in the ICG group and 1.8% in the no-ICG group
(p=0.278). For rectal cancer surgery, the AL rate was 3.5% in
the ICG group, which was significantly lower than the rate of
10.5% in the no-ICG group (p = 0.041).

Although the AL rate for rectal cancer surgery was signif-
icantly lower in the ICG group than in the no-ICG group, bias
between the groups can distort the results in the entire cohort.
Propensity score matching analysis was used to minimize this
bias. After propensity score matching, the two groups were
nearly balanced; details on 87 matched pairs for rectal cancer
are shown in Table 4. There were no significant differences in

Table2  Operative technique

No-ICG (n =265) ICG (n =223) p

Surgical procedure

Ileocecal resection 31 16 0.511
Right hemicolectomy 29 21 0.748
Left hemicolectomy 12 5 0451
Partial colectomy 15 14 0.235
Sigmoidectomy 74 51 0.529
High anterior resection 25 17 0.058
Low anterior resection 64 66 0.496
Intersphincteric resection 15 33 0.014
Surgical approach for rectal cancer

Laparoscopic 93 79 0.001
Robotic 11 37

sex, age, ASA score, BMI, AV distance, tumor size, tumor
location, stage, or diverting stoma status. Regarding surgical
approach, robotic surgery was more frequently performed in
the ICG group (p = 0.016). After propensity score matching,
the AL rate in the ICG group was 3.4%, which was signifi-
cantly lower than the 11.5% in the no-ICG group (p = 0.044).
In addition, propensity score matching was performed for co-
lon cancer resection to minimize bias. No cases of AL were
extracted in either group because few ALs occurred with co-
lon cancer surgery (Supplemental Table 1).

Discussion

In this study, we found that ICG fluorescence angiography is
an efficient method for preventing the occurrence of AL with
laparoscopic rectal cancer resection. Our results suggest that
routine use of this method could potentially improve the re-
sults of laparoscopic rectal cancer surgery. By contrast, an

Table 3  Postoperative complications
No-ICG ICG p

Anastomotic leakage 14 (5.3%) 4 (1.8%) 0.033
Colon 3 (1.8%) 0 (0.0%) 0.278
Rectum 11 (10.5%) 4 (3.5%) 0.041
Ileus 8 (3.0%) 7 (3.1%) 0.934
Surgical site infection 9 (3.3%) 7 (3.1%) 0.897
Pneumonia 5 (1.9%) 4 (1.8%) 0.949
Urinary dysfunction 7 (2.6%) 8 (3.5%) 0.705
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Table 4  Characteristics before and after propensity score matching among patients who underwent rectal cancer surgery
Before matching After matching
Factor No-ICG (n =104) ICG (n =116) P No-ICG (n =87) ICG (n =87) P
Patient characteristics
Sex (male/female) 61/43 69/47 0.816 50/37 49/38 0.878
Age (years) 65 (27-90) 64(31-88) 0.657 65 (35-80) 64 (32-81) 0.684
ASA score (1/2/3/4) 14/80/10 19/80/17 0.628 11/70/6 12/67/8 0.738
BMI (kg/m?) 22.8 (16.1-31.4) 22.3 (15.3-32.5) 0.325 22.3 (18.9-30.3) 22.2 (18.4-30.2) 0.482
Tumor characteristics
AV distance (cm) 4.5 (2-12.0) 4.0 (2-12.0) 0.058 4.5 (2.0-12.0) 4.0 (2.0-12.0) 0.674
Tumor size (mm) 35 (8-80) 30 (10-90) 0.168 35 (10-60) 35 (10-65) 0.693
Tumor location (RS/Ra/Rb) ** 25/31/48 25/35/56 0.304 18/29/40 13/28/46 0.633
cT (Tis/1/2/3/4) 0/9/23/68/4 2/13/25/71/5 0.354 0/9/20/55/3 1/10/19/55/2 0.439
cN (0/1/2/3) 65/26/4/9 78/26/5/7 0.563 59/16/6/6 61/19/4/3 0.585
cM (0/1) 96/8 106/10 0.289 81/6 78/9 0.408
cStage (0/1/2/3/4) 0/28/39/29/8 2/29/53/22/10 0.718 0/24/34/23/6 2/22/36/18/9 0.765
Preoperative therapy
Neoadjuvant treatment (yes/no) 23/81 39/77 0.050 21/66 24/63 0.603
Surgical procedure
High anterior resection 25 17 0.058 18 14 0.467
Low anterior resection 64 66 0.496 54 55 0.821
Intersphincteric resection 15 33 0.014 15 18 0.599
Diverting stoma 59 73 0.349 48 52 0.540
Surgical approach
Laparoscopic 93 75 0.001 77 65 0.016
Robotic 11 36 10 22
Anastomotic leakage 11 (10.5%) 4 (3.6%) 0.041 10 (11.5%) 3 (3.4%) 0.044

ASA American Society of Anesthesiologists; BMI body mass index; AV anal verge; RS rectosigmoid; Ra upper rectum; Rb lower rectum?®

obvious effect of ICG fluorescence angiography in colon can-
cer resection could not be confirmed.

Previous studies have reported that many factors could be
associated with AL, including male sex, higher age, advanced
stage, low anastomosis, large tumor diameter, comorbidities,
malnutrition, obesity, smoking, preoperative radiotherapy, ad-
vanced tumor stage, prolonged operative time, blood loss,
more than three uses of the stapler, diverting ileostomy, and
inadequate blood supply to the anastomosis [15, 17-19].
Although it is difficult to preoperatively control most of these
risk factors with medical interventions, it might be possible to
identify parts of the intestines with sufficient perfusion if an
appropriate method to assess blood flow is available.
Conventionally, intestinal perfusion has been evaluated by
surgeons based on several clinical signs, including the color
of the bowel serosa, palpable pulsation, peristaltic movement,
and active bleeding from marginal arteries [20]. These signs
might be problematic because assessments are surgeon-
dependent and tend to be inconsistent. Moreover, a definite
demarcation line cannot always be recognized, as

demonstrated by Karliczek et al. [21]. Thus, technical ad-
vances are needed to solve this problem.

To date, several techniques have been developed to
evaluate intestinal perfusion, such as Doppler ultrasound,
laser Doppler flowmetry, angiography, and oxygen spec-
troscopy. These techniques, however, were not widely
adopted due to reasons including high initial costs, tech-
nical complexities, and inconsistent results [22]. The NIR
system was introduced to perform intraoperative angiog-
raphy more easily; it allows for real-time intraoperative
evaluation of bowel perfusion [11, 13]. ICG fluorescence
angiography could potentially be used to identify parts of
the intestines with sufficient perfusion easily and objec-
tively. It has been previously reported that ICG use in
colorectal surgery might decrease the incidence of AL
by assessing blood flow [23-25]. Most previous studies
were based on the studies with small sample sizes or the
lack of a historical control group. Regarding methods for
evaluating ICG fluorescence, the distance from the scope
to the area seemed to be inconsistent, which might
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influence the intensity of the fluorescence. In addition,
ICG fluorescence angiography was performed before in-
testinal transection, resulting in the possibility that blood
flow in the anastomotic portion might be impacted by
additional manipulation. Based on these factors, we con-
ducted this study to overcome limitations of prior studies.

The rate of AL after laparoscopic colon cancer resec-
tion has been reported to be 1-8% [15, 26, 27], whereas
the rate after rectal cancer resection is higher, ranging
from 5% to 19% [8, 15, 26, 28]. In this study, the rate
of AL for colon cancer resection was 0% and 1.8% in the
ICG and no-ICG groups, respectively, which are likely to
be better than in previous reports. In the entire rectal can-
cer resection cohort, the AL rate of 10.5% in the no-ICG
group was significantly higher than the 3.5% in the ICG
group, suggesting that a difference of approximately sev-
en percentage points in the rate of AL could be prevented
by the use of ICG fluorescence angiography. Intriguingly,
we changed the transection line to a more proximal loca-
tion after ICG fluorescence angiography in 5.2% of rectal
cancer surgeries; none of these patients developed AL.
The prevention of AL was also confirmed by propensity
score matching. Although we cannot draw definite con-
clusions, the rate of change in the transection line based
on the findings of ICG fluorescence angiography nearly
corresponds to the decrease in the AL rate after introduc-
ing ICG fluorescence angiography. It is quite possible that
some patients could benefit from ICG fluorescence
angiography.

The multicenter PILLAR 1II study is the largest pub-
lished prospective case series to date (n=139) [13]. It
includes patients who underwent left colon resection for
both benign and malignant disease, with anastomoses 5—
15 cm from the AV. AL occurred in 1.4% of patients. The
AL rate in the PILLAR II study was much lower than that
of our study, but our study included patients with rectal
cancer very close to the anus, and all patients had malig-
nant disease. When taking these differences into consid-
eration, we believe that the AL rate of 3.5% in our study
is sufficiently acceptable.

There are some study limitations. First, this study was per-
formed in a single institution, and it was a retrospective cohort
study. Second, the patients were not randomly assigned.
Lastly, radiological AL might have gone undetected because
contrast enema was not routinely performed at our institution.
Therefore, a multicenter prospective randomized study with a
larger sample size that also assesses radiological leakage
should be performed.

In conclusion, ICG fluorescence angiography has the po-
tential to reduce the rate of AL in laparoscopic rectal resection.
Further prospective studies are needed to confirm the useful-
ness of intraoperative ICG fluorescence angiography for re-
ducing the rate of AL.
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