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Abstract
Background Colorectal anastomoses in patients with colorectal cancer carry a high risk of leakage. Indocyanine green fluores-
cence angiography (ICG-FA) is a new technique that allows surgeons to assess the blood perfusion of the anastomosis during
operation. This meta-analysis aimed to evaluate whether ICG-FA could prevent anastomotic leakage (AL) in colorectal surgery.
Methods Four databases (PubMed, Embase, Web of Science, and Cochrane Library) were searched to identify suitable litera-
tures until March 2020 that compared AL rates between intraoperative use and non-use of ICG-FA in colorectal surgery for
cancer. The ReviewManager 5.3 software was used to perform the statistical analysis. Evaluation of articles quality and analysis
for publication bias were also conducted.
Results Thirteen studies of 4037 patients were included in the meta-analysis. The study included 1806 patients in the ICG group
and 2231 patients in the control group. The pooled incidence of AL in ICG group was 3.8% compared with 7.8% in control
group. There was a significant difference in AL rate with or without use of ICG-FA (OR 0.44; 95% CI 0.33–0.59; P < 0.00001).
Reoperation rates were 2.6% and 6.9% in ICG and control groups, respectively. Application of intraoperative ICG-FA was
associated with a lower risk of reoperation (OR 0.39; 95% CI 0.16–0.94; P = 0.04). Overall complication rate was 15.6% in the
ICG group compared with 21.2% in the control group. Overall complications were significantly reduced when using ICG-FA
(OR 0.62; 95% CI 0.47–0.82; P = 0.0008). Mortality rate was not statistically different with or without the use of ICG-FA (OR
1.22; 95% CI 0.20–7.30; P = 0.83).
Conclusion The results revealed that ICG-FA reduced risks of AL, reoperation, and overall complications for colorectal cancer
patients undergoing colorectal surgery. Well-designed RCTs are needed to confirm the usefulness of intraoperative ICG-FA for
preventing surgical complications like AL and reoperation.
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Introduction

Anastomotic leakage (AL) is one of the fatal surgical compli-
cations after colorectal resection for patients with cancer. The
rates of leakage were reported to be from 2 to 24% [1–4]. The
occurrence of AL leads to prolonged hospitalization, high risk
of reoperation, increased local recurrence rate and big chance
of permanent stoma, and even shorten survival time [5–7].
Despite technical advances, anastomosis is still accompanied
by high risk of leakage during colorectal surgery.

Many studies have identified a variety of risk factors for
AL. Some are unchangeable such as male sex [8, 9], body
mass index [10, 11], ASA score [12], preoperative chemother-
apy [13], and tumor diameter [14], while other factors includ-
ing anastomotic tension and poor anastomotic blood supply
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can be avoidable. Although it is difficult to determine which
factors are critical for incidence of AL, adequate blood perfu-
sion has been well-recognized as one of the key elements for
preventing AL in colorectal surgery for cancer [3, 15].

Indocyanine green fluorescence angiography has been
widely used in many surgical fields [16–18], including gas-
trointestinal surgery. ICG-FA allows the surgeon to visualize
the blood supply and avoid insufficient perfusion of the anas-
tomosis in colorectal surgery. The diluted indocyanine green
is injected into the vein system, and the signal is observed by
the fluorescence laparoscopy system. When indocyanine
green entered the observation area, fluorescence is visualized
and blood supply is dynamically observed for colorectal anas-
tomosis. Four meta-analyses [19–22] have reported that ICG-
FA is useful in preventing AL in colorectal surgery, but most
of them were not convincing because the number of included
studies and patients were limited and small. Lately, some
high-quality studies [23–28] have been published and report-
ed promising results regarding ICG-FA in prevention of AL
after colorectal surgery for cancer. Therefore, this updated
meta-analysis was performed to showwhether this technology
could decrease the surgical morbidity for patients with colo-
rectal cancer. The postoperative complications, in particular,
AL rates, were the main interest of this study.

Materials and methods

Search strategy

Databases including PubMed, Embase, Web of Science, and
Cochrane Library were searched to identify suitable literature
until March 2020 comparing AL rates in colorectal surgery
between intraoperative use and non-use of ICG-FA. A com-
bination of medical subject heading (Mesh) terms and text
words were used. And we searched with the following Mesh
words: “indocyanine green” [Mesh], “rectal neoplasms”
[Mesh], “colorectal neoplasms” [Mesh], “anastomotic leak-
age” [Mesh]. The following text words were used: “ICG,”
“rectal cancer,” “rectum neoplasms,” “neoplasm, rectum,”
“rectal tumor,” “neoplasms, rectal,” “cancer of rectum,” “rec-
tum cancer,” “colorectal carcinoma,” “colorectal cancer,” “co-
lorectal tumor,” “anastomotic leak,” and “anastomotic dehis-
cence” using the “OR” for each concept. Each concept was
combined with “AND”. The Mesh terms and text words are
shown in Table 1. No search limits were applied, and all
languages were included. The reference lists of all relevant
articles were screened to identify other potential articles.

Study selection and selection criteria

Studies were selected if (1) the patients were diagnosed as
primary colorectal cancer by endoscopic and preoperative

pathological examination, and underwent colorectal resection
with anastomosis and (2) the study included two groups: ICG-
FA group and control group. Studies were excluded if (1)
study contained patients who received Hartmann’s procedure,
Miles ’ procedure, or transanal endoscopic microsurgery; (2)
the surgical outcomes were not reported in detail; (3) it is a
single study without control group; and (4) they are data miss-
ing studies, review articles, letters, case reports, and meta-
analyses.

The identified studies were screened by DL Liu and L Liu
independently, according to the above criteria. First, studies
were screened by titles and abstract. And then the full texts of
the remaining studies were examined to decide whether they
were suitable for inclusion. Disagreements on the eligibility of
a study would result in the assessment of these studies by two
additional reviewers, ZQ Zhu and LC Liang, to reach a con-
sensus. The publication types such as review articles, letters,
case reports, meta-analyses, and studies lacking necessary da-
ta were also excluded.

Data extraction

From each study, the following descriptive information was
extracted: publication year, country where the study was con-
ducted, study design, type of operation, cancer type, tumor
distance from the anal verge, ICG dose, ICG imaging system,
number of patients, basic information of patients, and the total
number of AL and AL rate. DLL and LCL independently
extracted all these available data. We defined the primary
outcome as the rate of AL and the secondary outcome was
re-operation rate.

Assessment of the quality

Qualities of the selected studies were assessed according to the
Newcastle-Ottawa scale. Four domains were covered includ-
ing the quality of patient selection, ascertainment of exposure,
comparability of groups, and outcomes of patients. The total
NOS score ranges from 0 to 9, and a score of ≥ 6 indicates
high quality. Quality assessment was executed by two authors,
and any disagreement was resolved through discussion.

Statistical analysis

Meta-analysis was performed using the RevMan 5.3 software
provided by Cochrane Collaboration Network. The odds ra-
tios (OR) with 95% confidence intervals were used to calcu-
late the total effect. Heterogeneity among the studies was
assessed using χ2 and I2 statistics. When there is statistical
heterogeneity between pooled studies (I2 > 40%), the random
effect model should be used; otherwise, a fixed effect model
should be used for analysis. Statistical significance was at P ≤
0.05. Subgroup and sensitivity analyses were conducted to
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explore heterogeneity, and publication bias was assessed
using funnel plots, if necessary.

Results

Study selection

A total of 248 potentially eligible studies were identified and
reviewed. After the exclusion of duplicates, 195 publications
remained. Then 137 studies were excluded through reviewing
title or abstract because they did not meet the inclusion
criteria. Of the remaining 58 articles, 45 studies were excluded
after full-text review. Finally, thirteen studies were included
[23–35]. The process of systematic literature searching and
eligible study selection is shown in Fig. 1.

Study characteristics

Thirteen studies included a total of 4037 patients in this study.
The patients of four studies were Japanese, three were
American, two studies were Korean, and other four studies
were conducted in Italy, Czech Republic, Germany, and
Russia, respectively. Ten of the included studies were retro-
spective, while three were prospective studies. We summa-
rized the characteristics of each eligible study in Table 2, in-
cluding publication year, country where study was conducted,
study design, type of operation, ICG dose, the number of
patients, basic information of patients, and the total number
of AL and AL rate. The cancer type and tumor distance from
the anal verge of the studies are summarized in the
Supplementary Table 2.

Outcome assessment

This meta-analysis included 1806 patients in the ICG group
and 2231 patients in the control group. Overall AL rate was
6.0%. The pooled incidence of AL in the ICG group was 3.8%
compared with 7.8% in the control group. Results of

combined analysis indicated that the use of intraoperative
ICG-FA contributed to the decreased risk of AL after colorec-
tal surgery (OR 0.44; 95%CI 0.33–0.59; P < 0.00001; Fig. 2).
Then, we conducted subgroup analysis based on retrospective
or prospective studies. Both ICG groups had significant lower
AL rate compared with the control group’s incidence of AL
(OR 0.44; 95% CI 0.31–0.63; P < 0.00001; OR 0.48; 95% CI
0.30–0.77; P = 0.002; Fig. 2). Particularly, among the eight
studies concerned with rectal cancer, ICG group had a lower
AL rate compared with the control group (OR 0.31; 95% CI
0.19–0.49; P < 0.00001; Fig. 3). Four studies [27–30] were
included for analysis of reoperation risk. Figure 4 shows that
the reoperation rates were 2.6% and 6.9% in the ICG and
control groups, respectively. Result clearly showed that appli-
cation of intraoperative ICG-FA was associated with lower
reoperation rate after colorectal surgery (OR 0.39; 95% CI
0.16–0.94; P = 0.04; Fig. 4). Six studies [25–27, 31, 32, 35]
reported overall complications after colorectal surgery. The
rates were 15.6% in the ICG group compared with 21.2% in
the control group. Overall complications were significantly
reduced when using ICG-FA during colorectal surgery (OR
0.62; 95% CI 0.47–0.82; P = 0.0008; Fig. 4). In contrast,
mortality rate was not statistically different with or without
using ICG-FA during colorectal surgery (OR 1.22; 95% CI
0.20–7.30; P = 0.83; Fig. 4).

Quality/publication bias assessment

Quality assessment of the included studies is presented in
Table 3. All studies were judged to be of high quality. A
funnel plot (Fig. 5) was generated to assess publication bias.
We found that the pooled studies were nearly symmetrical and
there was no evidence of significant bias in this meta-analysis.

Discussion

Indocyanine green was firstly reported as a tool to assess he-
patic function in the late 1950s [36]. Until now, ICG-FA has

Table 1 PubMed search
Subject Search terms

ICG “indocyanine green” [Mesh] OR “ICG” [Text Word]

Rectal cancer “rectal neoplasms” [MeSH Terms] OR “rectal cancer”
[Text Word] or “rectum neoplasms” [Text Word] or “
neoplasm, rectum” [Text Word] or “rectal tumor”
[Text Word] or “neoplasms, rectal” [Text Word] or
“cancer of rectum” [Text Word] or “rectum cancer”
[Text Word]

Colorectal cancer “colorectal neoplasms”[MeSH Terms] OR “colorectal
carcinoma” [Text Word] or “colorectal cancer”
[Text Word] or “colorectal tumor” [Text Word]
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been used in colorectal surgery, and brings huge benefit to
observe anastomotic blood supply. From the published re-
search, the application of ICG-FA in surgery for colorectal
cancer is still in the primary stage [20], and there are no stan-
dards and specifications for the dose, injection site, and obser-
vation time of ICG. Among the 13 included studies, the intra-
venous dose of ICG is greatly different. The doses adopted in
the included studies were 0.2 mg/kg and 0.25 mg/kg, respec-
tively, or varied from 5 to 10 mg. Dinallo et al. [23] adminis-
tered a bolus of 2 ml of ICG, while Kin et al. [33] injected 3 ml
of ICG before creating the anastomosis. And in the study of

Mizrahi et al. [35], 3.5 ml of ICG followed by a 10-ml flush of
sterile NS which was injected into a peripheral vein. Moreover,
the time to perform ICG-FA is also controversial. In the most
included studies, ICG fluorescence was intravenously injected
immediately before completion of colorectal mobilization and
anastomosis. However, Kim [31] and Skrovina et al. [26] used
ICG fluorescence after anastomosis formation.

To date, a variety of techniques have been developed to
evaluate intestinal blood perfusion, such as tissue oxygen ten-
sion, oxygen spectroscopy, and laser Doppler flowmeter.
However, these technologies could not be widely clinically

Fig. 1 Flow diagram of the study
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used because of the price of equipment, technical complexity,
and inconsistent results [37, 38]. In particular, Doppler

ultrasound provides limited information [39] and can even
produce inaccurate Doppler signals from the pulsations in

Fig. 2 Forest plot showing odds ratio and risk ratio in AL in the ICG group versus the control group. aAll the included studies. b Retrospective study. c
Prospective study
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Fig. 4 Forest plot showing odds ratio in the ICG group versus the control group. a Overall complications. b Re-operation. c Mortality

Fig. 3 Forest plot showing odds ratio in AL after rectal cancer surgery in the ICG group versus the control group
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the occluded vessels [40]. Due to clinically application of
fluorescent laparoscopy, indocyanine green is recognized as
a potential tool to real-time monitor blood supply of colorectal
anastomosis and reduce risk of AL for patients with colorectal
cancer. However, ICG-FA has certain limitations. The assess-
ment may be influenced by several patient-related factors,
including blood pressure, and body mass index, and also in-
fluenced by ICG technique–related factors including dosage
and observation time. In addition, fluorescence intensity of
ICG-FA was judged by surgeons subjectively in many pub-
lished studies. The results were not reliable because the signal
might be affected by the characteristics and reliability of the
camera system and video shooting conditions. None of lapa-
roscopic ICG fluorescence system could be used to quantify
fluorescence signals until now. Some researchers tried to
quantify the intensity of ICG fluorescence and correlate it with
the adequate blood perfusion of colorectal anastomosis after
surgery [41, 42].

First, this meta-analysis showed that intraoperative use of
ICG-FA was an effective approach to visualize blood supply
and, hence, decreased the risk of AL in colorectal resection.
The overall AL rate was 6.0%; the intraoperative injection of
ICG-FA decreased AL rate by 4% (from 7.8% for control
group to 3.8% for ICG-FA group) after colorectal surgery
(OR 0.44; 95% CI 0.33–0.59; P < 0.00001; Fig. 2). The result
was in line with published meta-analyses [20, 43], which also
reported that ICG-FA contributed to decreased risk of AL after
colorectal resection for patients with colorectal cancer.
Among the included studies, five studies [24, 25, 28, 31, 32]
showed that the AL rate was significantly lower in the ICG
group than that in the control group. However, other seven
studies [23, 26, 27, 29, 30, 34, 35] reported that AL rates were
not statistically different between patients with use or non-use
of ICG-FA. We noticed that sample sizes of these seven stud-
ies were relatively small. Alekseev et al. [32] reported that
ICG-FA did not decrease AL rate of high (at 9–15 cm from
anal verge) anastomoses, while a decrease in AL rate was
observed for low (4–8 cm) anastomoses. The authors conclud-
ed that significant reduced risk of AL was found in patients
undergoing low rectal anastomoses. Kin et al. [33] was the
only one that found there was no reduction in the incidence of
AL when using ICG-FA in colorectal surgery because of se-
lection bias and small sample size.

In order to obtain more reliable results, included studies were
divided into two groups, prospective or retrospective studies,
for subgroup analysis. Unsurprisingly, ICG-FA contributed to
decreased risk of AL when compared with control group upon
both prospective and retrospective studies (Fig. 2), which indi-
cated the reliability of our study. In addition, subgroup analysis
was conducted to precisely assess risk of AL for rectal cancer.
The result showed that the use of intraoperative ICG-FA was
also associated with significantly lower incidence of AL in rec-
tal cancer surgery (OR 0.31; 95% CI 0.19–0.49; P < 0.00001;
Fig. 3). Due to few studies available, we did not conduct sub-
group analysis for colonic resection; therefore, high-quality
studies were required in the future. Furthermore, the authors
of several studies have commercial associations that might in-
fluence the work (Supplementary Table 1). To minimize poten-
tial bias, studies were included only if the authors declared that
they had no conflict of interest. Among these eight studies, AL
risk was significantly reduced when using ICG-FA (OR 0.60;
95% CI 0.43–0.82; P = 0.001; Supplementary Figure 1).

Second, the effectiveness of ICG-FA is reflected by the
high frequency of modifications or changes of the original
surgical plan. Clinical judgment is still considered to be the
most important element for surgeons to avoid colorectal AL.
Usually, intestinal perfusion is only roughly estimated by the
surgeons, using indicators such as mesenteric tissue color or
palpable pulsation. However, inadequate tactile and direct vi-
sual feedback in laparoscopic surgery may affect the sur-
geon’s judgment. Dinallo et al. [23] found that more

Table 3 Quality assessment of the observational studies based on the
Newcastle–Ottawa scale

Study Selection Comparability Outcome Total
score

1 2 3 4 1 1 2 3

Jafari et al. [22] 1 1 1 1 1 1 1 1 8

Kim et al. [23] 1 1 1 1 2 1 1 1 9

Boni et al. [19] 1 1 1 1 2 1 0 0 7

Wada et al. [25] 1 1 1 1 2 1 0 0 7

Ishii et al. [21] 1 1 1 1 2 0 0 0 6

Skrovina et al. [24] 1 1 1 1 2 0 0 0 6

Watanabe et al. [26] 1 1 1 1 2 1 1 1 9

Hasegawa et al. [20] 1 1 1 1 2 1 0 0 7

Alekseev et al. [27] 1 1 1 1 2 1 1 1 9

Dinallo et al. [28] 1 1 1 1 2 1 0 0 7

Kin et al. [29] 1 1 1 1 2 1 1 1 9

Kudszus et al. [30] 1 1 1 1 2 1 0 0 7

Mizrahi et al. [31] 1 1 1 1 2 1 0 0 7

Fig. 5 Funnel plot diagram
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significant alterations were made to the planned anastomotic
site in the ICG-FA group and using ICG-FA led to a change in
the surgical plan in 5.6%. And Kudszus et al. [34] reported a
change in 14% of patients by ICG-FA. In a recent systematic
review, Blanco-Colino et al. [44] report a correction rate of
7.4% for the planned resection line in 555 patients who
underwent colorectal surgery with intraoperative fluorescence
angiography using ICG. These findings were proved by Jafari
et al. [30] who reported a change in 19% of cases in the
proximal margin of resection, leading to reduce of AL rate
by more than a half overall (60–65%). The use of ICG-FA
allows for intraoperative evaluation of bowel perfusion and
was used to guarantee a reliable anastomosis.

Third, our results suggested that intraoperative use of ICG-
FA could potentially decrease risk of complications and im-
prove the surgical outcomes of colorectal cancer surgery.
Figure 4 shows that the reoperation rates were 2.6% and
6.9% in the ICG group and the control group, respectively. It
was found that the application of intraoperative ICG-FA was
associatedwith lower reoperation rate after AR for rectal cancer
(OR 0.39; 95% CI 0.16–0.94; P = 0.04; Fig. 4). A meta-
analysis by Shen [22] reported that the reoperation rates were
0.74% and 4.80% in the ICG and control groups, and the work
they did was consistent with our results. Six studies reported
overall complications after colorectal surgery. The rate was
15.6% in the ICG group compared with 21.2% in the control
group, with statistical significance (OR 0.62; 95% CI 0.47–
0.82; P = 0.0008; Fig. 4). Seven studies reported the mortality
rate, and there were four deaths in two studies [23, 35]. All
deaths occurred in the control group, and mortality rate was
not statistically different with or without the use of ICG-FA
(OR 1.22; 95% CI 0.20–7.30; P = 0.83; Fig. 4). Given the
evidence mentioned above, ICG-FA seems to be a valuable
method for prevention of colorectal AL and overall complica-
tions in colorectal resection for patients with colorectal cancer.

However, there were some limitations for this meta-analysis.
First, one of the limitations was the lack of RCTs. Thirteen
studies published untilMarch 2020were included in this review,
and ten of them were retrospective studies while three were
prospective studies. High-quality RCTs are needed to verify
the results of this meta-analysis. Second, the administered dos-
age of intraoperative ICG was different, and whether the differ-
ent doses would influence the findings needs to be illustrated.
Third, long-term outcomes were not observed in all included
studies. Future studies are required to extend the follow-up time
and to explore the impact of ICG-FA on long-term prognosis.

Conclusion

In summary, based on this study, we concluded that ICG-FA
could lower the risk of AL rate and decrease the probability of
reoperation in patients after colorectal resection for cancer.

Follow-up studies and well-designed RCTs were needed to
confirm the usefulness of intraoperative ICG-FA for
preventing surgical morbidity.
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