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Summary
Colorectal cancer is the 3rd most common type of cancer
worldwide. The most devastating complication after
colorectal surgery remains the anastomotic leak (AL). Many
techniques have been developed to reduce its rate. One such
new method is perfusion angiography using indocyanine
green (ICG). A literary search in PUBMED on 1.03.2021 for
full-text English articles published between 2014 and 2021
was performed. ICG, colorectal cancer, and angiography
were the keywords we used. The review was performed
following the recommendations of the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses guidelines.
The literature search yielded 27 results when searching the
database of PUBMED with the above keywords. Twentyone out of 27 identified articles were included. Six were
excluded from the analysis – four case reports, one review
on the evolution of treating gastrointestinal cancers, and
one containing no information on AL rate with ICG. One
included article was RCT, sixteen were cohort studies, and
four were meta-analyses or reviews. All articles reported
a reduction in the anastomotic leak rate. However, the
reduction was significant only in nine of them. Anastomotic
leak is a severe complication and a subject of extensive
research. Perfusion angiography with ICG is a step towards
predicting and preventing AL, although it does not guarantee
success in all cases.
Keywords: anastomotic leak, ICG angiography, colorectal
cancer, minimally invasive surgery
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Colorectal cancer is the third most common type of
cancer worldwide, representing 10.2% of the newly
diagnosed cancer cases and the second cause of
cancer-related death [1]. Colorectal cancer surgery
is still a widely researched area and a topic for many
discussions. Some innovations in the field have been
introduced to tackle difficulties during surgery or
complications in the postoperative period. The most
devastating complication after colorectal surgery
remains the anastomosis leak (AL). Besides higher
morbidity and mortality, AL is also associated with
higher costs and economic impact. According to a report
on data from the Premier Perspective Data database,
AL patients’ treatment cost is nearly three times
higher than the cost of no leak patients [2,3]. There are
many risk factors for AL, such as male sex, tobacco
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use, immunosuppression, obesity, preoperative
radiotherapy, diabetes, and ischemia of the
bowel in the anastomosis area [4,5]. Adequate
bowel perfusion is mandatory for proper healing
of the tissue after a colon or rectal resection.
The blood supply of the segments determined
for anastomosis can be objectively evaluated
by performing immunofluorescent angiography
with indocyanine green (ICG). The popularity of
this method is growing, and the benefit of its use
is increasingly recognized. The technique is easy
to perform, and the results are easy to interpret.

Aim
This paper aimed to systematically review the
available data regarding the impact of perfusion
angiography with ICG on the anastomotic
leak rate after minimally invasive surgery for
colorectal cancer.

Materials and Methods
The review was performed following the
recommendations of the Preferred Reporting
Items for Systematic Reviews and MetaAnalyses (PRISMA) standard guidelines
[6check, and reanalyze individual-level data
from all studies addressing a particular research
question and are therefore considered a gold
standard approach to evidence synthesis. They
are likely to be used with increasing frequency as
current initiatives to share clinical trial data gain
momentum and may be particularly important
in reviewing controversial therapeutic areas.
OBJECTIVE: to develop PRISMA-IPD as a
stand-alone extension to the PRISMA (Preferred
Reporting Items for Systematic Reviews and
Meta-Analyses].
Protocol
A literary search in PUBMED on 1.03.2021 for
full-text English articles published from 2014
to 2021 was performed. The keywords used
for the search were ICG, colorectal cancer, and
angiography.
Eligibility criteria
The inclusion criteria for the study were full-text
papers reporting cohorts including colorectal
patients aged >18, performance of minimally
invasive procedure, use of ICG angiography

for assessing perfusion, and AL rate. Articles
reporting only individual cases were excluded.
All the researchers independently reviewed the
data.
Data extraction
We extracted data on the type of study from
the selected papers, the number of patients (n=)
included, percentage of cancer patients, ICG vs.
non-ICG AL rate, and statistically significant
difference.
Evaluation of study quality and the
risk of bias assessment
The quality of the included articles was assessed
according to the 2011 Oxford Centre for
Evidence-Based Medicine (OCEBM) levels
of evidence [7]. The bias was assessed by the
ROBINS-I tool for non-randomized studies of
interventions [8].
Endpoints
The primary endpoint of this review was to
assess whether using ICG angiography reduces
the AL rate after minimally invasive surgery
in colorectal cancer patients. The secondary
endpoint was to investigate whether this
reduction was statistically significant in the
papers reviewed.

Results
Literature search
The literature search on 1.03.2021 in PUBMED
from 2014 to 2021 found 27 results when
searching the database with ICG, colorectal
cancer, and angiography as keywords. From
the 27 identified articles, 21 were included.
Six communications were excluded from the
analysis – four case reports [9-12]GmbH & Co.
KG, Tuttlingen, Germany, one review on the
evolution of treating gastrointestinal cancers
[13], and one containing no data about AL
rate with ICG [14]during colorectal resections.
Methods: FLER analysis and visualization was
performed in 22 patients (diverticulitis n = 17;
colorectal cancer n = 5. (Figure 1)
The summary of the extracted data from the
papers included is presented in Table 1.
Most of the studies were cohort studies
that either followed up patients prospectively
or gathered information retrospectively, and
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Figure 1. Articles selection flowchart

there was only one randomized controlled trial.
Such an approach reduces to a certain extent
the quality of the data reported. The number of
included patients varied. However, most studies
reported cohorts with 100% cancer patients.
Only one study reported data with less than 50%
cancer patients in the cohort [29]tension free,
accurate tissue apposition, and minimal local
spillage. Traditionally, perfusion is measured
by assessing palpable pulses in the mesentery,
active bleeding at cut edges, and lack of tissue
discoloration. However, subjective methods
lack predictive accuracy for an anastomotic
leak. We used intraoperative indocyanine green
(ICG. The data from Table 1 shows that most
of the studies reported a reduction in AL rate
when comparing ICG and non-ICG groups with
a varying degree of 0% to 9%. Two of the four
reviewed meta-analyses reported pooled data
from the studies included. They also reported
statistical significance in the reduction of AL
rates when the ICG perfusion test was performed.
When reviewed, the two meta-analyses that did
not report pooled data still showed a reduction
in AL rates in the individual studies analyzed. In
total, eight of the studies showed that using ICG
angiography provided a statistically significant
reduction in AL rate, four reported no statistical
significance, and the rest of the studies did not
report statistical significance at all. The authors
of one of the studies, reporting no significance,
attributed the result to the limited number
126

of patients included [26)increasing in lower
anastomoses. Many etiological factors have
been evaluated and most of these are related to
bowel perfusion. Indocyanine green-enhanced
fluorangiography (ICGf. Four articles even
reported a 0% leak rate [15,19,25,31]no studies
have been published in the literature evaluating
the impact of the ICG-FA in the ERAS protocol
for the patients suitable for colorectal surgery.
The aim of our study was to assess whether the
systematic evaluation of intestinal perfusion by
ICG-FA could improve patients outcomes when
managed with ERAS perioperative protocol,
thus reducing surgical complication rate. This is
a retrospective case–control study. From March
2014 to April 2017, 182 patients underwent
laparoscopic colorectal surgery for benign and
malignant diseases. All the patients were enrolled
in ERAS protocol. Two groups were created:
Group A comprehended 107 patients managed
within the ERAS pathway only and Group B
comprehended 75 patients managed as well
as with ERAS pathway plus the intraoperative
assessment of intestinal perfusion with ICGFA. Two board-certified laparoscopic colorectal
surgeons jointly performed all procedures. Six
(5.6%. In a study of 488 colorectal cancer patients
[20], the reported AL rates were 1.8% vs. 5.3%
when comparing ICG with non-ICG patients,
which difference was statistically insignificant.
Sub-analysis was performed, and the rectal
cancer patients were separated from the colon
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Table 1. Extracted data from articles
№

Author

Type of study n=

% CP

ICG vs. non-ICG

Significance

1.
2.
3.

Brescia et al. [15]
De Nardi et al. [16]
Hasegawa et al. [17]

89
75.25
100

0% vs. 5.6%
5% vs. 9%
2.8% vs. 13.6%

Yes
No
Yes

4.

Son et al. [18]

Cohort study
RCT
Propensity
score-matched
Cohort study

100

Not reported

5.
6.

Boni et al.[19]
Ishii et al.[20]

Case-matched 42
Cohort study 488

100
100

7.

Zhang et al. [21]

Meta-analysis 6312

7% (quantitative, not
comparative)
0% vs. 5%
1,8% vs. 5.3% (all)
3.5% vs. 10.5% (rectal)
3.22% vs. 9.17%

8.
9.

Santi et al. [22]
Liu et al. [23]

38
4037

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

Lin et al. [24]
Boni et al. [25]
Bonadio et al. [26]
Benčurik et al. [27]
Carus et al. [28]
Protyniak et al. [29]
Li et al. [30]
Ris et al. [31]
Gröne et al. [32]
Wada et al. [33]

Cohort study
Systematic
review+ Metaanalysis
Meta-analysis
Cohort study
Cohort study
Cohort study
Cohort study
Case review
Meta-analysis
Cohort study
Cohort study
Cohort study

Not
reported
100
2.63% vs. 100
3.8% vs. 7.8%

3137
107
66
100
378
77
2593
30
18
149

100
90
100
100
100
44
100
83.3
100
100

Comparative
cohort study
Cohort study

284
110

20. Otero-Piñeiro et al.
[34]
21. Chang et al. [35]

182
252
852[420
after PSM)
86

No
Yes, for rectal
cancer
Yes
Not reported
Yes
Yes
Not reported
No
Yes
Not reported
Not reported
Yes
Not reported
Not reported
No

100

No pooled data
0%
6% vs. 21%
9% vs. 19%
3.7% vs 7.1%
2.6%
No pooled data
0%
6%
10.4% vs 6.9% before PSM
8.8% vs 14,7% after PSM
2.5% vs 11.3%

100

5.5%

Not reported

Yes

CP – cancer patients, ICG vs. non-ICG – AL rate in ICG vs. non-ICG patients, PSM – propensity score matching

cancer patients. A new evaluation of the AL
rate was made, and the difference in AL rate
was proved statistically significant, i.e., 3.5%
vs. 10.5%. In their cohort, Santi et al. [22)
Indocyanine Green (ICG reported one case
of anastomotic leak that occurred on the first
postoperative day because of a mechanical
problem with the stapler. In a meta-analysis
from 2020, the authors reported both a
significant reduction in AL rates and a reduction
in overall complications when performing ICG
angiography [30]. The study by Wada et al.
[33] showed an increased anastomotic leak rate
when using ICG in the initial data analysis,
with a 10.4% vs. 6.9% AL rate. However,
after propensity score matching, the statistical
analysis showed completely opposite results:
8.8% AL when performing ICG angiography vs.

14.7% without angiography.
Study quality and risk of bias
From the included articles, one was RCT; sixteen
were cohort studies, four were meta-analyses
or reviews. The studies‘ levels of evidence
according to that of OCEBM were as follows:
level one for the meta-analyses, level two for the
RCT by De Nardi P, and level three for the cohort
studies. The risk of bias was found moderate for
all articles, except for the RCT by De Nardi P
[16] and the meta-analyses, which were at low
risk of bias.

Discussion
Anastomotic leaks remain a challenge for
colorectal surgeons. Even with the use of ERAS
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protocols and many predictive factors, the leaks
cannot be wholly evaded as a complication.
The consequences of an anastomotic leak are
many and various. They are proven to result in
increased morbidity, cost of treatment, delay
in adjuvant treatment, and mortality. Patients
in stage II colorectal cancer with AL are more
than two times more likely to develop a local
or distant recurrence [36]. The use of ICG in
medicine dates back to 1959, when it was first
approved by the FDA [37]. Recently, using it
as a dye for intraoperative immunofluorescent
perfusion angiography in colorectal surgery
has gained popularity. The method allows for
an objective evaluation of the blood supply of
the resected colon and rectum and excludes the
subjective opinion of the surgeon performing
the procedure. The intraoperative assessment
of blood supply allows the surgeon to change
the transection line or the volume of surgery
if insufficient perfusion occurs and may help
to reduce the AL rate. However, using ICG
angiography does not guarantee 100% success.
Many studies show this by reporting AL rates
even after adequate perfusion of the anastomosis
is proven. According to the study of Son et
al. [18], the positive perfusion test may not be
enoughand the fluorescence intensity of colonic
flow was measured sequentially, producing
perfusion graphs using a video analysis and
modeling tool. Colon perfusion patterns were
categorized as either fast, moderate, or slow
based on their fluorescence slope, T 1/2MAX
and time ratio (TR = T 1/2MAX /T MAX . They
suggest a quantitative use of the method, i.e., the
presence of coloring from ICG is not enough.
The time needed for proving the perfusion test
positive also matters. Their results from a logistic
regression model showed that slower perfusion
is an independent factor for the development of
complications in the anastomosis area.
Another interesting result from a metaanalysis published by Zhang et al. [21] showed
that using ICG perfusion angiography reduced
the leak rate in the patients. However, when
changing the transection line, these patients
had a higher risk of AL than patients without
a resection line change. Therefore, even if we
detect an anastomosis at risk of insufficiency
because of inadequate blood supply, we are not
completely safe from complications developing
128

in the anastomosis area. Another interesting result
from the same paper was that seven studies from
western countries reported significantly higher
ileus rates in the ICG group. In contrast, three
studies from East Asia reported significantly
lower ileus rates in the ICG group.
The risk of bias was assessed to be moderate
for the papers excluding the RCT and metaanalyses, which were at low risk. However, the
literature search we performed is also a source
of bias. The keywords we used do not guarantee
that all studies were included in the review. For
example, the FLAG trial [38] and PILLAR II trial
[39]mortality, and, in cancer cases, recurrence
rates. Inadequate perfusion may contribute to
AL. The PINPOINT Endoscopic Fluorescence
Imaging System allows for intraoperative
assessment of anastomotic perfusion.\nStudy
Design This is a prospective, multicenter, openlabel, clinical trial that assessed the feasibility
and utility of FA for intraoperative perfusion
assessment during left-sided colectomy and
anterior resection at 11 centers in the United
States.\nResults A total of 147 patients were
enrolled, of whom 139 were eligible for analysis.
Diverticulitis (44% were not returned from the
search engine of PUBMED. The subjective
selection of keywords by the authors is the major
limitation of this review.
Another problem arises from the fact that
algorithms for angiography were not reported
in all the studies. On the other hand, there were
big differences in the reported algorithms.
There were neither universal dosages of ICG
used nor fixed points at which to perform the
angiography. Therefore, efforts should be
directed at standardizing the ICG perfusion test.
Even though many of the studies published
favor the benefit of ICG angiography, highquality data is missing. The amount of wellplanned and carried out RCT is too scarce. After
a number of them are carried out, systematic
reviews need to be performed to compare
outcomes and provide the data for conclusive
answers.

Conclusion
Anastomotic leak is a severe complication that
is a subject of extensive research. Perfusion
angiography with ICG is a step towards
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predicting and preventing AL. However, it
does not guarantee success in all cases. A
standard ICG angiography protocol needs to
be developed. More RCTs and well-structured
trials on the topic are needed to provide highquality data to be proven safe and beneficial
for the patients and be included in the standard
therapeutic algorithms.
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