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Abstract
Background Fluorescence imaging by means of Indocyanine green (ICG) has been applied to intraoperatively determine the 
perfusion of the anastomosis. The purpose of this Individual Participant Database meta-analysis was to assess the effective-
ness in decreasing the incidence of anastomotic leak (AL) after rectal cancer surgery.
Methods We searched PubMed, Embase, Cochrane Library and ClinicalTrial.gov, EU Clinical Trials and ISRCTN registries 
on September 1st, 2019. We considered eligible those studies comparing the assessment of anastomotic perfusion during 
rectal cancer surgery by intraoperative use of ICG fluorescence compared with standard practice. We defined as primary 
outcome the incidence of AL at 30 days after surgery. The studies were assessed for quality by means of the ROBINS-I 
and the Cochrane risk tools. We calculated odds ratios (ORs) using the Individual patient data analysis, restricted to rectal 
lesions, according to original treatment allocation.
Results The review of the literature and international registries produced 15 published studies and 5 ongoing trials, for 9 
of which the authors accepted to share individual participant data. 314 patients from two randomized trials, 452 from three 
prospective series and 564 from 4 non-randomized studies were included. Fluorescence imaging significantly reduced the 
incidence of AL (OR 0.341; 95% CI 0.220–0.530; p < 0.001), independent of age, gender, BMI, tumour and anastomotic 
distance from the anal verge and neoadjuvant therapy. Also, overall morbidity and reintervention rate were positively influ-
enced by the use of ICG.
Conclusions The incidence of AL may be reduced when ICG fluorescence imaging is used to assess the perfusion of a 
colorectal anastomosis. Limitations relate to the consistent number of non-randomized studies included and their heteroge-
neity in defining and assessing AL. Ongoing large randomized studies will help to determine the exact role of routine ICG 
fluorescence imaging may decrease the incidence of AL in surgery for rectal cancer.

Keyword Anastomotic leak · Rectal surgery · Indocyanine green · Fluorescence imaging · Rectal cancer

The leak of a colorectal or coloanal anastomosis is one of the 
most dreaded complications after rectal surgery, being asso-
ciated with increased mortality and morbidity [1], as well as 
poor oncologic outcome [2]. Different from intraperitoneal 
anastomotic leak, the risk of a definitive stoma due to impos-
sible rescue of the anastomosis or impaired bowel function 
are relevant and dramatically affect quality of life.

A high variability in studies reporting anastomotic leak 
(AL) is a consequence of the lack of a standardized defini-
tion [3]. In rectal surgery the incidence of AL is reported 
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up to 19% [3, 4]. In the REAL score database, collecting 26 
different series for a total of 9735 cases, the occurrence of 
AL after surgery for rectal cancer was 9.7% [5]. Not surpris-
ingly, the Association of Coloproctology of Great Britain 
and Ireland (ACPGBI) sets new techniques to reduce AL as 
a research priority [6].

Many different factors have been considered influencing 
the risk of AL, including gender, age, comorbidities, Ameri-
can Society of Anaesthesiologists (ASA) score, obesity and 
malnutrition, tobacco, immunosuppression, alcohol abuse, 
preoperative chemotherapy and radiotherapy, advanced 
tumour stage, low anastomoses and operative time [7], but 
adequate perfusion of the anastomosis is surely essential for 
optimal healing and AL prevention [8, 9]. Therefore, it is 
likely that intraoperative assessment of bowel ischemia and 
manoeuvres to optimize anastomotic perfusion may reduce 
the event of AL.

Recently, the introduction of fluorescence imaging tech-
nology seems to cover the need for a reliable intraoperative 
predictive test to be used for large bowel resections. Previous 
studies and meta-analysis showed a potential benefit espe-
cially in reducing anastomotic leak in rectal cancer surgery 
[10]. Nevertheless, most of those studies were either under-
powered or did not take into sufficient consideration possible 
confounding factors.

The aim of the present study was to perform a system-
atic review of the literature available on this topic, including 
RCTs, prospective cohort studies, prospective and retrospec-
tive case–control studies, to structure an Individual Partici-
pant Data (IPD) database for an objective analysis of inci-
dence of AL comparing the use of Indocyanine Green (ICG) 
fluorescence imaging with standard practice in patients 
undergoing rectal cancer surgery.

Materials and methods

An IPD meta-analysis (IPD-MA) of studies published up to 
September 1st, 2019, comparing ICG fluorescence to a con-
trol group in rectal cancer surgery was performed. The FLU-
REAL (FLUorescence to prevent REctal Anastomotic Leak) 
study was registered with PROSPERO (CRD42019121390). 
We reviewed the literature systematically following the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses of IPD checklist (PRISMA-IPD) guidelines [11].

Search strategy

We searched systematically Embase, PubMed and Cochrane 
Library electronic databases up to September 1st, 2019. The 
search strings are indicated in Online Appendix 1.

Inclusion and exclusion criteria

We selected all studies comparing the intraoperative use 
of ICG fluorescence imaging with standard practice for 
assessment of perfusion of the anastomosis after trans-
abdominal rectal cancer surgery on human patients, 
regardless of the operative approach. The incidence of AL 
at 30 days after surgery represented the primary outcome. 
RCTs, prospective cohort studies, prospective and retro-
spective case–control studies were searched. Articles not 
mentioning anastomotic leak after rectal cancer surgery, 
overlapping studies, case reports, case series with less than 
20 patients treated for rectal cancer, reviews, consensus 
statements and opinion articles were excluded. Articles 
not published in English were also excluded.

Study selection and data extraction

Two reviewers (MAB, NV) performed the search indepen-
dently; a third author (AA) arbitrated any disagreements 
weather to include or exclude selected studies. Studies 
and results were input into a standardized database, while 
duplicates removed. We searched manually the reference 
lists of the included studies. Only the data of patients who 
had undergone rectal cancer surgery followed by an anas-
tomosis were included. Figure 1 illustrates a flowchart of 
the extraction process.

All the authors of the eligible studies deemed suitable 
were contacted up to four times by e-mail; an electronic 
spreadsheet was sent praying to complete it with their data 
in an anonymous way. All the data in spreadsheet format 
returned were merged into a single database for analysis. 
In five cases authors did not reply [12–16], while in a sixth 
[17] the local policy required IRB which was not received 
in time.

Outcomes of interest

Outcomes of interest were chosen by the proposing inves-
tigators based on the related literature. Primary outcome 
was the incidence of AL at 30 days after surgery. Data 
regarding how intraoperative leak tests were performed, 
how the anastomosis was treated in case of failure (suture 
or redone) and the ways to assess postoperatively a pos-
sible anastomotic leak were recorded.

Secondary outcomes were morbidity, defined as any 
kind of complication, reintervention, defined as the occur-
rence of any second or subsequent surgical procedure, both 
within 60 days from the index surgery and hospital stay, 
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defined as the length of the inpatient stay calculated from 
the day of admission and the day of discharge.

Subgroup analyses were planned for gender, 
age > 65 years, body mass index (BMI) ≥ 25 kg/m2, tumour 
distance ≤ 6 cm from anal verge, anastomotic distance ≤ 6 cm 
from anal verge and preoperative radiotherapy (RT) and/or 
chemotherapy (CT).

We also collected data for preoperative characteristics 
of patients such as cardiovascular diseases, steroid therapy, 
tobacco use and intraoperative characteristics of patients 
such as operative time, type of anastomosis, protective 
stoma, pT, pN, pM and stage, in order to verify symmetry.

Quality assessment

All studies fulfilling the selection criteria for this review 
were assessed for methodological quality and risk of bias. 
Table 1 shows individual scores of quality assessment items 
per study, assessed using ROBINS-I tool [18] and Cochrane 

risk tool [19]. As most of the series included data of colonic 
and rectal lesions in a way that could not be distinguished, 
a specific enquiry was sent to authors asking to restrict to 
rectal lesions only the data provided in the database of their 
published series.

Statistical analyses

All analyses were performed according to original treatment 
allocation (intention-to-treat analysis). The categorical vari-
ables were described as absolute/relative frequencies while 
the continuous ones as the median and interquartile range 
(IQR). The association between any categorical risk fac-
tor and AL occurrence was analysed using Fisher’s exact 
test; the Mann–Whitney test was used for continuous pre-
dictors. A whole series of univariate binary logistic models 
was used to estimate the potential role on AL occurrence 
(dependent variable) of every risk factor (independent vari-
ables). All reported P-values were obtained by the two-sided 

Fig. 1  PRISMA flowchart of 
study selection process
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exact method at the conventional 5% significance level. Data 
analysis was performed as of October 2019 by using R 3.6.1 
(R Foundation for Statistical Computing, Vienna-A, https ://
www.R-proje ct.org).

Ongoing trials

Ongoing trials were assessed searching ClinicalTrial.gov 
register, EU Clinical Trials Register and the UK ISRCTN 
Registry for the terms “indocyanine” OR “fluorescence” 
AND “rect*”. Only studies dealing with the issue of anasto-
motic perfusion were selected.

Results

Study selection

Figure 1 presents the results of literature search and selec-
tion process of eligible studies in a PRISMA flow diagram 
format. We identified 947 studies and 7 registered protocols 
of studies [20–26]. The full text of 15 published studies was 
selected [12–17, 27–35] to which the protocol of 5 eligible 
ongoing trials was added [20–22, 25, 26].

We received reply from 9 different authors of the 20 con-
tacted. The analysis included two randomized trial [26, 35] 
and seven non-randomized studies [20, 27–30, 33, 34], two 
of them being multicentric [20, 26].

Study characteristics

A four hundred and fourteen patients from two randomized 
trials, 452 patients from three prospective series and 564 
from 4 non-prospective studies were included, for a total 

of 1330 patients. The analysis included 862 individuals in 
the ICG group and 468 in the control group. The sample 
size within the different studies ranged from 25 to 422 
patients. Table 2 reports differences in AL definitions.

Four of the included studies were retrospective [27–29, 
34], and all were single-centre studies, except one which 
included patients recruited at 3 different centres [34]. 
Three studies are prospective [20, 30, 33], one of them 
include patients recruited at 3 different centres [33]. One 
study is a monocentric RCT [26] and one a multicentric 
RCT [35]. Two studies [28, 29] included individuals 
undergoing robotic rectal resections. The evaluation of 
the risk of bias in non-randomized studies (ROBINS-I) 
reported in all the studies a moderate risk [18].

Characteristics of patients are reported in Table 3.
Pooled trials were comparable for gender, BMI, cardio-

vascular disease, steroid therapy, tobacco use, pT and pN 
stage, neoadjuvant therapy. Median tumour distance from 
the anal verge was 9 cm (7–13 cm) in the ICG group and 
10 cm (7–13 cm) in the control group (p = 0.374). Median 
anastomotic distance was 6 cm (4–9 cm) in the ICG group 
and 6 cm (4–9 cm) in the control group (p = 0.711). The 
anastomosis was redone in 13 cases (2.0%) in the ICG 
group and in 1 case (0.2%) in the control group (p = 0.011). 
A protective stoma was performed in 405 cases (47.0%) 
in the ICG group and in 261 cases (55.8%) in the con-
trol group (p = 0.003). Median operative time was 216 
(172–281) min in the ICG group and 190 (158–257) min 
in the control group (p < 0.001). Median hospital stay was 
7 (6–10) days in the ICG group and 8 (7–13) days in the 
control group (p < 0.001). A reintervention was neces-
sary in 25 cases (2.9%) in the ICG group and in 29 cases 
(6.2%) in the control group (p = 0.005). A readmission was 

Table 1  ROBINS-I tool (Stage II) for non-RCT studies and Cochrane risk tool for RCT trials

Confounding Selection of 
participants

Classification of 
interventions

Deviations from 
intended inter-
ventions

Missing data Measurement 
of outcomes

Bias in selection 
of reported result

Boni et al. [27] Moderate Low Low Low Low Low Low
Ciarleglio et al. 

[28]
Unclear Unclear Low Low Low Low Unclear

Jafari et al. [29] Moderate Low Low Low Low Low Low
Keller et al. [30] Unclear Low Low Low Low Low Low
Ris et al. [33] Moderate Low Low Low Low Low Low
Watanabe et al. 

[34]
Moderate Low Low Low Low Low Low

Random 
sequence genera-
tion

Allocation con-
cealment

Performance 
bias

Detection bias Attrition bias Reporting bias Other bias

De Nardi et al. 
[35]

Low Low Low Moderate Low Low Unclear

https://www.R-project.org
https://www.R-project.org
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necessary in 35 cases (4.1%) in the ICG group and in 12 
cases (2.6%) in the control group (p = 0.166).

Primary outcome assessment

Primary outcome was the incidence of AL at 30 days after 
surgery. The surgeon varied the site of anastomosis after 
injection of ICG and observation of hypoperfusion in 11.3% 
(4–23%) of the procedures, while performed a new anasto-
mosis in 13 of the 649 cases in the ICG group (2.0%).

The overall incidence of AL was 6.7%. The assessment of 
ICG perfusion resulted in an 89.7% reduction in the odds of 
AL (OR 0.341; 95% CI 0.220–0.530; p < 0.001) (Table 4), 
and a lower incidence of AL compared with control group 
(4.2% vs 11.3%, respectively).

Table 2  Definitions of AL in included studies

AL anastomotic leak, CT computed tomography, N/A not available

Study AL definition

Boni et al. [27] Clinically suspected AL was confirmed by routine CT scan plus water-soluble contrast enemas
Ciarleglio et al. [28] N/A
De Nardi et al. [35] Defect of the intestinal wall at the anastomotic site leading to a communication between the 

intra- and extra-luminal compartments. AL severity was graded as A, B or C, according to 
the impact on clinical management, as proposed by the International Study Group of Rectal 
Cancer

Foo et al. [20] N/A
Jafari et al. [29] Any disruption of the anastomosis visualized by contrast enema study or endoscopy
Keller et al. [30] N/A
Ris et al. [33] Clinically suspected AL was confirmed by routine CT scan plus water-soluble contrast enemas
Rybakow et al. [26] Defect of the intestinal wall at the anastomotic site leading to a communication between the 

intra- and extra-luminal compartments. AL severity was graded as A, B or C, according to 
the impact on clinical management, as proposed by the International Study Group of Rectal 
Cancer

Watanabe et al. [34] Based on clinic and blood tests

Table 3  Characteristics of the participants included

* 21 missing, ICG indocyanine green, BMI body mass index

All patients ICG + (%) ICG- (%) p value

Age ≥ 65 631 406 (64%) 225 (36%) 0.774
Sex ratio (F:M) 529:780* 328:513* 201:267 0.177
BMI ≥ 25 693 450 (65%) 243 (35%) 0.242
pT3-4 658 380 (58%) 278 (42%) 0.898
Neoadjuvant chemo-

therapy
351 232 (66%) 119 (34%) 0.602

Neoadjuvant radio-
therapy

269 196 (73%) 73 (27%) 0.002

Table 4  Anastomotic leak and 
rates divided by included study

* Radio or chemotherapy, AL anastomotic leak, OR odds ratio, CI confidence interval, ICG indocyanine 
green, BMI body mass index, N/A Not available

Study AL ICG + 
n/tot ICG + (%)

AL ICG-
n/tot ICG- (%)

OR [95% CI] p value

Boni et al. [13] 0/42 (0%) 2/38 (5.3%) 0.95 [0.88–1.02] 0.22
Ciarleglio et al. [14] 2/13 (15.4%) 4/12 (33.3%) 0.36 [0.05–2.50] 0.38
De Nardi et al. [15] 4/56 (7.1%) 7/53 (13.2%) 0.051 [0.14–1.84] 0.352
Foo et al. [16] 6/110 (5.5%) 0 N/A N/A
Jafari et al. [16] 1/15 (6.7%) 5/22 (22.7%) 0.24 [0.03–2.32] 0.37
Keller et al. [16] 0/27 (0%) 0/27 (0%) N/A N/A
Ris et al. [25] 5/288 (1.7%) 0 N/A N/A
Rybakov et al. [25] 8/100 (8.0%) 13/105 (12.4%) 0.62 (0.24–1.56) 0.36
Watanabe et al. [26] 10/211 (4.7%) 22/211 (10.4%) 0.43 [0.20–0.93] 0.04
Total 36/862 (4.2%) 53/468 (11.3%) 0.34 [0.22–0.53]  < 0.001
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Subgroup analyses

Subgroup analysis is detailed in Table 5. ICG perfusion 
assessment resulted in a 72.5% reduction in the odds of AL 
among male gender patients (p = 0.001), an 83.3% reduction 
in patients ≥ 65 years old (p = 0.004), a 95.6% reduction in 
patients with BMI ≥ 25 kg/m2 (p < 0.001), a 71.4% reduc-
tion in patients with tumour distance ≤ 6 cm from the anal 
verge (p = 0.074), a 71.9% reduction in patients with anasto-
motic distance ≤ 6 cm from the anal verge (p = 0.004) and a 
72.1% reduction in patients who had undergone neoadjuvant 
therapy (p = 0.059).

Secondary outcomes

The overall incidence of short-term morbidity, assessed 
including 862 patients in the ICG group and 468 patients in 
the control group, was 26.1%. The assessment of tissue per-
fusion by means of ICG resulted in a 32.1% reduction in the 
odds of AL (OR 0.638; 95% CI 0.497–0.821; p = 0.001), and 
a lower morbidity rate compared with control group (23.0% 
vs 31.8%, respectively). On the same dataset the incidence of 
reintervention was 4.1%. The assessment of tissue perfusion 
by means of ICG resulted in a 72.5% reduction in the odds of 
AL (OR 0.452; 95% CI 0.262–0.782; p = 0.005), and a lower 
reintervention rate compared with the control group (2.9% 
vs 6.2%, respectively).

The median hospital stay, assessed including 846 patients 
in the ICG group and 465 patients in the control group, 
was 7 (6–10) days in the ICG group and 8 (7–13) days in 
the control group (p < 0.001). Considering a threshold of 
less than 8 days of hospital stay the ICG perfusion group 
shows a shorter hospital stay in comparison with control 
group, although this difference is not statistically signifi-
cative (96.8% vs 94.8%, respectively; OR 0.606; 95% CI 
0.345–1.063; p = 0.1).

Ongoing trials

We found 7 ongoing RCTs searching ClinicalTrial.gov 
register, EU Clinical Trials Register and the UK ISRCTN 
Registry. Table 6 reports characteristics of the identified tri-
als. The incidence of AL is the primary outcome in all the 
studies.

Discussion

The current systematic review and IPD analysis show that 
when used intraoperatively the imaging provided by ICG 
fluorescence has the potential to reduce the risk of AL in 
surgery for cancer of the rectum. However, the interpretation 
of these results should take into account the bias deriving 
by a vast majority of non-randomized studies among those 
included in the analysis.

Numerous investigations have evaluated the application 
of ICG fluorescence in colorectal surgery, but the majority of 
them consist of small sample series. Recently, a multicentre 
retrospective study [34] and finally a prospective multicentre 
study [33] and a randomized multicentre study [27] have 
appeared in the literature. We thought this could be a con-
fusing situation, masking the differences between the groups 
and preventing the analysis of the subgroups. Therefore, we 
opted for an IPD meta-analysis project in order to look for 
differences even in groups of subsets.

ICG fluorescence appears to be an important aid in iden-
tifying hypoperfusion of colon segments in the anastomosis, 
thus suggesting a variation in the surgical program, broad-
ening the margins of resection or indicating the need for 
revision and/or new anastomosis. A change in the expected 
level of anastomosis was decided at 11.3% (4–23%), in line 
with the decrease in the incidence of AL reported in the 
ICG group.

Table 5  Risk factors for 
anastomotic leak and rates 
divided by groups

* Radio or chemotherapy, AL anastomotic leak, OR odds ratio, CI confidence interval, ICG indocyanine 
green, BMI body mass index

AL ICG + 
n/tot (%)

AL ICG-
n/tot (%)

OR [95% CI] p value

Males 33/513 (6.4%) 37/267 (13.9%) 0.43 [0.26–0.71] 0.001
Age ≥ 65y.o 17/406 (4.2%) 23/225 (10.2%) 0.38 [0.20–0.74] 0.004
BMI ≥ 25 kg/m2 19/450 (4.2%) 29/243 (11.9%) 0.33 [0.18–0.59]  < 0.001
Tumour distance ≤ 6 cm 

from the anal verge
10/124 (8.1%) 14/82 (17.1%) 0.43 [0.18–1.01] 0.074

Anastomotic dis-
tance ≤ 6 cm from the 
anal verge

21/282 (7.4%) 34/216 (15.7%) 0.43 [0.24–0.77] 0.004

Neoadjuvant therapy* 14/196 (7.1%) 11/73 (15.1%) 0.43 [0.19–1.02] 0.059
All patients 36/862 (4.2%) 53/468 (11.3%) 0.34 [0.22–0.53]  < 0.001
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The possibility of verifying from patient to patient the 
composition of the groups allows to draw some conclusions 
on the real symmetry of the two groups. For instance, we 
could notice that the groups are symmetric for distance of 
anastomosis from the anal verge, while there is a lower inci-
dence of protective stomas in the ICG group. Furthermore, 
we could perform analyses of large subgroups that allow us 
to conclude that the use of ICG is important regardless of 
gender, age, BMI and anastomotic distance from the anal 
verge.

We recognize the limitations of this work. We assessed 
the quality of the studies by means of the ROBINS-I tool 
[18], resulting all in a moderate risk of bias. Furthermore, 
all but five studies were retrospective [27, 29, 31, 32, 34] 
and in all these studies, data related to the use of ICG and 
those representing the control group were collected in dif-
ferent timeframes. In addition, it should be considered the 
risk of publication bias in trials investigating, whether fluo-
rescence imaging has a role on the incidence of AL. Fur-
ther limitations, such as the non-unique definition of AL 
and how to assess it, both radiologically and clinically, as 
well as differences in surgical procedure and employment of 
the ICG should also be considered. ICG fluorescence was 
injected before the anastomosis was formed in all the stud-
ies included, except the one by Kudszus et al. [32]. How-
ever, the variations in the way to use it may have played a 
role in the modification of the surgical program. Kim et al., 
Rosati et al., Ris et al., Watanabe et al. and Boni et al. [12, 
27, 33–35], evaluated the perfusion of the anastomosis with 
ICG after completing the surgical resection. Jafari et al. [29], 
assessed the right transition point under white light; there-
fore, following the injection of ICG, the point of transection 
was reviewed in 19% of cases. Furthermore, in few cases, 
imaging by ICG fluorescence has also been used after the 
anastomosis was performed [32]. Moreover, the quantita-
tive assessment of a suitable or unsuitable pre-anastomotic 
perfusion is not well determined, mostly due to the fact that 
most real-time imaging systems do not have the capability 
of assessing tissue perfusion. However, some experimen-
tal studies have been published that evaluate the quantifi-
cation of fluorescence in animal models [36]. A technical 
improvement will certainly benefit the final result of the ICG 
application, making it possible to define different degrees 
of infusion. Ultimately, we did not consider in the analysis 
the data of the seven eligible studies that were excluded as 
not corresponding to the inclusion criteria, i.e. participants 
affected by rectal cancer. Therefore, we are not able to com-
pare results with participants whose tumour was located 
above the rectosigmoid junction.

Despite these limitations, the present study suggests that 
ICG offers a tangible benefit in rectal cancer surgery by 
reducing the incidence of AL and, consequently, reducing 
morbidity and the rate of reoperation.

Conclusions

Despite the significant limitations due to the intrinsic 
heterogeneity of the available studies, this type of IPD 
meta-analysis can allow us to draw some conclusions. 
Fluorescence imaging of the ICG appears to be a prom-
ising tool that is most likely useful in clinical practice, 
from a potential reduction in the rate of AL in individuals 
undergoing resection of the rectum for cancer, compared 
to standard practice. The advantage seems independent of 
gender, age, BMI and anastomotic distance from the anal 
border. However, other larger, prospective and randomized 
studies on the topic will help to determine whether the 
occurrence of AL may be decreased by the routine use of 
ICG fluorescence imaging during surgery for rectal cancer.
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