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Abstract
Background  Indocyanine green (ICG) fluorescence imaging has been proven to be an effective tool to assess anastomotic 
perfusion. The aim of this systematic review and meta-analysis was to evaluate its efficacy in reducing the anastomotic leak-
age (AL) rate after colorectal surgery.
Methods  PubMed, Scopus, WOS, Google Scholar and Cochrane Library were searched up to January 2017 for studies 
comparing fluorescence imaging with standard care. ClinicalTrials.gov register was searched for ongoing trials. The primary 
outcome measure was AL rate with at least 1 month of follow-up. ROBINS-I tool was used for quality assessment. A meta-
analysis with random-effects model was performed to calculate odds ratios (ORs) from the original data.
Results  One thousand three hundred and two patients from 5 non-randomized studies were included. Fluorescence imaging 
significantly reduced the AL rate in patients undergoing surgery for colorectal cancer (OR 0.34; CI 0.16–0.74; p = 0.006). 
Low AL rates were shown in rectal cancer surgery (ICG 1.1% vs non-ICG 6.1%; p = 0.02). There was no significant decrease 
in the AL rate when colorectal procedures for benign and malignant disease were combined. To date, there are no published 
randomized control trials (RCTs) on this subject, though 3 ongoing RCTs were identified.
Conclusions  ICG fluorescence imaging seems to reduce AL rates following colorectal surgery for cancer. However, the inher-
ent bias of the non-randomized studies included, and their differences in AL definition and diagnosis could have influenced 
results. Large well-designed RCTs are needed to provide evidence for its routine use in colorectal surgery.
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Introduction

Anastomotic leakage (AL) is one of the most feared com-
plications following colorectal surgery. It has been associ-
ated with increased postoperative morbidity and mortality 
rates [1, 2]. Due to the lack of a standardized definition for 
AL, there is still variability in studies reporting this condi-
tion [3]. The AL rate in colorectal surgery varies from 1 to 
19% depending on the anatomic location of the anastomosis: 

ileocolic (1–8%); colocolic (2–3%); ileorectal (3–7%); colo-
rectal or coloanal (5–19%) [3–5]. In the Rectal Cancer Pro-
ject of the Spanish Society of Surgeons, the rate of AL for 
rectal cancer surgery was 10% [6]. The reduction in AL rates 
by improving its prevention, diagnosis and management con-
tinues to be a challenge nowadays. Finding new techniques 
to reduce AL has been highlighted as a research priority 
by the Association of Coloproctology of Great Britain and 
Ireland (ACPGBI) [7].

Multiple conditions have been associated with a greater 
risk of AL: male sex, age, comorbidities, high American 
Society of Anaesthesiologists (ASA) score, malnutrition, 
obesity, smoking, immunosuppression, alcohol abuse, pre-
operative chemotherapy and radiotherapy, advanced tumor 
stage, diverticulitis, low anastomoses, prolonged operative 
time, inadequate anastomotic blood supply, blood loss or 
perioperative blood transfusion and intraoperative septic 
conditions [3, 8–10]. Adequate perfusion of the anastomosis 
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is essential for optimal healing and AL prevention [11–13]. 
Consequently, detection of bowel ischemia intraoperatively 
may reduce the risk of AL.

Different intraoperative techniques have been proposed 
to assess anastomotic integrity and bowel viability in colo-
rectal surgery [14, 15]. Traditionally, usual anastomotic 
assessment includes direct visualization of the anastomosis, 
integrity of the doughnuts and the air leak test. Subjective 
signs indicating optimal anastomotic perfusion are evalu-
ated, including serosal-mucosal color and/or bleeding at 
the cut edge of the bowel and/or palpable pulsations of the 
mesenteric arteries [10, 16]. However, a study by Karliczek 
et al. showed that the risk of AL is underestimated and the 
accuracy of surgeons’ prediction of AL risk low [17]. The 
authors indicated a need for a reliable predictive test that 
could be used intraoperatively.

Fluorescence imaging with indocyanine green (ICG) has 
been increasingly considered a potential intraoperative tool 
that could be used in routine practice to ensure adequate 
perfusion at the time of anastomosis formation. It allows sur-
geons to visualize bowel microperfusion in real time, being 
fast and easy to perform. Recent literature shows the poten-
tial benefit of fluorescence imaging with ICG in lowering 
AL rates by changing the surgical plan [18–24]. Moreover, 
it has already been proven to be safe and feasible in colorec-
tal surgery [25–29]. However, further research is needed to 
validate its efficacy in reducing the AL rate [1].

The aim of this study was to systematically review the 
available literature reporting data on AL rates using ICG 
fluorescence imaging in contrast to standard surgical care 
in colorectal surgery.

Materials and methods

A systematic review was conducted in accordance with the 
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement [30].

Eligibility criteria

Studies that compared intraoperative use of ICG fluores-
cence imaging with standard care for the assessment of 
anastomotic perfusion or viability were eligible for inclu-
sion. Patients of any age undergoing colon or rectal resec-
tion with anastomosis were included, regardless of opera-
tive approach, urgency of surgery or surgical indications. 
The primary outcome measure was the AL rate with at 
least 30 days of follow-up. Randomized controlled trials 
(RCTs), cohort studies, case–control studies and quasi-
randomized studies were searched. Case reports were 
excluded. Studies using ICG fluorescence for purposes 

different from perfusion assessment were excluded, as well 
as those studies based on animal models.

Search strategy

An electronic search was carried out using PubMed, Sco-
pus, Web of Science, Google Scholar databases and the 
Cochrane Library. The reference list of identified system-
atic reviews and review articles was hand-searched for 
additional references. Furthermore, the register Clinical-
Trials.gov was searched to identify ongoing trials.

A combination of medical subject heading (MeSH) 
terms and keywords was searched: “indocyanine green,” 
“ICG,” “coloring agents,” “fluorescence,” “fluorescein 
angiography,” “fluorescent dyes,” “anastomotic leak,” 
“anastomotic leakage,” “anastomotic perfusion,” “anasto-
mosis, surgical,” “bowel perfusion,” “blood supply,” “per-
fusion assessment,” “colorectal surgery,” “colon surgery,” 
“rectal surgery,” “colorectal resection,” “bowel resection” 
using the Boolean operator “OR” for each concept. Each 
concept was combined with “AND.” The complete search 
strategy is shown in the appendix. No search limits were 
applied, and all languages were included. Databases were 
search from their inception to January 24, 2017.

Study selection and data extraction

Studies were screened by title and abstract; then, the full 
text was obtained for those studies identified as potentially 
eligible.

From each study, data were extracted on: study charac-
teristics and year of publication, patient inclusion period, 
sample size, surgical indication, surgical management 
(operative approach, procedure and whether a change in 
surgical plan was made), fluorescence imaging system 
used and AL rate.

Authors were contacted to provide additional information 
that was not available in the original studies. Two authors 
could not be contacted or were not able to provide the 
requested data [31, 32].

Risk of bias assessment

The quality of the included studies was evaluated using the 
ROBINS-I risk of bias assessment tool for non-randomized 
studies of interventions [33]. Seven domains were covered 
including confounding and selection of participants for 
the study, classification of interventions, deviations from 
intended interventions, missing data, measurement of out-
comes and selection of the reported result.
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Statistical analysis

The odds ratios (ORs) were calculated from the original data 
and were assessed as the summary statistic. Values were 
reported with 95% confidence intervals (CIs). As there was 
a substantial level of heterogeneity expected across the 
included studies, Mantel–Haenszel (M–H) method and ran-
dom-effects models were employed for quantitative statisti-
cal analysis of dichotomous variables. Also, statistical het-
erogeneity was assessed using I2 test and visual inspection 
of forest plots. Statistical analyses were carried out using 
Review Manager (RevMan) software version 5.3 (Copen-
hagen: The Nordic Cochrane Centre, The Cochrane Col-
laboration, 2014).

Results

Study selection

Results of literature search and selection process of eli-
gible studies are presented in the PRISMA flow diagram 
(Fig. 1). From the 518 studies identified by the search, 
full text of 72 studies was evaluated. Finally, 5 non-ran-
domized studies were included in the analysis [31, 32, 
34–36]. To date, there are no published RCTs on this sub-
ject. On ClinicalTrial.gov search, 6 ongoing trials were 

identified, 3 of them were randomized studies with a con-
trol group [37–39].

Study characteristics

Characteristics of the analyzed studies are reported in 
Table 1 and differences in AL definitions in Table 2. The 
5 studies included a total of 1302 adult patients. The sam-
ple size in the studies varied from 38 to 436 patients. Most 
studies included elective rectal surgery for rectal cancer. 
Follow-up ranged from 1 month to more than 6 months.

Four of the included studies were retrospective [31, 
32, 34, 36], and all of them were single-center studies. 
Historical controls were used in Kudszus et al., Kin et al. 
and Boni et al. studies [31, 32, 36]. Most studies included 
elective rectal surgery. Jafari et al. [34] and Kim et al. [35] 
included patients undergoing robotic rectal resections. The 
commonest indication was cancer.

Due to the lack of published RCTs, the 5 studies 
included for analysis were non-randomized studies of 
interventions. All the studies were at moderate risk of bias 
when they were evaluated according to the tool for assess-
ing risk of bias in non-randomized studies of interventions 
(ROBINS-I) [33]. Items assessed for each study are found 
in Table 3.

Fig. 1   PRISMA flowchart of 
study selection process
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Outcome assessment

The meta-analysis included 555 patients in the ICG group 
and 747 patients in the control group. Both groups included 
patients who had colon or rectal surgery for benign or malig-
nant indications. The overall AL rate was 5.4%. There was 
no significant difference in AL rate with or without the use 
of ICG fluorescence (OR 0.51; 95% CI 0.23–1.13; p = 0.10) 
(Fig. 2). The I2 value was 35%, which shows there was mod-
erate heterogeneity.

Data from 956 cancer patients were obtained from 4 
studies [31, 34–36]. AL risk was significantly reduced 
when using ICG fluorescence imaging in patients under-
going surgery for colon or rectal cancer (OR 0.34; CI 
0.16–0.74; p = 0.006; I2 = 0%) (Fig. 3).

Rectal cancer surgery was assessed in 554 patients in 
three studies [34–36]. ICG perfusion assessment in rectal 
surgery resulted in an 81% reduction in the odds of AL 
(OR 0.19; 95% CI 0.05–0.75; p = 0.02; I2 = 0%) (Fig. 4), 

Table 2   Definitions of AL in included studies

AL anastomotic leak, CT computed tomography

Study AL definition

Kudszus et al. [31] Clinically apparent AL requiring surgical reintervention
Kin et al. [32] At least one of the following criteria:

1. Anastomotic defect noted on physical examination
2. Anastomotic defect confirmed in the operating room
3. Anastomotic defect seen on proctoscopy
4. Radiologic evidence of a leak consisting of either a defect in the anastomosis and an 

adjacent fluid collection, or stranding or extravasation of rectal contrast into the extraluminal 
space

5. Clinical evidence of leak such as feculent output from pelvic drain
Jafari et al. [34] Any disruption of the anastomosis visualized by contrast enema study or endoscopy
Kim et al. [35] Any disruption of the anastomosis, including leakage, abscess and enteric fistula, verified by 

water-soluble contrast enema, pelvic computed tomography and clinical findings
Boni et al. [36] Clinically suspected AL was confirmed by routine CT scan plus water-soluble contrast enemas

Table 3   ROBINS-I tool (Stage II) for each study

Confounding Selection of 
participants

Classification of 
interventions

Deviations from 
intended interven-
tions

Missing data Measurement 
of outcomes

Bias in selection 
of reported result

Kudszus et al. [31] Moderate Low Low Low Low Moderate Low
Kin et al. [32] Moderate Low Low Low Low Low Moderate
Jafari et al. [34] Moderate Low Low Low Low Low Low
Kim et al. [35] Moderate Low Low Low Low Moderate Low
Boni et al. [36] Moderate Low Low Low Low Low Low

Fig. 2   Forest plot showing odds ratio in AL following colorectal surgery in ICG group versus control group (non-ICG; standard care alone)
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showing a lower AL rate in comparison with standard care 
(1.1 vs 6.1%, respectively).

A change in the planned anastomotic level was made 
in 41 of the 555 cases in the ICG group (7.4%), due to 
hypoperfusion seen with ICG. Moreover, Kim et al. [35] 
reported 13 cases out of 123 in the ICG group (10.6%), 
and Kudszus et al. [31] reported 5 cases out of 201 (2.5%) 
in which further exploration with ICG after anastomosis 
formation helped to identify adequate perfusion despite 
clinical impression of malperfusion. None of those 
patients underwent additional resection or reanastomosis.

Ongoing trials

Three ongoing RCTs were found on ClinicalTrial.gov reg-
ister. Details of the identified studies are shown in Table 4.

AL rate is the primary outcome measure in the 3 stud-
ies, 2 of them with 30 days of follow-up [37, 38] and 1 with 
2 months of follow-up [39]. One of the RCTs has included 
low anterior resections for rectal cancer [39], another is eval-
uating ICG use during rectal or left colectomies (benign and 
malignant disease) [38], and the third study includes robotic 
colorectal surgery for cancer, inflammatory bowel disease or 
diverticular disease [37].

Fig. 3   Forest plot showing odds ratio in AL in patients undergoing any colorectal surgery for cancer indication in ICG group versus control 
(non-ICG; standard care alone)

Fig. 4   Forest plot showing odds ratio in AL in rectal cancer surgery in ICG group versus control (non-ICG; standard care alone)

Table 4   Ongoing trials registered on ClinicalTrials.gov

IBD inflammatory bowel disease, ICG indocyanine green

ID Clinicaltrials.gov Estimated study com-
pletion date (status)

Estimated 
enrollment

Surgical approach and 
device

Surgical procedure Surgical indication Follow-
up 
(days)

NCT02598414 December 2017 
(recruiting)

102 Robotic (FIREFLY ™) Colon or rectal resec-
tion

Colon/rectal cancer, 
IBD or diverticular 
disease

30

NCT02662946 January 2018 (recruit-
ing)

208 Laparoscopic (ICG—
angiography)

Rectal resection or left 
colectomy

Rectal disease or 
sigmoid disease

30

NCT02205307 July 2017 (terminated) 1000 Open, or minimally 
invasive (SPY Elite 
™ or PINPOINT ™)

Low anterior resections Rectal or rectosigmoid 
cancer

60
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Discussion

This systematic review and meta-analysis shows that intra-
operative use of ICG fluorescence imaging is a potential 
tool to reduce the AL risk following colorectal surgery for 
cancer. However, the inherent bias of the non-randomized 
studies included should be taken into consideration when 
interpreting these findings.

Morbidity, mortality and costs generated by this post-
operative complication may be reduced with a decrease 
in AL rate. The initial burden of a near-infrared (NIR) 
unit is 70.000€, and then, the cost for ICG dye is 13€ per 
patient [35]. In contrast, AL represents 1.6 to 5 million 
euros of the annual direct healthcare costs in the UK and 
over 22.000€ per patient in the USA [3]. AL also increases 
the mortality risk (from 1.9% without AL to 15.9% with 
AL) and the length of stay (from 7 days without AL to 
23 days with AL) [9]. In colorectal cancer surgery, AL has 
been associated with reduced long-term cancer-specific 
survival and a greater risk of systemic and local recurrence 
[40, 41]. However, this association remains unclear when 
referring to rectal surgery [42].

Several studies have assessed the use of ICG fluores-
cence in colorectal surgery, but most of them are case 
series with a small sample size. Fluorescence imaging 
has been described in surgical procedures for benign and 
malignant indications and different operative approaches 
[20–23, 43] including robotic colorectal surgery [18, 24], 
transanal rectal surgery [25] and minimally invasive sur-
gery [44].

ICG fluorescence seems to help in identifying the need 
for a change in the surgical plan, extending resection mar-
gins or requiring revision and reanastomosis. A change in 
the planned anastomotic level was decided in 7.4% (41 over 
555 patients in the ICG group). Usually, a change is decided 
on if bowel hypoperfusion is detected by fluorescence, even 
if the bowel had seemed well-perfused on visual examina-
tion. In contrast, ICG fluorescence can also help in con-
firming adequate perfusion in those cases where there is a 
clinical impression of malperfusion, and therefore indicate 
that the resection margins do not need to be extended further.

In the present meta-analysis, the study by Kin et al. [32] 
was the only one that reported no reduction in the AL rate 
when using intraoperative fluorescence. However, this study 
has some limitations that could have influenced results. Only 
proximal bowel perfusion was assessed, and therefore, rectal 
stump perfusion was not confirmed. In contrast to the other 
studies, which only included patients undergoing surgery for 
cancer, this study also included patients with inflammatory 
bowel disease and diverticular disease.

The results of this study must be taken with caution as 
it has several limitations that could have influenced them. 

One of the limitations of this meta-analysis is the lack of 
randomization in the studies included. Moreover, when 
the quality of the studies was assessed with ROBINS-I 
tool [33], all of them showed moderate risk of bias. In 
addition, 4 studies were retrospective [31, 32, 34, 36] and 
results from ICG fluorescence group were compared with 
a control group from a different time period. Also, the risk 
of publication bias in the studies reporting the effect of 
fluorescence imaging on AL rates should be considered.

Other limitations including variability in the definition of 
AL as well as differences in the length of follow-up, use of 
neoadjuvant therapy, surgical technique and application of 
ICG should also be considered. In all the included studies, 
ICG fluorescence was used before anastomosis formation. 
However, differences in its use could have influenced the 
rates of change of surgical plan. In the studies of Kudszus, 
Kin and Boni et al., anastomotic perfusion with ICG was 
assessed after resection [31, 32, 36]. In the study of Jafari 
et al. [34], the optimal transection point was decided under 
white light; then after ICG injection, the transection point 
was revised. In contrast to the other studies, Kim et al. [35] 
checked the perfusion status of the left colon and rectum 
with ICG before the division of the distal rectum. Then, the 
transection point was decided on depending on the perfusion 
assessment. In some cases, ICG fluorescence imaging was 
also used after anastomosis formation [35, 36].

Furthermore, the quantitative definition of adequate or 
inadequate preanastomotic perfusion is not well defined, 
mainly because most of the actual imaging systems lack 
the ability to quantify tissue perfusion. However, some 
experimental studies assessing fluorescence quantification 
in animal models have been published [45]. Additionally, 
Sherwinter et al. [25] used a fluorescence score in their study 
based on the sequence of fluorescence uptake and time of 
maximal excitation.

Conclusions

Despite the limitations of the available studies, this system-
atic review and meta-analysis show that ICG fluorescence 
imaging is a promising tool that could be of help in clini-
cal practice. It may reduce the AL rate in patients having 
colorectal resection for cancer. Moreover, ICG perfusion 
assessment in rectal anastomosis has shown a lower AL rate 
in comparison with standard care. However, its efficacy in 
reducing AL risk is uncertain as the presented data come 
from poor quality studies. To date, there is no published 
RCT on the subject, though 3 ongoing RCTs were identified 
on ClinicalTrials.gov register. There is a need of larger, well-
designed RCTs to assess whether the AL rate can be reduced 
by incorporating ICG fluorescence imaging in routine colo-
rectal surgery for benign or malignant disease.
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