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Indocyanine Green Fluorescence Angiography Significantly Reduces
Anastomotic Leakage in Colorectal Surgery

Systematic review, meta-analysis & trial sequential analysis of 7 RCTs
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Two-Sentence Article Summary

This systematic review and meta-analysis of six randomized controlled trials involving
3,500 patients evaluated whether indocyanine green (ICG) fluorescence angiography
reduces anastomotic leakage in colorectal surgery. The pooled analysis showed that ICG
significantly lowers leak rates compared with standard assessment, and trial sequential
analysis suggests that the current evidence is sufficient to support its routine use for
intraoperative perfusion assessment.
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Prospero registry
Registration number: CRD42024622843

Abstract (335 words)

Background: Fluorescence angiography (FA) is increasingly used to reduce AL in colorectal surgery, yet
conclusive evidence on its protective effect remains limited. This systematic review with meta-analysis and
trial sequential analysis (TSA) of randomized controlled trials (RCTs) aimed to assess the effectiveness of
FA using indocyanine green (ICG) in reducing anastomotic leakage (AL) and determine whether current
evidence is sufficient to draw definitive conclusions.

Methods: A systematic review was conducted following PRISMA guidelines, with a comprehensive search
of PubMed, Embase, Scopus, and Cochrane databases up to March 1, 2026. All RCTs evaluating
intraoperative ICG use for AL prevention in colorectal surgery were included. The natural logarithm of the
risk ratio [log(RR)] was calculated using random-effects models. The risk of bias was assessed with RoB2,
and evidence quality was evaluated using the GRADE framework.

Results: Seven RCTs involving 4636 patients (2318 ICG, 2318 controls) were included. The AL rate was
7.9% in the ICG group versus 11.6% in the control group (RR 0.69; 95% CI 0.58-0.82; p < 0.001), with
negligible heterogeneity (12 = 0%). TSA demonstrated that the cumulative Z-curve crossed the monitoring
boundary for benefit, indicating that the required information size had been reached. Subgroup analysis
showed a significant reduction in AL in low colorectal or coloanal anastomoses (RR 0.63; 95% CI 0.51—
0.76; p = 0.002). FA significantly reduced both grade A leaks (RR 0.54; 95% CI 0.32-0.92; p = 0.006) and
grade B+C leaks (RR 0.67; 95% CI 0.48-0.93; p = 0.006). Postoperative complications were modestly
reduced in the ICG group (RR 0.90; 95% CI 0.82-0.99; p = 0.035), while no significant differences were
observed in operative time, length of hospital stay, or reoperation rate.

Conclusion: FA significantly reduces AL rate in colorectal surgery. TSA confirms that the required
information size has been reached for the overall analysis, supporting the robustness of this finding.
However, the subgroup analysis of low anastomoses has not yet reached the required information size, and

further targeted trials are warranted to confirm the benefit in specific subgroups.
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Introduction

Despite pivotal steps forward of the surgical technique, anastomotic leakage (AL) is still one of the most devastating
complications of colorectal surgery, with reported incidences ranging from 6 to 20% [1, 2]. This complication represents
a major clinical challenge, being associated with poor postoperative outcomes such as perianastomotic abscess,
peritonitis, septic shock, and increased mortality [3]. Moreover, AL negatively impacts oncological outcomes,
increasing the risk of local recurrence and reducing long-term survival [4, 5]: for these reasons, any effort to prevent

AL is crucial for patients.

Several risk factors for AL have been identified, including male sex, advanced age, comorbidities, immunosuppression,
poor nutritional status, preoperative radiochemotherapy, tumor size, anastomosis close to the anal canal, low perfusion,
and technical features [6, 7]. As proper oxygenation and vascular supply of the anastomotic site is mandatory to allow
tissue healing, many techniques and technologies have been introduced in surgical practice to confirm them. More
recently, indocyanine green (ICG) fluorescence angiography (FA) has been proposed and widely adopted in clinical
practice to assess tissue perfusion in real time, particularly during colorectal surgery [7, 8]. Indeed, this technology
enables surgeons to confirm the proper vascularization or to identify poorly perfused areas and to adjust the surgical

plan, by changing the bowel transection line.

Several studies have demonstrated the efficacy of ICG fluorescence angiography in reducing AL rates [8, 9]. To date,
four meta-analyses of randomized controlled trials (RCTs) have investigated the protective effect of fluorescence
angiography using ICG on anastomotic leakage. The study by Lucarini et al. (2024) [10] included four RCTs and
focused exclusively on rectal surgery, whereas the meta-analyses by Meyer et al. (2022) [11] and Elmajdub et al. (2024)
[12] included both colon and rectal resections. More recently, an additional meta-analysis of RCTs has been published,
further supporting the potential protective role of fluorescence angiography in reducing anastomotic leakage after
colorectal surgery [13]. However, the lack of definitive conclusions of these analyses was primarily due to the limited
number of available RCTs, many of which had small sample sizes and contrasting results. A pivotal factor in conducting
our study was the recent publication of the AVOID trial [14] , the IntAct trial [15] and the ICG-COLORAL trial [16]

which included substantially larger numbers of patients.

The aim of this study is to provide an updated systematic review and meta-analysis of existing evidence to establish the

role of fluorescence angiography in reducing anastomotic leaks in colorectal surgery.

Methods

Search strategy and selection criteria

The study was conducted following the guidelines outlined in the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement [17]. The research protocol was registered with the International Prospective
Register ~of  Systematic Reviews (PROSPERO) under registration number CRD42024622843
(http://www.crd.york.ac.uk/PROSPERO). A systematic search of the peer-reviewed literature published from January

1st, 2000, to March 1st, 2026, was conducted using the PubMed, Embase, Scopus, and Cochrane Library databases.
Search strategies for each database were developed using various combinations of keywords (detailed in Supplementary

Materials, Fig. 1s). For PubMed, the search query included the following terms: (("Indocyanine Green"[Mesh] OR


http://www.crd.york.ac.uk/PROSPERO

"ICG" OR "indocyanine green angiography” OR "indocyanine green fluorescence” OR "fluorescence imaging” OR
"angiography") AND ("Perfusion"[Mesh] OR "perfusion” OR "fluorescence" OR "angiography" OR "tissue perfusion™)
AND ("Colorectal Surgery"[Mesh] OR "colorectal surgery" OR "rectal surgery" OR "colon surgery" OR "colorectal
procedures” OR "colorectal anastomosis") AND ("Anastomotic Leak"[Mesh] OR "anastomotic leakage" OR
"anastomosis failure” OR "leakage" OR "complication™)). Additionally, the reference lists of all included articles were
reviewed to identify any relevant studies that met the inclusion criteria. Two investigators (FB, LB) independently
performed the literature search and data extraction using Rayyan systematic review software [18]. They assessed the
eligibility of all preliminarily identified records independently, based first on the title and then on the abstract. After the
preliminary selection, the full-text manuscripts of relevant studies were carefully reviewed to confirm eligibility and to
extract useful information. Any disagreements regarding eligibility were solved by a third reviewer (SL). Studies were
included based on the following criteria: 1) randomized controlled trials written in English; 2) patients undergoing
colorectal surgery (population) using ICG fluorescence angiography (intervention), compared to conventional methods
(control); 3) anastomotic leak reported as one of the outcomes (outcome). No geographic restrictions were applied.

Non-randomized studies and papers reporting duplicative results from the same authors’ group were excluded.

Data Extraction

Two authors examined the main features of each retrieved article and reported the following data: first author, year of
publication, study type, country of origin, study design, study period, near-infrared fluorescence imaging system, ICG
dosage, number of participants, patient demographics (age, gender, BMI, and ASA score), and surgical parameters
(operative time, blood loss, and distance of the anastomosis from the anal verge). Given the heterogeneity in the
definition of ‘low anastomosis’ across the literature [19, 20], we categorized all anastomoses resulting from Low
Anterior Resection (LAR) as ‘low.” This pragmatic approach ensures analytical consistency and is unlikely to alter the
clinical interpretation of the findings. Nonetheless, we acknowledge that it may entail some degree of misclassification,
as the definition of “low anastomosis” is not uniform across studies and not all anastomoses performed in the context
of LAR are truly low. Clinical outcomes, including anastomotic leak (AL) rate and severity (graded according to the
International Study Group of Rectal Cancer) [21], stoma rate, postoperative morbidity (minor and major, per Clavien—
Dindo classification) [22], mortality, length of hospital stay, and reoperation rate, were also recorded. Data from all

relevant tables and figures in the included studies were reviewed for completeness.

Risk of Bias

The methodological quality and risk of bias for each study were assessed using the Revised Cochrane Risk of Bias Tool
for Randomized Trials (RoB2) [23]. To evaluate the quality of evidence for each outcome, the Grading of
Recommendations Assessment, Development, and Evaluation (GRADE) [24] approach was used, categorizing the
evidence level for each endpoint as ‘very low,” ‘low,” ‘moderate,” or ‘high.” The quality of the studies was either
downgraded or upgraded based on criteria such as risk of bias, inconsistency, indirectness, imprecision, publication
bias, large magnitude, dose-response, or the effect of all plausible confounding factors. Authors FB and LB performed
the GRADE assessment.

Qutcomes

All prespecified outcomes were classified as primary or secondary. Primary outcomes were:



e Overall anastomotic leak (AL) rate in colorectal surgery, compared between the ICG and non-1CG
groups, expressed as risk ratio (RR)
e AL rate in rectal surgery with low colorectal or coloanal anastomoses, compared between the ICG
and non-1CG groups in terms of RR, as previously defined
e  Severity of AL, classified according to ISREC criteria into Grade A and Grades B + C. Two
analyses were performed:
1. Comparison between groups for Grade A and Grades B + C AL in the overall study
population.
2. Comparison between groups restricted to patients who experienced an AL.
Secondary outcomes were:
e  Operative time (minutes from skin incision to closure)
e Postoperative complication rate (Clavien—Dindo classification)
e Reoperation rate within 30 days

e Length of hospital stay.

Statistical Analysis

Continuous variables were analyzed using the mean difference (MD) and 95% confidence interval (Cl). Categorical
variables were evaluated using the natural logarithm of the risk ratio [log(RR)] and 95% CI. Final pooled estimates
were exponentiated and presented as standard risk ratios (RR) with 95% confidence intervals for clarity and clinical
interpretability. When variables were reported as median and range, they were converted to mean and standard deviation
(SD) according to Wan et al. [25]. The log (RR) was calculated using random-effects models. The Q statistic and 12
statistic were used to test heterogeneity. Low, moderate, and high degrees of heterogeneity corresponded to 12 values
of 25%, 50%, and 75%, respectively. When high heterogeneity was detected, a sensitivity analysis was performed to
assess the robustness of the findings by systematically excluding individual studies or subgroups to determine their
impact on pooled effect estimates. Statistical analyses were conducted using Python (Python Software Foundation,

available at http://www.python.org). Trial Sequential Analysis (TSA) was used to evaluate the type I error risk and

calculate the required information size [26, 27]. The Lan-DeMets approach was applied to construct monitoring
boundaries and adjust thresholds for statistical significance. The information size was determined using an alpha level
of 0.05 and a statistical power of 80%. A z-curve was created based on consecutive z-values derived from two-sided
significance testing. Monitoring boundaries were generated using conventional testing methods and the O’Brien—
Fleming alpha-spending function. The accrued information size (AlS) was defined as the total number of observed
patients included in the cumulative meta-analysis. TSA analyses were performed using the Trial Sequential Analysis
software (version 0.9 beta, available at http://www.ctu.dk/tsa) [28].

Results

Study selection and quality assessment

The systematic literature search identified 211 papers on PubMed, 200 on Scopus, 55 on Cochrane, and 1497 on
Embase, totaling 1963 papers. After removing duplicates, 1587 papers remained for screening. Following the review

of title and abstract, 1507 papers were excluded due to irrelevance to the study's objectives. A total of 80 papers
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underwent full-text screening, 73 of which were excluded for the following reasons: 8 of them involved the wrong
population, 63 of them had the wrong study design, and 2 of them were abstracts or poster presentations only.
Ultimately, seven randomized controlled trials (RCTs) [14-16, 29-32] involving 4636 patients met the inclusion criteria
and were included in the review (Figure 1). These studies were published between 2020 and 2025 and conducted in
Russia [31], Italy [30], the Netherlands [14], the United States [32], Japan [29], UK [15] and Finland [16]. A summary
of the included studies is presented in Table 1. The risk of bias assessment for these studies is depicted in Figure 2s of
the Supplementary Materials, and the GRADE [24] evaluation is provided in Table 4s of the Supplementary Materials.
All studies were determined to have a low risk of bias, with the quality of evidence rated as high.

Baseline patients characteristics

A total of 4636 patients were included in the study, with 2318 in the ICG group and 2318 in the non-1CG group, all
undergoing colorectal resections with anastomosis. Detailed information about the patients and procedures are provided
in Tables 1s, 2s and 3s of the Supplementary Materials. The mean age was 66 + 9.74 years in the ICG group and 66 +
9.6 years in the control group. In the ICG group, there were 1343 men (57.9%) and 976 women (42.1%), compared to
1311 men (56.6%) and 1006 women (43.4%) in the control group. The mean BMI was 25.97 + 4.55 in the ICG group
and 26.04 + 4.52 in the control group. Neoadjuvant treatment was administered to 443 patients (25.32%) in the ICG
group and 429 patients (24.5%) in the control group. The anastomosis distance from the anal verge was reported by
three studies only, all of which included left-sided colorectal resections exclusively in their series [29, 31, 32]. The
mean distance of the anastomosis from the anal verge was 6.15 * 2.88 cm in the ICG group and 6.32 £ 3.07 cm in the
control group. Five studies [14-16, 29, 31] reported data on changes to the operative plan in the ICG group. In 180 out

0f 2022 cases (8.9%), ICG influenced the surgeon’s decision to modify the transection line.

Meta-analysis and Trial Sequential Analysis

Anastomotic leak

All [14-16, 29-32] included studies reported the rate of AL. The cumulative AL rate was 7.9% (183/2318) in the ICG
group and 11.56% (268/2318) in the control group. The random-effects model analysis of seven RCTs demonstrated a
significant reduction in the risk of AL in the ICG group compared to the non-ICG group, with a RR of 0.69 (log(RR) -
0.37; 95% CI: 0.58-0.82, p < 0.001) (Fig. 2). The heterogeneity was negligible (12=0%; p=0.742).

The trial sequential analysis (TSA) shows the cumulative z-curve crossing the benefit boundary curve (Fig. 3),
indicating that the required information size has been reached for the overall analysis, supporting the robustness of the
observed protective effect.

The subgroup analysis of patients undergoing LAR showed that three studies [14, 29, 31] reported specific data on
anastomotic leaks. The AL rate was 9.66% (60/621) in the ICG group and 15.4% (95/617) in the control group. The
random-effects model analysis of three RCTs demonstrated a significant reduction in the risk of AL in the ICG group
compared to the non-ICG group, with a RR of 0.63 (log(RR) of -0.46 (95% CI: 0.16-0.76, p = 0.002). These findings
indicate that fluorescence angiography significantly reduces the risk of leak in LAR (Fig. 4). The heterogeneity was
negligible (12=0%; p=0.87). The TSA shows a cumulative z-curve crossing the benefit boundary curve (Fig. 5), but the

required information size has not yet been reached.



A further subgroup analysis was conducted based on the severity of AL, as reported by four studies [15, 29-31] that
classified leak rates (Supplementary materials Fig. 3a-3b). The random-effects model analysis showed a significant
difference in the risk of grade A anastomotic leak in the ICG group compared to the non-1CG group (RR = 0.54; CI
95%: 0.32-0.92, p=0.006; 12=0%), and the same result for grade B+C anastomotic leak (RR = 0.67; In(RR) -0.40; ClI
95%: 0.11-0.68, p=0.006; 12=0%).

Operative time

Four studies [14, 16, 29, 31] reported data on operative time (Fig. 6a). The mean operative time was 194.8 + 79.2
minutes in the ICG group and 193.4 + 86.5 minutes in the control group. The random-effects model analysis
demonstrated no significant difference in operative time between the ICG and non-ICG groups, with a mean difference
(MD) of —1.1 minutes (95% CI: —16.0 to 13.8; p = 0.89). Substantial heterogeneity was observed across studies (I2 =
98%).

Postoperative complications

All included studies [14-16, 29-32] reported the rate of postoperative complications (Fig.6b). The rate was 29.2% in
the ICG group (678/2318) and 32.6% (754/2318) in the control group. The random-effects model analysis of seven
RCTs demonstrated a modest but statistically significant reduction in the rate of postoperative complications between
ICG and non-ICG groups, with a RR of 0.9 (In(RR) of -0.1; 95% CI: 0.82-0.99, p = 0.035). The heterogeneity was
low (12=13%).

Reoperations

Six included studies [14, 15, 29-31] reported the rate of reoperations (Fig.6¢). The rate was 8% in the ICG group
(186/2318) and 8.3% (192/2318) in the control group. The random-effects model analysis of six RCTs demonstrated a
non-significant difference in the rate of reoperations between the ICG and non-ICG groups, with a RR of 0.99 (log
(RR) of -0.01; 95% CI: -0.27-0.25, p = 0.96). The heterogeneity was moderate (12=31.8%).

Length of Hospital Stay

Six studies [14, 15, 29-31] reported data on length of hospital stay (LOS) (Fig. 6d). The mean LOS was 7.72 + 8.71
days in the ICG group and 7.68 + 5.82 days in the control group. The random-effects model analysis showed a non-
significant difference in the LOS between the ICG and non-ICG groups, with a MD of -0.01 days (95% CI: -0.05 —
0.05, p = 0.975). The heterogeneity was negligible (12=0%).

Discussion

This systematic review and meta-analysis provides a comprehensive evaluation of the effectiveness of fluorescence
angiography in reducing AL in colorectal surgery, including seven RCTs [14-16, 29-32], incorporating the recently
published AVOID trial [14], IntAct trial [15] and ICG-COLORAL trial [16]. The results indicate that FA significantly
lowers the overall AL rate from 11.56% to 7.9% (p<0.001). Particularly, for low anastomoses, the leak rate decreases
from 15.4% to 9.66% (p=0.0023). Moreover, according to our results, FA is associated with a significant reduction of

both subclinical (grade A, p=0.006) and clinical (grade B + C, p=0.006) AL. The TSA performed on the primary



outcome confirms that the required information size has been reached for the overall analysis, supporting the robustness
of the observed protective effect. However, the TSA for the subgroup of low anastomoses has not yet reached the

required information size, indicating that further trials targeting this specific subgroup are still warranted.

In their 2022 meta-analysis, Meyer et al. [11] noted that while individual RCTs investigating the protective effect of
FA on ALs in colorectal surgery did not show statistically significant results, a significant protective effect became
apparent in the pooled analysis. Similarly, Keller and Hompes, commenting on the prematurely closed PILLAR Il
trial [32], observed that its early termination, after recruiting 347 patients instead of the planned 800, prevented the
trial from reaching an adequate sample size to conclusively demonstrate the effect of fluorescence angiography on AL
[33]. Similar observations also apply to the recently published AVOID trial [14] and IntAct trial [15], both of which
did not reach statistical significance for the primary outcome when analyzed independently. A further limitation of the
AVOID trial [14] was the inclusion of right-sided colon resections, as well as resection performed for benign
conditions. These are characterized by a lower prevalence of AL compared to the percentages used for the sample size
calculation (12% for the control group vs 6% for the study group) and a lower prevalence of AL resulting from
perfusion impairment. Even the IntAct trial [15], which included only rectal resections, failed to demonstrate a
significant benefit of fluorescence angiography in decreasing the AL rate within 90 days after surgery. However,
when combined with other RCTs, the overall results reinforce the protective effect of FA. The inclusion of the large
ICG-COLORAL trial [16]- the most recent and one of the largest RCTs to date — further strengthens the evidence.
Even though this trial alone did not reach statistical significance for the overall population, its addition to the pooled
analysis maintains a highly significant protective effect of fluorescence angiography. The trial confirms a possible
benefit restricted to left-sided colectomies, consistent with the subgroup findings of the other studies.

Several statistical and clinical considerations may account for these findings. In the EssentiAL [29] and IntAct [15]
trials—both limited to rectal resections—sample size calculations assumed a reduction in AL from 13% and 12% in
control group to 7% and 6% in study group, respectively. Indeed, AL is a multifactorial complication and the proportion
of events directly attributable to impaired perfusion within these total rates is unknown. This uncertainty might have
biased sample size estimates, leaving the trials underpowered. Furthermore, a single AL may result from multiple
concurrent factors. Adequate serosal perfusion on ICG imaging does not exclude mucosal ischemia, which may act in
synergy with other risks to complication development. Despite the expertise of participating centers, no consensus exists
on standardized fluorescence protocols or objective criteria for defining the ICG transection line, potentially limiting
the technology’s impact. Under these conditions, demonstrating a statistically significant reduction in AL as a primary
outcome in a RCT remains inherently challenging and, if perfusion and tissue oxygenation are recognized factors
influencing tissue healings, the simple evidence of adequate perfusion should be considered enough for evaluating the
benefit of such technology.

Studies by Alekseev et al. [31] and Watanabe et al. [29] suggest that fluorescence angiography is particularly effective
in preventing AL in lower anastomoses, where the risk of leak is higher. Our study further builds on these findings by
incorporating trial sequential analysis (TSA), which confirms that the protective effect of FA is unlikely to be disproven
by future trials. However, despite the significant protective effect of fluorescence angiography, the required information
size for this subgroup analysis has not yet been reached. The main limitation of this analysis is the impossibility of

including data from the IntAct trial [15] , as it does not differentiate between high and low anastomoses.



Our study found a statistically significant lower AL rate in the ICG group, even when stratified by AL severity into
both grade A and grades B and C. These results differ from those of EImajdub et al. [12], who demonstrated a protective
effect of fluorescence angiography on grade A ALs but not on grades B and C, as well as from those of Trastulli et al.
[34], who reported a protective effect on grades B and C but not on grade A ALs. These discrepancies can likely be
attributed to methodological differences: EImajdub et al. [12] had a relatively small sample size, while Trastulli et al.
[34] included around 15 studies with varying designs, including retrospective and prospective analyses, which may
limit the reliability of the evidence. Once again, the strength of this study was its large sample size, even for the subgroup

analyses.

Fluorescence angiography influenced the surgeon’s decision to modify the transection line in 180 out of 2022 cases
(8.9%). Among the included studies, only Faber et al. [14] reported the 90-day AL rate in patients whose transection
line was adjusted based on FA guidance. Notably, the AL rate in these patients was 10% (4/41). The authors attributed
this finding to a higher proportion of left-sided colorectal procedures (80% vs. 57%) and, specifically, low anterior
resections (34% vs. 20%) in the surgical changes group compared to the overall ICG group. Furthermore, the surgical
changes group exhibited higher comorbidity rates (90% vs. 86%), suggesting that these patients had an elevated baseline
risk of postoperative complications. As previously noted, anastomotic leakage is multifactorial, influenced not only by

insufficient vascular perfusion but also by patient-related factors and technical surgical aspects [35-37].

The use of ICG during colorectal surgery did not significantly increase operative time, in line with the 2023 EAES
consensus by Cassinotti et al. [38]. By contrast, EImajdub et al. [12] reported a significant increase in operative time
with fluorescence angiography, although only after exclusion of the RCT by Wu et al. [39]. Overall, our findings do
not support the hypothesis that FA meaningfully affects operative duration [12].

The 30-day postoperative complication rate was modestly but significantly lower in the ICG group. Most included
RCTs [15, 16, 29-32] showed a trend toward reduced overall morbidity with fluorescence angiography, although effect
sizes varied. The AVOID trial [14] reported a neutral result, possibly due to differences in patient selection, indications,
and methodology. Overall, the pooled analysis supports a reduction in postoperative complications with FA, suggesting

that the decrease in anastomotic leakage may translate into a broader, albeit modest, clinical benefit.

No statistically significant difference was observed in reoperation rates. Although this may appear counterintuitive,
considering that anastomotic leakage is a major cause of reoperation in colorectal surgery [40], several factors may
explain this finding. Lower anastomoses are both more prone to leakage and more often manageable conservatively,
especially in the presence of a protective stoma [41, 42]. In addition, endoscopic and transanal techniques may further
reduce the need for reoperation [43-45]. Along with the low overall event rate, these factors likely contributed to
heterogeneity across studies. This finding is consistent with the meta-analyses by Tang et al. [46] and EImajdub et al.

[12], but differs from Liu et al. [47], who suggested a possible beneficial effect.



No statistically significant difference was found in length of hospital stay. This contrasts with Cassinotti et al. [38], who
reported shorter hospitalization in the ICG group. Moreover, both Elmajdub et al. [12] and Trastulli et al. [34]

emphasized the uncertainty surrounding this outcome, limiting the strength of any firm conclusion.

While statistical heterogeneity was negligible for the primary endpoint (12=0%), it is important to acknowledge the
considerable clinical heterogeneity across the included trials. These differed substantially in terms of surgical
indications (both benign and malignant disease), anastomotic level (ranging from right-sided colectomies to ultra-low
anterior resections), ICG dosing protocols (from fixed 5 mg doses to weight-based 0.1-0.3 mg/kg), fluorescence
imaging platforms (at least six different systems were used across the seven trials), and criteria for intraoperative
modification of the transection line. Notably, neoadjuvant treatment rates varied across trials, the distance of the
anastomosis from the anal verge was reported in only three studies, and changes to the operative plan were not
documented in all trials. The absence of statistical heterogeneity should therefore not be interpreted as clinical
homogeneity, and the pooled effect estimate should be contextualized within this variability. These considerations
highlight that the overall protective effect of FA may not be uniformly applicable across all clinical scenarios, and that
future studies should aim to identify which patient subgroups and surgical settings benefit most from this technology.

Several limitations inherent to the included studies warrant consideration. Firstly, the studies utilized different
fluorescence imaging platforms. Secondly, as aforementioned, substantial variability existed in the protocols for ICG
administration, including dosage and timing, with each study adopting a unique approach. This lack of standardization
highlights the need for further research to establish uniform guidelines, as emphasized in recent consensus
recommendations [38, 48, 49]. Moreover, the interpretation of fluorescence angiography remains operator-dependent,
posing a challenge for providing consistent and objective assessments of anastomotic perfusion. Current evaluations
have predominantly relied on subjective criteria, rather than well-defined fluorescence parameters. Litken et al. [50]
identified key metrics, such as time-to-peak fluorescence, fluorescence slope, and t1/2max, as reliable predictors of AL,
suggesting that more objective parameters could enhance future applications of FA. Building on these insights, we
recommend that future trials focus on refining the procedural protocols for FA, aiming to develop a more objective
framework for perfusion assessment by incorporating fluorescence curves and standardized criteria to guide surgical
decisions. Finally, the classification of all LAR anastomoses as ‘low’ was adopted for analytical consistency; however,
this may have introduced misclassification, limiting the comparability of this subgroup across studies. Moreover, the
subgroup analysis of AL severity was limited to four studies, and only three studies provided specific data for low

anastomoses, restricting the strength of evidence for these secondary analyses.

In conclusion, this meta-analysis provides strong evidence that fluorescence angiography has a protective effect on AL
in colorectal surgery, with a reduction in leakage rates of approximately 3% overall and 6% in low anastomoses. This
corresponds to a number needed to treat of about 27 patients to prevent one anastomotic leak. TSA confirms that the
required information size has been reached for the overall analysis, supporting the robustness of this finding. However,
the benefit appears most pronounced in left-sided colectomies and low anterior resections, while the evidence for right-
sided resections and benign disease remains less compelling. Although the overall protective effect is robust, the clinical
heterogeneity across the included trials — in terms of indications, anastomotic level, ICG protocols, and imaging
systems — warrants caution in generalizing these findings to all colorectal procedures. Routine use of FA appears

justified, particularly in centers where the technology is already available and surgeons are familiar with its use. In this
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setting, its integration into colorectal anastomotic assessment may represent a pragmatic and clinically valuable
strategy, especially for high-risk anastomoses. Future research should focus on standardizing protocols, identifying the
patient subgroups most likely to benefit, exploring advanced metrics such as time-to-peak and slope, and moving from

subjective to objective fluorescence assessment in order to further optimize its protective effect.
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Legends

Table 1: Characteristics of the included studies

Figure 1: Flowchart of study screening according to PRISMA guidelines

Figure 2: Effect of ICG on the overall anastomotic leak

Figure 3: Trial sequential analysis of 7 trials comparing ICG vs. non-1CG for AL rate. The cumulative Z-curve
crossed the conventional boundary for benefit, required information size and the trial sequential monitoring boundary
for benefit, suggesting that the current evidence is statistically significant and support a superiority of ICG and further
trials will not change this conclusion. A diversity adjusted required information size of 2059 patients was calculated
using an alpha=0.05 (two sided) and a beta=0.20 (power 80%), and empirical estimation from TSA software

Figure 4: Effect of ICG on the anastomotic leak in low anastomosis
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Figure 5: Trial sequential analysis of 3 trials comparing ICG vs. non-1CG for AL rate in low anastomoses. The
cumulative Z-curve crossed the conventional boundary for benefit and the trial sequential monitoring boundary for
benefit, but did not cross the required information size, suggesting that the current evidence is statistically significant
and support a superiority of ICG but further trials could change this conclusion. A diversity adjusted required
information size of 2464 patients was calculated using an alpha =0.05 (two sided) and a beta=0.20 (power 80%), and
empirical estimation from TSA software

Figure 6: a) Effect of ICG on operative time; b) Effect of ICG on postoperative complications; c) Effect of ICG
on 30-day reoperation rate; d) Effect of ICG on length of hospital stay

Figures and Table

Table 1



Study Country Period of | ICG platform ICG dose Total number of ICG non-1CG
and year study patients group group
Rinne et al. Stryker 1688 4K camera
with advanced imaging
modality and Pinpoint
camera (Stryker),
EinsteinVision 3.0
fluorescence imaging
(Aesculap),
OlympusEndoeye10mm,E
Sep 2018 —| ndoeyelOmmExeralll,Med
Finland, Dec 2023 tronic EleVision IR total of 5 mg
2025 Platform, and DaVinci Xi. of ICG 1136 567 569
Jayne et al. Pinpoint [Stryker], Firefly
[Intuitive Surgical;
Sunnyvale, CA, USA],
Stryker [Kalamazoo, Ml,
Oct 2017 - USA], or Storz
UK, 2025 | Aug 2023 | [Tagerwilen, Switzerland] 0-1 mg/kg 766 383 383
Faber et al. Olympus Visera Elite 2 mL, total
Netherland | Jul 2020 - I1/Intuitive da Vinci of 5 mg of
s, 2024 Feb 2023 Firefly/Storz camera ICG 931 463 468
Watanabe et 5mL of a
al. 2.5mg
Japan, Dec 2018- mL—1
2023 Feb 2021 Stryker solution 839 422 417
Jafari et al. 3+ 1mL of
a2.5mg
Mar 2015— mL—1
USA, 2021| Feb 2017 Stryker solution 347 178 169
Alekseev et al. Russia, Nov 2017-
2020 Aug 2019 Karl Storz 0.2 mg kg—1 377 187 190
De Nardi et al. Jan 2016-
Italy, 2020 | Nov 2017 Karl Storz 0.3 mg kg—1 240 118 122
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A) Operative time (ICG + vs. ICG -) B) 30-day Postoperative complications (ICG + vs. ICG -)
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Identification

Identification of studies via databases and registers

Records (n=1963) identified
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screening:
Duplicate records removed
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Studies included in review
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Reports excluded (n=73):

Wrong population (n=8)
Wrong study design (n=63)
Abstract/Poster (n=2)




Forest plot (InRR) - ICG vs control for Anastomotic Leak
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