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Abstract

Background: Indocyanine green (ICG)-guided surgery is an emerging technique to enhance
intraoperative visualization of nodes and tumor location. However, there is no uniform
protocol regarding the optimal timing, dosage, or injection site for ICG in colorectal cancer
surgery. We assess the feasibility of ICG injection at the anorectal junction immediately
before surgery to safely identify the inferior mesenteric artery (IMA). Methods: This was a
prospective study involving robotic left hemicolectomy or anterior resection of the rectum
for primary colorectal cancer in 2024 in a single center. A total of 10–20 mg was injected
into the anorectal submucosa at four quadrants circumferentially using an anoscope imme-
diately before robot docking. Results: In this first study, ICG allowed us to identify the
IMA in 84.6% of 26 patients (mean age 66.5 years; BMI 26.7 kg/m2), without intraoperative
medical and surgical complications. Elevated BMI correlated with failure of IMA detection
(r = −0.77, p < 0.001), despite high ICG doses trending toward improved vascular visu-
alization (p = 0.097). A mean of 22 lymph nodes was harvested after ICG injection, with
yields unaffected by the quality of IMA visualization. Conclusions: Submucosal injection
of ICG is a feasible and easily adoptable option for early identification of the IMA, thereby
preventing major vascular injuries, particularly in patients with challenging anatomy. A
standardized protocol was implemented to improve reliability.

Keywords: indocyanine green fluorescence; inferior mesenteric artery; robotic; colorectal
cancer; lymph nodes; Body Mass Index; case series

1. Introduction
Colorectal cancer ranks as the fourth most frequent malignancy, with its incidence

steadily rising each year [1]. Surgical resection remains the cornerstone of curative treat-
ment, and complete lymphovascular dissection along the inferior mesenteric artery (IMA)
is essential for achieving oncological radicality in locally advanced colorectal cancer that
involves serosa or is at high risk of recurrence [2]. However, the risk of vascular injury
or intraoperative bleeding remains substantial. This is particularly high in patients with
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visceral obesity or presenting risk factors for metabolic syndrome [3], and is further exacer-
bated by anatomical variations, posing additional challenges, especially for surgeons with
limited experience [4]. In this context, accurate identification of the IMA is of paramount
importance to ensure surgical safety.

Indocyanine green fluorescence (ICG) has been proposed to enhance the intraoperative
visualization of tumor location and adequate resection margins [5]. When administered
intravenously, ICG is transported via the lymphatic system, enabling real-time mapping
of lymphatic drainage pathways along the origin of the IMA [6]. Recent studies have also
explored the efficacy of preoperative endoscopic ICG injection near the primary lesion prior
to surgery, but its adoption remains limited due to the logistical challenges of coordinating
between endoscopists and surgeons [7]. Alternatively, subserosal injection of ICG can
be performed intraoperatively by the surgeon [8]. While this technique offers logistical
convenience by eliminating the need for preoperative endoscopy, it could be technically
demanding [5].

To address these limitations, we proposed a reproducible technique based on submu-
cosal injection of ICG at the anorectal junction, performed directly by the surgeon under
anoscopic visualization, immediately before robotic docking. Here, we report our initial
prospective experience and describe a standardized algorithm aiming at empowering
the vessel identification and reducing vascular injuries during minimally invasive left
colectomy and rectal resection.

2. Results
2.1. Entire Cohort

A total of 26 patients fulfilled the inclusion/exclusion criteria (mean age 66.5 ± 15.2 years;
mean Body Mass Index (BMI) 26.7 ± 5.8 Kg/m2). Twelve patients had a tumor in the left
side of the colon, and fourteen had rectal cancer. Eight patients with rectal cancer received
preoperative therapy (Table 1).

Table 1. Clinical and surgical features in all series.

Patients (n = 26)

Female 15 (57.7)
Age (mean ± SD) 66.5 ± 15.2
BMI (mean ± SD) 26.7 ± 5.8

<25 11 (42.3)
25–30 8 (30.8)
>30 7 (26.9)

Left colon cancer 12 (46.2)
Rectal cancer 14 (53.8)

Tumor size (mean ± SD) 4 ± 1.9
Neoadjuvant 8 (30.8)

IMA visualization
Excessive 5 (19.2)
Excellent 13 (50.0)

Poor 4 (15.4)
No 4 (15.4)

Nodes retrieved (mean ± SD) 22 ± 9
Intraoperative complications 0 (0)

Pathological TNM
pT1 4 (15.4)
pT2 6 (23.1)
pT3 14 (53.8)
pT4 2 (7.7)

Metastatic lymph nodes 7 (26.9)
Hospital stay (mean ± SD) 7.6 ± 3.9

BMI: Body Mass Index; IMA: inferior mesenteric artery.
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Preoperative injection of ICG at the anorectal junction allowed for identification of
the IMA in 84.6% (n = 22) of patients. The other four cases presented higher BMI (mean
35.4 ± 5.0 Kg/m2; r = −0.77; 95% CI 0.89–0.56; p < 0.001; Figure 1).

Figure 1. Correlation between Body Mass Index and the capacity for inferior mesenteric artery
visualization.

All surgeries were concluded without intraoperative complications or vessel damage.
Interestingly, patients in whom the IMA was visualized by fluorescence had a shorter

operating time (median 252.5 [interquartile range 220–305] vs. 310 [294–327.5] min).
Oncological radicality was achieved in all patients, with an average of 22 ± 9 lymph

nodes excised. No correlation was observed between the number of lymph nodes removed
and IMA detection. Specifically, 21.5 ± 12.1 nodes in the group with excessive visualization
(n = 5), 22.1 ± 10.2 in cases of excellent visualization (n = 13), 19.0 ± 7.0 in cases of poor
visualization (n = 4), and 24.2 ± 4.0 in the remaining patients.

2.2. Subgroup Analysis

Patients were stratified according to the dose of ICG administered at each injection
point at the anorectal junction: 13 patients received 10 mg, 9 patients received 15 mg, and
4 patients received 20 mg of dye (Table 2). A trend toward excessive vascular visualization
in patients who received higher doses of ICG was noted, while inadequate or absent vessel
detection was more frequent in those administered lower doses (p = 0.097).

Table 2. Patients’ features stratified by the dose of ICG administered.

Period 1
ICG 10 mg

(n = 13)

Period 2
ICG 15 mg

(n = 9)

Period 3
ICG 20 mg

(n = 4)
p-Value

BMI 0.093
<25 5 (45.5) 5 (45.5) 1 (9.0)

25–30 2 (25.0) 3 (37.5) 3 (37.5)
>30 6 (85.7) 1 (14.3) 0 (0)

Neoadjuvant 4 (50) 3 (37.5) 1 (12.5) 0.956
IMA

visualization 0.097

Excessive 0 (0) 3 (60) 2 (40)
Excellent 6 (46.2) 5 (38.5) 2 (15.3)
Poor/No 7 (87.5) 1 (12.5) 0 (0)

BMI: Body Mass Index; IMA: inferior mesenteric artery.

3. Discussion
In the last 20 years, minimally invasive surgery has been increasingly adopted as

a standard approach in colorectal cancer [9]. However, laparoscopic techniques can be
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technically challenging for distal tumor locations or in cases of obesity and extensive intra-
abdominal adhesions [10]. These conditions may increase the likelihood of vascular or
organ damage and, consequently, the rate of conversion to open surgery [11].

ICG has gained attention in surgical oncology for lymphatic mapping in colorectal can-
cer [12]. Such studies investigated different methods of administration, aiming to optimize
the visualization of tumor or target structures [13]. Although recent consensus guidelines
by the European Association for Endoscopic Surgery (EAES) have provided general recom-
mendations for fluorescence-guided colorectal surgery, there remains no uniform protocol
regarding the optimal timing, dosage, or injection site, including intravenous, subserosal
(via a surgical approach), or submucosal (via an endoscopic approach) [14]. The efficacy
of intravenous administration was investigated to assess bowel perfusion after vascular
division, potentially reducing the rate of anastomotic leakage [15–17]. Nevertheless, a large
multicenter phase 3 trial produced contrasting results, with a similar incidence of clinically
relevant anastomotic leakage between patients who underwent ICG-guided surgery and
those who underwent conventional surgery (7% vs. 9%) [18]. In contrast, injecting tracers
into the colon wall via the subserosal route appears to be challenging and increases the
risk of leakage into the peritoneal cavity or wall perforation. Chand et al. designed a
prospective pilot study using a peritumoral subserosal ICG injection. The specimen was
extracorporealised through a midline incision, and ICG was administered via subserosal
injection at four sites around the tumor [19]. Other studies have explored submucosal
ICG injection during colonoscopy performed intraoperatively, but it is a time-consuming
process and demands interdisciplinary coordination [6,20].

In our series, the procedure was performed by a surgeon immediately before starting
robotic docking, using an anoscope to allow direct visualization of the anorectal mucosa.
Lymphatic drainage proceeded from station 251 to 253 along the origin of the IMA [21,22].
Visualization was achieved in 84.6% of cases within 15–20 min following submucosal
injection, which corresponds to the interval required for abdominal access, insufflation,
and robotic docking, typically faster than subserosal tumor injection. Notably, patients
with successful IMA visualization had shorter operative times (median 252.5 vs. 310 min),
suggesting that targeted lymphovascular pedicle identification may streamline dissection
and improve surgical efficiency. The proposed technique demonstrated a favorable safety
profile, with no anesthesia-related adverse events, such as significant desaturation following
intravenous administration, and no intraoperative complications, including bleeding or
organ damage.

Furthermore, oncological radicality and the retrieval of an adequate number of lymph
nodes, according to international guidelines, were achieved in all patients [23]. Interestingly,
the number of excised lymph nodes appeared to be independent of the dose of indocyanine
green administered, with no observed correlation between the quality of arterial visual-
ization and the lymph node yield. This finding is likely attributable to the standardized
high-tie ligation technique, which ensures comprehensive lymphadenectomy [24].

We also noted a dose-dependent relationship between the quantity of ICG admin-
istered and the visualization of the IMA origin. Although the association did not reach
statistical significance, decreased ICG doses were associated with poor vessel identification,
observed in seven (53.5%) patients. Conversely, higher doses (20 mg) resulted in excessive
fluorescence in 50% of cases. This correlation was reserved exclusively for patients with a
BMI < 30, among whom only 5 of 19 (26.3%) exhibited excessive fluorescence.

While this first experience demonstrates the feasibility of the ICG injection, our find-
ings are limited by the single-center design, relatively small sample size, and lack of a
control group using intravenous ICG. Moreover, ICG doses were chosen arbitrarily without
a standardized protocol. Notably, all cases of absent arterial visualization occurred in
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individuals with a BMI > 30. Further comparative studies are warranted to validate these
preliminary findings.

An ultimate consideration is the cost of the procedure. As a 25 mg vial of indocyanine
green is estimated to cost approximately USD 200 [25], we recommend using the remaining
solution for intravenous administration to evaluate bowel stump perfusion and anastomotic
integrity. This dual-purpose strategy might enhance clinical outcomes while improving
resource utilization.

Implemented Algorithm

Based on our results, a BMI-adjusted dosing algorithm has been refined: 2.5 mg per
injection site in BMI < 25 (total 10 mg); 3.75 mg per injection site in BMI of 25–35 (total
15 mg); and 5 mg per injection site in BMI > 35 (total 20 mg), with injections performed
at the 3, 6, 9, and 12 o’clock positions of the anorectal junction submucosa, immediately
before robotic docking begins.

4. Materials and Methods
4.1. Population

This prospective cohort study included patients who underwent robotic surgery (Da
Vinci Xi Robotic Surgical System, Intuitive) for colorectal cancer between January 2024 and
December 2024 at the Azienda Ospedaliero Universitaria Senese (AOUS) in Siena (Italy).

Eligible participants were adults aged 18 years or older with a confirmed diagnosis
of primary non-metastatic left colon cancer or high/mid-high rectal cancer, determined
as ASA 1 or 2. Exclusion criteria comprised known hypersensitivity or allergic reaction to
ICG, pregnancy, hemodynamic instability at the time of surgery, emergency setting, and
previous colorectal surgery. Data were collected prospectively in an Institutional database.

This case series has been reported in line with the PROCESS Guidelines [26].

4.2. Procedure

All surgical procedures were performed by the same colorectal surgeon. Prior to
surgery and after anesthesia induction, an anoscope was used to optimize exposure and
facilitate access to the anorectal region (Figure 2).

 

Figure 2. Anoscope-assisted exposure of the anorectal junction and submucosal ICG injection.

ICG was dissolved in sterile water to obtain a final concentration of 1.25 mg/mL.
Using a fine needle, the dye was injected transanally into the submucosal layer of the
anorectal junction at four quadrants corresponding to the 3, 6, 9, and 12 o’clock positions.
The needle was advanced approximately 2–3 mm into the submucosa, and the correct
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depth was confirmed by the appearance of a slight mucosal bulge. A successful injection
was defined by homogeneous submucosal elevation without leakage. (Figure 3)

Figure 3. Submucosa injection of indocyanine green at four quadrants of the anorectal juction
circumferentially on the left; inferior mesenteric artery (IMA) and lymphatic visualization (green) on
the right.

The total ICG dose per patient ranged from 10 to 20 mg, depending on the study
period: period 1 (January–April), 10 mg (2.5 mg per point); period 2 (May–August), 15 mg
(3.75 mg per point); and period 3 (September–December), 20 mg (5 mg per point).

The colorectal procedure begins with the preparation of the gastrocolic ligament to
access the retrogastric cavity. During this time, the IGC moves with the lymphatic flow. The
Firefly system allows the intraoperative visualization of lymphatic drainage pathways and
targeted dissection of nodal basins (Figure 4). Successful IMA identification was defined
intraoperatively as distinct fluorescence visualization of the IMA under NIR imaging
approximately 15 to 20 min after the injection, coinciding with the start of the vascular
dissection phase. The area with the strongest staining is the origin of the IMA, high-tied in
all cases.

   
(a) (b) (c) 

Figure 4. Near-infrared fluorescence imaging (green) showing the lymph nodes alongside the origin of
the inferior mesenteric artery: (a) excellent visualization; (b) excessive visualization; (c) poor visualization.

Moreover, the quality of visualization was classified as excellent, excessive, or poor
based on the brightness, contrast, and anatomical clarity. Excellent indicated a clear, well-
defined fluorescence precisely outlining the IMA origin; excessive referred to an overly
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intense or diffuse signal extending beyond the target area, causing background satura-
tion that could hinder precise identification; and poor described weak or discontinuous
fluorescence insufficient for reliable anatomical identification.

4.3. Aim

The aim of this study is to assess the feasibility of ICG administered via submucosal in-
jection for visualizing the origin of the IMA during left hemicolectomy or anterior resection
of the rectum. The secondary endpoints are to identify intraoperative complications, such
as systemic (allergic or hypersensitivity responses) and surgical adverse events (including
injection-site complications, bleeding, and organ damage), and to determine whether the
quality of IMA visualization influences the number of harvested lymph nodes.

4.4. Statistical Analysis

Categorical variables were summarized as frequencies and percentages. Means with
standard deviation (SD) were used for normally distributed variables. Differences among
patients stratified by the dose of ICG administered (10, 15, or 20 mg) were assessed by the
chi-square test for categorical variables and by ANOVA for continuous variables. Data
analysis was performed using 27.0 SPSS Statistics (IBM Corp., Armonk, NY, USA).

5. Conclusions
In conclusion, the anorectal administration of ICG enhances real-time visualization of

the origin of the IMA during robotic left hemicolectomy or rectal cancer surgery and could
facilitate its swift ligation, especially for surgeons with more limited experience. While
the technique shows considerable promise, further validation of a standardized protocol
is required in larger cohorts of patients before it can be widely adopted in colorectal
surgery, particularly for patients with a higher BMI or who have received chemotherapy
or radiotherapy.
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