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INTRODUCTION
In recent years, minimally invasive surgery has been steadily 

on the rise, leading to the development of various surgical 
devices to accommodate this trend [1-6]. There has been a 
growing interest in the application of indocyanine green (ICG)-
fluorescence imaging (FI) in colorectal surgery [7-9]. This 
innovative technology has shown great promise in enhancing 
intraoperative visualization and decision-making, ultimately 
leading to improved outcomes for patients undergoing 
colorectal surgery. 

ICG, which is a water-soluble tricarbocyanine compound, was 
originally approved by the U.S. Food and Drug Administration 

in 1959, it was primarily used for hepatic function diagnostic 
tests. In the early 1970s, its applications extended to retinal 
angiography. Upon intravenous injection, ICG quickly and 
extensively binds to plasma proteins, predominantly remaining 
within the intravascular space. Its half-life ranges from 3 to 5 
minutes, followed by hepatic clearance and excretion into the 
bile [2], and the manufacturers advise not exceeding a daily 
dose of 2 mg/kg [3]. ICG possesses the unique ability to absorb 
near-infrared (NIR) light at wavelengths between 750 and 
800 nm and emit it as fluorescence at 830 nm when bound to 
proteins in tissue [6]. This property proves particularly valuable 
for investigating deep tissues and structures. 

ICG guidance into colorectal surgery presents several useful 
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In recent years, the rise of minimally invasive surgery has driven the development of surgical devices. Indocyanine green 
(ICG) fluorescence imaging is receiving increased attention in colorectal surgery for improved intraoperative visualization 
and decision-making. ICG, approved by the U.S. Food and Drug Administration in 1959, rapidly binds to plasma proteins 
and is primarily intravascular. ICG absorption of near-infrared light (750–800 nm) and emission as fluorescence (830 nm) 
when bound to tissue proteins enhances deep tissue visualization. Applications include assessing anastomotic perfusion, 
identifying sentinel lymph nodes, and detecting colorectal cancer metastasis. However, standardized protocols and 
research on clinical outcomes remain limited. This study explores ICG’s role, advantages, disadvantages, and potential 
clinical impact in colorectal surgery.
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applications [6-9]. Firstly, it aids in assessing vascular perfusion 
in colorectal anastomoses, enabling surgeons to make informed 
decisions about the viability of the anastomotic site. This is 
crucial in preventing anastomotic leakage. Additionally, ICG 
has been invaluable in the identification of sentinel lymph 
nodes (SLNs) during colorectal cancer (CRC) surgery, allowing 
for accurate staging and tailored treatment approaches. 
Furthermore, ICG-FI provides detection of metastasis in CRC.

However, the protocols for emerging techniques are less 
standardized, and there is a paucity of research on their impact 
on clinical outcomes. This descriptive review aimed to explore 
the application of ICG in colorectal surgery, its respective 
advantages and disadvantages, and its potential impact on 
clinical outcomes.

VASCULAR VISUALIZATION

Bowel perfusion assessment
ICG-FI allows for visualization of tissue perfusion under NIR 

light. The injection of ICG provides real-time identification of 
bowel perfusion intraoperatively and this property would be 
useful in preventing anastomotic leakage (AL). AL is one of 

the major complications that might influence oncological and 
functional outcomes [10,11]. Among factors associated with 
AL [12-15], poor bowel perfusion is the most important factor 
associated with AL in colorectal surgery [16]. Various method 
has been attempted to reduce AL or sequel of AL [17-20]. 

With ICG-FI, delineating the demarcation between vascular 
and avascular segments and establishing the appropriate 
transection margin may serve as a viable strategy to create a 
well-perfused anastomosis, thereby reducing the incidence of 
AL (Fig. 1). The area where surgeons use ICG most frequently in 
colorectal surgery is bowel perfusion assessment [17-20] (Table 
1). 

Some cohort studies and meta-analyses have reported an 
effect of ICG-FI for a decrease in AL [18- 23]. One of these meta-
analyses reported that the surgical plan of 9.6% of patients 
was changed based on ICG-FI, and using ICG-FI was associated 
with significantly lower odds of AL (odds ratio [OR], 0.452; 
95% confidence interval [CI], 0.366–0.558) [22]. Nevertheless, 
the impact of ICG-FI on decreasing the rate of AL has yielded 
inconsistent findings. Two randomized controlled trials (RCTs) 
were conducted concurrently, with one reporting a decrease 
in AL, in line with prior research, while the other observed 

Jin-Min Jung, et al: Combined major vessel resection for hilar cholangiocarcinoma

F
lu

o
re

s
c
e
n
c
e

in
te

n
s
it
y

(A
U

)

55

50

45

40

35

30

25

20

15

10

0 20 40 60 80 100 120 140

Time (sec)Latency

Slow perfusionSlope

F
lu

o
re

s
c
e
n
c
e

in
te

n
s
it
y

300

200

100

0
0 5 10 15

Distance (cm)

High slope region ( = 24.2)
�

�
F

cm

Optimal region

Low intensity region ( = 6.3)
�

�
F

cm

A C

B D

Fig. 1. Indocyanine green-fluorescence image (ICG-FI) use for anastomotic safety. Sigmoid colon image under standard 
white light (A), ICG-FI with red inversion mode (B), time-fluorescence curve of ICG angiography for quantitative perfusion 
analysis, during laparoscopic low anterior resection for rectal cancer patients. (C) Fluorescent intensity curves have a common 
transitional area within 4–5 cm as an optimal zone to analyze the fluorescence images (D). Adapted from Son et al. [2] and 
Ahn et al. [8], according to the Creative Commons License.
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no reduction in AL [24,25]. In 2021, another RCT reported 
that there was no difference in AL rate between patients who 
underwent perfusion assessment and those who underwent 
the standard surgical technique [26]. Several factors may 
contribute to these conflicting results observed across various 
studies. The risk factors associated with AL are multifactorial 
and encompass variables such as location, gender, receipt of 
preoperative chemoradiotherapy, preoperative obstruction, and 
technical factors [27,28]. These factors may vary across studies, 
making it challenging to isolate the specific benefits of a single 
factor, such as perfusion assessment via ICG-FI.

Another contributing factor to the disparate findings is the 
variability in protocols employed across different studies (Table 
2). Thus far, there has been no standardization in the use of ICG 
and, as a result, it often fails to provide quantitative data for 
precise perfusion assessment. Consequently, the determination 
of the transection point during surgery may exhibit subjectivity. 
Furthermore, experienced surgeons may derive fewer 
advantages from ICG-FI for assessing bowel perfusion compared 
to their less-experienced counterparts. Currently, 3 RCTs are 
ongoing ([29], ICG-COLORAL [NCT03602677], and InTACT trial 
[ISCRN 13334746]), and it will be necessary to examine the 
results of these studies in the future.

ICG-FI, especially when performing intracorporeal 
anastomosis (IcA), aids in perfusion assessment. While IcA (ICG 

angiography) has demonstrated an increase in utility, it has 
its limitations. One such limitation is the inability to directly 
palpate the anastomosed intestine or vessel and directly observe 
the actual color tone. Hence, in the context of IcA, assessing 
bowel perfusion with ICG-FI is likely to offer more valuable 
insights. In a retrospective study, ICG-FI detected inadequate 
anastomotic perfusion in 5.8% (4 of 69 patients) of cases 
within the intracorporeal group, whereas none were identified 
in the extracorporeal group (P = 0.046) [30]. The use of ICG-
guided surgery can enhance the assessment of anastomotic 
perfusion and complement the capabilities of IcA. ICG-FI can 
also be applied in pouch surgery, which is usually done in total 
proctocolectomy for ulcerative colitis or familial adenomatous 
polyposis. When making a pouch, if the mesentery is short, it 
can pose challenges in achieving a tension-free anastomosis. 
To address this issue, mesentery lengthening can be achieved 
by ligating the ileocolic vessel or intermediate branches of 
the superior mesenteric vessel. However, it is important to 
note that during mesenteric lengthening techniques, there is 
a risk of perfusion deterioration, which can increase the rate 
of pouch-related complications, potentially reaching up to 
20% [31]. Hence, using ICG-FI for perfusion assessment during 
mesentery lengthening may mitigate the risk of pouch failure. 
In a retrospective study involving 16 patients with ileal pouch-
anal anastomosis, perfusion was assessed using ICG in both 

Table 2. Protocols of vascular visualization in prospective studies

Study Year Sample  
size (n) Type of surgery Disease Detection  

time
Dose of  

ICG (mg/kg)
Fluorescence 

system

Boni et al. [9] 2017   42 LAR Rectal cancer 30–45 sec 0.2 Karl Storz
De Nardi et al. [24] 2020 240 LC or AR Benign/malignancy 1 min 0.3 Karl Storz
Alekseev et al. [25] 2020 380 LC or AR Benign/malignancy 2–3 min 0.2 Karl Storz
Skrovina et al. [36] 2020 100 LAR Malignancy NA 0.2 Karl Storz
Benčurik et al. [18] 2021 100 LAR Rectal cancer 1 min 0.2 Karl Storz
Yanagita et al. [37] 2021 384 LC or AR Left colon/rectal cancer NA 0.1 Karl Storz

ICG, indocyanine green; LAR, low anterior resection; LC, left colectomy; AR, anterior resection; Lt, left; NA, not available.

Table 1. Anastomotic leakage (AL) in prospective and RCT studies

Study Year Sample  
size (n)

Type of
surgery Disease Elective/ 

emergency

AL rate (%)
P-value

ICG Non-ICG

Boni et al. [9] 2017   42 LAR Rectal cancer NA   0.0   5.0 NS
Alekseev et al.  [25] 2020 (RCT) 380 LC or AR Benign/Malignancy Elective   9.1 16.3 0.040
De Nardi et al.  [24] 2020 (RCT) 240 LC or AR Benign/Malignancy NA   5.0   9.0 0.200
Skrovina et al.  [36] 2020 100 LAR Rectal cancer Elective 10.0 18.0 0.163
Benčurik et al.  [18] 2021 100 LAR Rectal cancer Elective   9.0 19.0 0.042
Jafari et al.  [26] 2021 (RCT) 347 LAR Rectal cancer Elective   9.0 9.6 0.370
Yanagita et al.  [37] 2021 384 LC or AR Left colon/rectal cancer Elective   3.2 10.8 0.046

RCT, randomized controlled trial; ICG, indocyanine green; LAR, low anterior resection; LC, left colectomy; AR, anterior resection; NS, 
not statistically significant; NA, not available.
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intraluminal and extraluminal pouch. Notably, there were no 
cases of pouch ischemia; however, 2 cases of AL were reported 
[32].

As mentioned earlier, the absence of standardized protocols 
for the application and interpretation of ICG is the foremost 
issue affecting the practical implementation of this technique. 
One limitation of ICG-guided surgery for perfusion assessment 
is the subjective judgment of the surgeon. Surgeons may 
interpret ICG-FI differently when evaluating bowel perfusion, 
potentially resulting in variations in their interpretations [33]. 
To overcome the drawback of subjectivity, several quantitative 
assessments were introduced, measuring fluorescence intensity 
[34,35].

Additionally, the dosage and timing of evaluations constitute 
another crucial concern. In multiple studies, the typical dosage 
commonly used was in the range of 0.2–0.3 mg/kg [18,24,25,36]. 
The identification of bowel perfusion can typically be observed 
within a timeframe ranging from 30 seconds to 3 minutes 
[9,18,24,25,37]. ICG was primarily employed to determine the 
bowel transection line. ICG is injected intravenously after 
the division of the mesentery at the level of the planned 
transection. After ICG injection, vascular perfusion was then 
observed by an NIR camera system within seconds to minutes. 
If uniform blue light emission was detected and a clear 
demarcation line appeared, bowel transection was performed 
guided by ICG-FI. If vascular perfusion was judged to be poor, 
the transection line of the bowel would be changed to another 
site with good vascular perfusion under the NIR camera system, 

with an anastomosis fashioned at the new transection plane. 
Some studies have reported introducing an NIR scope through a 
transanal approach for intraluminal assessment after colorectal 
anastomosis, demonstrating that it is safe and feasible to 
evaluate mucosal perfusion of the anastomosis [38,39].

LYMPHATIC VISUALIZATION

Lymphatic mapping
When ICG is administered via injection into the submucosal 

or subserosal layers surrounding the tumor, it enables the 
visualization of lymphatic structures through NIR imaging 
[40]. ICG injected near the tumor is taken up by lymphatics 
and binds to protein to travel to the lymph nodes where it is 
deposited in macrophages [41]. Theoretically, ICG-FI provides 
a lymphatic map that accentuates the lymphatic drainage 
pathways originating from the primary tumor within the 
mesentery (Fig. 2).

This lymphatic mapping can assist in identifying the 
optimal mesocolic resection margin, leading to the retrieval 
of optimized lymph nodes and potentially improving overall 
survival (Table 3). 

Two prospective trials have demonstrated clinical outcomes 
of ICG lymphatic mapping in CRC surgery. The GREENLIGHT 
trial was designed to investigate the clinical relevance of a D3 
ICG-guided lymph node dissection in CRC. An interim analysis 
of the trial on the first 70 cases was reported in 2022 [42]. 
ICG lymphatic mapping identified the aberrant lymph nodes 
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Fig. 2. Fluorescence lymph node 
mapping using 3 different NIR 
imaging systems. (A–C) Stryker, 
1588 AIM camera system; (D–F) 
Karl Storz, IMAGE1 S; and (G–
I) Olympus, CLV-S200-IR. (A), 
(D), and (G) show the mesentery 
of the colon under white light. 
Adapted from Ahn et al. [41], 
according to the Creative Com
mons License.
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and changed in the extension of the D3 lymphadenectomy 
in 50% of patients that would have been performed based on 
anatomical landmarks under white light vision. In another 
prospective randomized trial involving D3 lymph node 
dissection in sigmoid and rectal cancer, the ICG-guided surgery 
group, as compared to the conventional group using white 
light laparoscopy, harvested an additional 2 lymph nodes. 
Nevertheless, there was no significant difference in metastatic 
lymph node yields [43]. These studies demonstrated the 
feasibility of using ICG-guided surgery for D3 lymph node 
dissection in CRC surgery [42,43].

Preoperative or intraoperative ICG injections are performed 
for lymphatic mapping and sentinel node identification 
[41,42,44,45]. Preoperative ICG injection entails the endoscopic 
submucosal injection of ICG for 1 to 2 days prior to surgery. ICG 
is injected into the submucosal layer in close proximity to the 
tumor, using an injection needle under colonoscopic guidance. 
Intraoperatively, ICG is injected into the subserosa near the 
tumor, and subsequent to the subserosal injection during 
surgery, lymphatic mapping can be discerned within a few 
minutes. The time required for ICG to reach and be identified 
in the lymph nodes can vary, as reported in studies, with one 
study suggesting that this process is frequently observed within 
a timeframe of 30–60 minutes [46]. ICG dosages have varied 
widely, ranging from 1 to 20 mg. However, in recent studies, 
it has been reported that approximately 0.2–0.5 mL of ICG 
solution (2.5 mg/mL) is commonly employed [41,44-46] (Fig. 3). 

Preoperative ICG injection by colonoscopy may provide more 
precise visualization of lymphatic drainage [47]. Alternatively, 
subserosal injection is a feasible approach and provides the 
advantage of reducing the risk of extravasation [40,44].

Sentinel node identification
The SLN is defined as the initial node in the nearby 

lymphatic system that receives drainage from the primary 
tumor. Techniques such as radioisotope or dye injection are 
used for its identification. In the context of breast cancer, a 
SLN biopsy (SLNB) is commonly performed to assess the status 
of axillary lymph nodes in cases where there is no clinical 
evidence of lymph node involvement. Recently, the concept of 

SLNB has been expanded to include gastrointestinal cancers 
[48-50]. This approach offers a significant advantage in CRC 
by enabling the detection of metastases and micro-metastases 
through a focused examination of a limited number of lymph 
nodes, theoretically. This improved accuracy aids in the staging 
of CRC. Detection rate and sensitivity, however, were not 
enough to apply this method in clinical practice.

Some recent meta-analyses have reported on the detection 
rates and sensitivities of SLN mapping. In the meta-analysis 
conducted by Ankersmit et al. [48], which focused on 
laparoscopic colon cancer surgery, a detection rate of 89.7% 
and sensitivity of 44.0% were reported. Another meta-analysis 
conducted by Villegas-Tovar et al. [49] reported a detection 
rate of 91.0% and a sensitivity of 64.3%. Notably, colon cancer 
exhibited significantly higher sensitivity in comparison to 
colorectal and rectal cancer with an estimated OR of 0.655 

Table 3. Harvested lymph node yields through lymphatic mapping in prospective studies

Study Year Sample 
size (n) Disease Injection 

site
Dose of  
ICG (mg)

Lymph node yield (n)
P-value

ICG Non-ICG

Chand et al. [40] 2018 10 Colon cancer SS 2–6.6 22 (14–49)a)

Wan et al. [43] 2022 66 Sigmoid/rectal cancer SM 5–7 28 (11–57)a) 19 (9–32)a) 0.001
Kinoshita et al. [46] 2023 56 Colon cancer SS 0.5–1.25 29.5 (18.8–41.3)b)

ICG, indocyanine green; SS, subserosal; SM, submucosal.
a)Median (range) and b)mean (interquartile range).
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Fig. 3. Optimal indocyanine green (ICG) tattooing protocol. 
Within a submucosal ICG injection dosage of 0.5–1.0 mg, 
the protocol was optimized as the highest success rate 
of fluorescence lymph node mapping along with tumor 
localization and ICG angiography during a single surgery. 
Adapted from Ahn et al. [41], according to the Creative 
Commons License.
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(95% CI, 0.548–0.762; P < 0.001). Additionally, laparoscopic 
surgery demonstrated higher sensitivity than open surgery, 
with an estimated OR of 0.677 (95% CI, 0.543–0.812; P < 0.001). 
Burghgraef et al. [50] compared early and advanced T-stage 
tumors. They reported detection rates and sensitivities of 
91.0% and 80.0% for T1–T2 tumors, and 90.0% and 30.0% for 
T3–T4 tumors, respectively. These findings underscore the 
effectiveness of SLN mapping, particularly in the laparoscopic 
approach and early T-stage colon cancer. While researchers have 
made efforts to assess the efficacy of SLNB in colorectal surgery, 
it’s crucial to acknowledge that sensitivity values reported in 
these studies display significant variability. Consequently, there 
is an ongoing need for higher-quality research to provide a more 
comprehensive evaluation of the utility of ICG SLN mapping.

Lateral pelvic lymph node dissection
While lateral pelvic lymph node (LPLN) metastasis was 

traditionally viewed as systemic metastasis in rectal cancer, 
there has been a growing recognition that neoadjuvant 
chemoradiotherapy alone may not be sufficient in preventing 
lateral pelvic recurrence. Consequently, there has been a 
significant surge in interest regarding the role of LPLNs in the 
treatment of rectal cancer [51-54]. The lateral pelvic wall has 
a narrow and deep configuration, densely filled with blood 
vessels and nerve plexuses. As a result, identifying enlarged 
LPLNs and dissecting the lymph nodes without injuring other 
structures can be challenging, and identification of involved 

lymph nodes can also pose difficulties. However, with ICG-
guided surgery, intraoperative blood loss can be reduced, and 
a greater number of LPLNs can be harvested [55,56] (Table 4). 
Furthermore, by applying 3-dimensional (3D) reconstruction 
and ICG image-guidance technique for LPLN dissection (LPLND), 
accurate localization of suspicious LPLNs would be achieved. 
The suspicious LPLNs among ICG-bearing lymph nodes can be 
definitely identified intraoperatively by comparing them with 
the preoperatively reconstructed 3D images [57]. Thereby, ICG-
guided surgery offers advantages in terms of surgery accuracy, 
completeness, and safety in LPLND. However, it’s important 
to note that the presence of ICG in a lymph node does not 
guarantee that it is a metastatic lymph node. Hence, the 
translation of obtaining a greater number of LPLNs with ICG 
guidance into a direct oncologic benefit necessitates further 
investigation.

There is little study on oncologic outcomes according to 
employing the ICG technique. Watanabe et al. [58] reported the 
long-term oncologic outcomes of ICG-guided LPLND, revealing 
a 3-year cumulative lateral local recurrence rate of 0% in the 
ICG group compared to 9.3% in the non-ICG group. This study 
demonstrated that ICG-guided laparoscopic LPLND results in a 
lower rate of lateral local recurrence. The indication for LPLND 
can be determined through SLNB of LPLNs. Several studies 
adopted a procedure in which ICG is injected after the induction 
of general anesthesia, with the patient placed in the lithotomy 
position (Table 5). Using either an anal dilator or sigmoidoscope, 

Table 4. Harvested lymph node yields of lateral pelvic lymph node dissection with ICG-FI

Study Year Sample  
size (n)

Dose of 
ICG (mg)

Injection 
site Route

Lymph node yield (n)
P-value

ICG ICG

Zhou et al. [55] 2019   42 0.4 SM Transanal 11.5 ± 5.9 7.1 ± 4.8   0.017
Kim et al. [57] 2020   10 2.5 SM Transanal 12 (6–26)a)

Dai et al. [56] 2022   50 2.5 SM NA 19.2 ± 6.6 15.0 ± 4.6   0.024
Watanabe et al. [58] 2023 172 2.5 SM Sigmoidiscope   14 (10–18)b) 9 (5–11) <0.001

ICG, indocyanine green; FI, fluorescence imaging; SM, submucosal; NA, not available.
Values of lymph node yield are shown as mean ± standard deviation, a)median (range), and b)median (interquartile range).

Table 5. Protocols of lateral pelvic lymph node dissection

Study Year Sample  
size (n)

Dose of ICG 
(mg)

Injection 
site Route Injection timing In/Ex vivo

Noura et al. [80] 2010   25 5 SM NA After anesthesia In vivo
Zhou et al. [55] 2019   42 0.4 SM Transanal dilator After anesthesia In vivo
Kim et al. [57] 2020   10 2.5 SM Transanal dilator 3–5 hr before operation In vivo
Yasui et al. [60] 2021   21 5 SM NA After anesthesia In vivo
Dai et al. [56] 2022   50 2.5 SM NA After anesthesia In vivo
Su et al. [59] 2023   23   1.25 SM Transanal dilator After anesthesia In vivo
Watanabe et al. [58] 2023 172 2.5 SM Sigmoidoscope After anesthesia In vivo

ICG, indocyanine green; SM, submucosal; NA, not available.
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a total of 1.0–1.5 mL of ICG (25 mg/10 mL) is locally injected 
into the submucosal layer, divided into 3–4 injections around 
the tumor [56,58,59].

In recent studies, patients with rectal cancer and no evidence 
of lymph node enlargement underwent SLNB followed by 
LPLND. Among patients without SLN metastasis, all dissected 
lateral non-SLNs were found to be negative, indicating the 
absence of false-negative cases [59,60]. This suggests the 
possibility of proposing a strategy for determining the need 
for LPLND through SLNB. However, the sample size in these 
studies was lower than 30 cases, so further large cohort 
research is needed. 

TUMOR VISUALIZATION

Peritoneal metastasis 
Intraoperative detection of peritoneal metastasis (PM) 

currently relies on a surgeon’s manual palpation and visual 
assessment while staging laparoscopy and laparotomy. However, 
some small nodules can be missed during visual inspection. 
Disease progression can occur shortly after surgery from these 
peritoneal implants. 

The use of new diagnostic imaging techniques such as ICG-
FI could clearly increase the intraoperative detection of PMs 
allowing accurate, complete surgical resection and possibly 
improving the prognosis of patients. In 2013, Satou et al. [61] 
first reported that peritoneal metastases from hepatocellular 
carcinoma accumulate ICG after intravenous injection, emit 
fluorescence, and can be detected by NIR camera. Subsequently, 
Barabino et al. [62] and Liberale et al. [63] reported that 
peritoneal carcinomatosis from CRC can be visualized 
intraoperatively using ICG-FI.

Although ICG is not a cancer-specific binding molecule, it 
allows for the identification of cancer by accumulating in it 
and emitting fluorescence. The mechanism most frequently 
introduced in the literature to explain this phenomenon 
is the enhanced permeability and retention (EPR) effect 
in solid tumors [64,65]. The tumors often exhibit distinct 
pathophysiological characteristics that are not present in 
normal tissues or organs. These include features like extensive 
angiogenesis leading to hypervascularization, flawed vascular 
structure, compromised lymphatic drainage systems, and a 
substantial elevation in the production of various permeability 
mediators. The phenomenon recognized as the EPR effect 
has been universally observed in solid tumors for lipid and 
macromolecular agents. ICG primarily binds to serum albumin 
and other serum globulins after intravenous injection, behaving 
like a macromolecule as it circulates. The EPR effect leads to 
the leakage of ICG-bound molecules into the extravascular 
space. Extravascular ICG accumulation allows for the detection 
of tumors by emitting fluorescence that contrasts with the 

surrounding normal tissue [66].
Some reports have indicated that the utilization of ICG-FI 

leads to more precise detection of PM. This allows for more 
patients to be optimally staged, potentially leading to suitable 
treatment and improved overall survival rates. 

A pilot study examined 63 peritoneal resected nodules with 
the ICG-FI method in 14 patients, revealing that 84% of these 
were malignant. This study demonstrated that nonmucinous 
PM of CRC can be visualized intraoperatively using ICG-FI 
[63]. NIR probe is capable of detecting fluorescent lesions of 
approximately 1–2 mm in size [62]. In cytoreductive surgery, 
cytoreduction aims to achieve a residual tumor size no larger 
than 2.5 mm. The completeness of cytoreduction is one of the 
most important prognostic factors for survival in peritoneal 
carcinomatosis [67]. A prospective study reported that 
sensitivity increased from 76.9% with conventional diagnostic 
procedures to 96.9% with ICG-FI, indicating that intraoperative 
ICG-FI can enhance the completeness of cytoreduction [68]. 
To detect small lesions objectively, a quantitative assessment 
of ICG-FI was evaluated and, in a recent study, it has been 
reported that an ICG uptake value of 181 units or higher is 
indicative of a high likelihood of malignancy [69]. A recent 
systematic review highlighted that ICG-FI for peritoneal 
carcinomatosis is a promising intraoperative tool for the 
detection of peritoneal seedings. However, it’s important to 
acknowledge that significant variability in the sensitivity 
of ICG-FI for the detection of PM is observed, with reported 
values spanning from 72.4% to 96.9% [70]. Furthermore, some 
studies have reported the detection of PMs as small as 1–2 mm 
[62,63]; however, there remains controversy regarding whether 
ICG-based detection is superior to visual inspection during 
laparoscopy or laparotomy for detecting very small lesions.

There are very limited data about ICG dosage and imaging 
timing for detecting PMs from CRC. In most studies, 0.25 mg/
kg of ICG was injected intravenously, and the injection timing 
varied depending on the study [62,63,68,69]. Barabino et al. 
[62] administered ICG 24 hours before surgery and reported 
a sensitivity of 72.4%. González-Abós et al. [69] administered 
ICG 12 hours before surgery and performed intraoperative 
quantitative assessment. They considered it malignant when 
it measured above 181 units, resulting in a sensitivity of 
89.0%. Liberale et al. [63] and Lieto et al. [68] administered ICG 
intraoperatively after complete exposure of the abdominal 
cavity and reported sensitivities of 87.5% and 96.9%, respectively. 
Further research is needed on the optimal injection timing and 
dosage of ICG for detecting PMs.

Hepatic metastasis
Resectability of CRC liver metastasis (CRLM) plays a crucial 

role in the outcome [71,72]. However, even when CRLM is 
considered resectable before surgery, surgeons often face 
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challenges in accurately identifying these metastases during 
the surgical procedure. It is well known that intraoperative 
ultrasound (IOUS) offers identification of CRLM undetectable 
by the naked eye [73]. ICG-FI has also been demonstrated as an 
effective tool for detecting hepatic metastasis [66]. To enhance 
the detection of metastatic liver lesions in CRC patients, a 
combined approach utilizing IOUS and ICG-FI was introduced 
and examined [74]. This study revealed that the combination 
of ICG-FI and IOUS outperforms IOUS alone, particularly in the 
detection of lesions smaller than 3 mm [74]. ICG accumulates 
within cancerous tissues following intravenous administration 
before surgery, making ICG-FI applicable for the detection of 
CRLM. The presence of ICG in metastatic liver tumors can be 
attributed to disruptions in biliary excretion. These disruptions 
may arise from structural obstructions within the biliary 
system or a functional decline in biliary transport. As a result, 
ICG accumulates within cancerous tissues. A recent clinical trial 
demonstrated improved oncologic outcomes with a lower 1-year 
recurrence rate in the ICG-FI group compared to the non–ICG-
FI group [75]. However, a significant limitation of this approach 
is its ability to detect only lesions on the liver surface. Further 
research is warranted to address and overcome this limitation.

Tattooing
Minimally invasive surgery presents challenges in the 

identification of neoplasms due to the absence of tactile 
sensation. It is important to identify the tumor’s location to 
ensure adequate margins for resection and lymphadenectomy. 
To achieve tumor localization, preoperative endoscopic 
tattooing has been employed, particularly in cases of early colon 
cancer and radical surgery following incomplete endoscopic 
resection. Several substances have served as markers, including 
methylene blue, indigo carmine, and ICG. However, only India 
ink and ICG have demonstrated visibility for up to 48 hours 
after injection [76]. Miyoshi et al. [77] reported that they 
injected 12.5 mg of ICG near the tumor using an endoscope 
before surgery, and they were able to identify the marking on 
the white light image during laparoscopic surgery. During the 
same period, Watanabe et al. [78] demonstrated that FI allows 
for detection with lower concentrations of ICG, which is 1.25 
mg. In a recent meta-analysis, it was noted that several studies 
employed the ICG injection method in the following manner: 
ICG (25 mg) was mixed with sterile water or normal saline, 
yielding a final solution with concentrations ranging from 2.5 
to 12.5 mg/mL. The injection volume varied from 0.1 to 1.5 
mL of the solution, administered at 1–4 sites near the tumor 
[79]. Considering ICG can be applied multifunctionally, such as 
lymphatic mapping and angiography, during a single surgery, 
Ahn et al. [41] suggested that 0.5–1 mg of ICG for preoperative 
endoscopic tattooing may be optimal. Using ICG-FI is a reliable 
approach for marking the tumor site, provided that ICG is 

injected into the submucosal layer around the tumor before 
laparoscopic or robotic colorectal surgery.

CONCLUSION
ICG-FI offers valuable visualization of vessels, lymphatics, and 

tumors in colorectal surgery. Its application has demonstrated 
promise in achieving favorable clinical outcomes, including 
a reduction in AL and improved lymphadenectomy. These 
findings emphasize the potential advantages of incorporating 
ICG-FI into colorectal surgical practice, providing enhanced 
intraoperative guidance and potentially leading to improved 
patient outcomes. However, for practical utilization, 
standardization of protocols is essential, and the development 
of objective evaluation methods is necessary. Additionally, in 
the context of tumor surgery, it is important to recognize that 
the presence of tumors visualized with ICG does not necessarily 
indicate metastasis. Therefore, careful consideration is required 
to determine how to utilize ICG not merely for the purpose 
of achieving more extensive resections but rather to enhance 
oncological outcomes.
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