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ABSTRACT 

Objective: To critically evaluate current evidence regarding the clinical utility, effectiveness, and limitations of indocyanine 
green (ICG) fluorescence imaging in oncologic surgery, with particular emphasis on sentinel lymph node mapping and tumor 
margin assessment. 
Methods: A narrative literature review was conducted using the PubMed database. Studies published between 2013 and 
2025 were analyzed, including clinical studies, randomized trials, systematic reviews, meta-analyses, consensus statements, 
and methodological papers addressing oncologic applications of ICG fluorescence imaging. 
Results: Strong evidence supports the use of ICG fluorescence imaging in sentinel lymph node mapping across colorectal, 
gastric, breast, and gynecologic cancers. The technique improves visualization of lymphatic pathways and facilitates 
intraoperative navigation. Evidence regarding tumor margin assessment remains heterogeneous, with diagnostic 
performance limited by the non-specific accumulation of ICG and variability among imaging protocols. 
Conclusions: ICG fluorescence imaging is an effective and increasingly valuable tool in oncologic surgery, particularly for 
sentinel lymph node mapping. However, its role in tumor margin assessment remains less established. Further 
standardization and development of tumor-specific fluorescence agents are required to optimize clinical applications. 
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Indocyanine Green (ICG), Fluorescence-Guided Surgery, Surgical Oncology, Sentinel Lymph Node Mapping, Tumor 
Margin Assessment, Near-Infrared Fluorescence Imaging 
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Introduction 
Fluorescence-guided surgery (FGS) has emerged in recent years as an important advancement in 

intraoperative imaging, enabling surgeons to enhance visualization of anatomical structures and pathological 

tissues beyond the capabilities of conventional white-light surgery. Among the currently available 

fluorophores, indocyanine green (ICG) remains the most widely used agent due to its favorable safety profile, 

real-time imaging capabilities, and compatibility with near-infrared (NIR) imaging systems (Nagaya et al., 

2017, (European Association for Endoscopic Surgery [EAES], 2023). The development of modern imaging 

platforms and increasing clinical experience have led to a rapid expansion of ICG applications across multiple 

surgical disciplines, particularly in oncologic surgery (Coco & Leanza, 2024, Mytych et al., 2025) 

ICG fluorescence imaging is based on the emission of near-infrared light following excitation, allowing 

visualization of tissue perfusion, lymphatic drainage, and selected pathological processes. Its optical properties 

enable deeper tissue penetration compared to visible light, although still limited to several millimeters, and 

provide a favorable signal-to-background ratio under appropriate conditions (European Association for 
Endoscopic Surgery [EAES], 2023, Mytych et al., 2025). These characteristics have facilitated the integration 

of ICG into clinical practice, especially in minimally invasive and robotic procedures, where visual guidance 

plays a critical role (Fransvea et al., 2024) 

One of the most well-established applications of ICG fluorescence imaging in oncology is sentinel 

lymph node (SLN) mapping. The technique allows real-time visualization of lymphatic pathways and 

identification of first-echelon lymph nodes, which are crucial for accurate staging and treatment planning. 

Evidence from multiple studies demonstrates that ICG-based SLN mapping achieves high detection rates 

across various malignancies, including colorectal, gastric, breast, and gynecologic cancers. (Li et al., 2023, 

Arkan et al., 2025, Loverro et al., 2024, Leiloglou et al., 2022) In particular, recent studies have confirmed its 

effectiveness in colorectal and gastric cancer surgery, where it may improve the precision of lymphadenectomy 

and support oncological outcomes. Similarly, in gynecologic oncology and breast surgery, ICG has been 
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shown to be at least comparable, and in some settings superior, to conventional techniques such as blue dye or 

radiocolloid tracers (Litchinko et al., 2025, Fernandes et al., 2025, Arkan et al., 2025). 

Early clinical studies combining fluorescence and radio-guided techniques further support the feasibility 

and clinical utility of this approach. 

Despite the growing evidence supporting its role in SLN mapping, the application of ICG fluorescence 

imaging in tumor margin assessment remains more controversial. Accurate intraoperative identification of 

tumor boundaries is a key determinant of surgical radicality and long-term oncological outcomes. Several 

studies have explored the use of fluorescence imaging to improve intraoperative tumor visualization, 

particularly in head and neck cancer, breast cancer, and thoracic malignancies (Leiloglou et al., 2022, 

Gowrishankar et al., 2025, White et al., 2024, Keating et al., 2017). These investigations suggest that ICG may 

assist in detecting tumor tissue or metastatic lesions and in guiding resection; however, its performance is 

limited by the lack of tumor-specific accumulation and dependence on perfusion-related mechanisms (Zajac 

et al., 2024). As a result, fluorescence signals may not reliably distinguish malignant from non-malignant 

tissues, which restricts its use as a standalone tool for margin assessment. 

Beyond SLN mapping and margin assessment, ICG fluorescence imaging has been increasingly applied 

in various oncologic procedures to support intraoperative decision-making. In colorectal surgery, it is used not 

only for lymphatic mapping but also for evaluation of bowel perfusion and anastomotic viability (Keating et 
al., 2017, Garoufalia & Wexner, 2023). In hepatobiliary and pancreatic surgery, ICG enables visualization of 

liver tumors, metastases, and biliary anatomy, contributing to improved surgical planning and intraoperative 

orientation [17–21]. Similarly, in pediatric oncology and minimally invasive procedures, fluorescence 

guidance has demonstrated potential benefits in tumor localization and preservation of healthy tissue (Simons 

et al., 2026). Long-term follow-up studies also suggest that fluorescence-guided resections may contribute to 

improved oncological outcomes in selected patient populations. (Handgraaf et al., 2017) 

The expanding clinical use of ICG has been accompanied by the development of advanced imaging 

systems and standardization efforts. Consensus statements, such as those issued by the European Association 

for Endoscopic Surgery (EAES), emphasize both the clinical potential of fluorescence-guided surgery and the 

need for standardized protocols regarding dosing, timing of administration, and imaging techniques (European 

Association for Endoscopic Surgery [EAES], 2023). At the same time, technological advancements in imaging 

platforms and fluorescence detection systems continue to improve image quality and facilitate broader 

implementation of this modality (Li et al., 2025). 

Despite these advances, several limitations remain. The lack of tumor specificity, variability in imaging 

protocols, and limited tissue penetration of near-infrared light contribute to heterogeneity in clinical outcomes 

and restrict the applicability of ICG in certain oncologic scenarios. Furthermore, differences in study design 

and patient populations make it difficult to directly compare results across studies and to establish uniform 

clinical guidelines (Coco & Leanza, 2024, Fransvea et al., 2024, Li et al., 2023). 

Given these considerations, a critical evaluation of the current evidence is necessary to better define the 

role of ICG fluorescence imaging in oncologic surgery. In particular, it is important to distinguish between 

applications with well-established clinical utility, such as sentinel lymph node mapping, and those that remain 

investigational or limited, such as intraoperative tumor margin assessment. 

Aim of This Study 
The aim of this study was to critically evaluate current evidence on the clinical utility, effectiveness, and 

limitations of ICG fluorescence imaging in oncologic surgery, with particular emphasis on sentinel lymph node 

mapping and intraoperative assessment of tumor extent and resection margins. 

Materials and Methods 
This study was prepared as a narrative review of the literature concerning the use of indocyanine green 

(ICG) fluorescence imaging in oncologic surgery. The methodological approach was based on qualitative 

analysis of published evidence and adapted to the structure commonly used in review papers accepted for 

publication in the Journal of Education, Health and Sport. The review was designed to summarize current 

clinical applications of fluorescence-guided surgery (FGS), with particular emphasis on sentinel lymph node 

mapping, intraoperative tumor visualization, margin assessment, and selected procedure-specific applications 

of ICG in surgical oncology. 
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The literature search was conducted using the PubMed database, with additional access to full-text 

articles available through PubMed Central where possible. The analysis included papers published between 

2013 and 2025, which made it possible to incorporate both earlier clinically relevant studies and more recent 

reviews, meta-analyses, and consensus papers. The search strategy was based on combinations of the following 

terms: “indocyanine green”, “fluorescence-guided surgery”, “near-infrared imaging”, “oncologic surgery”, 

“sentinel lymph node”, “tumor margin”, “tumor visualization”, “perfusion”, and “intraoperative imaging”. The 

final selection of articles was additionally supported by manual review of references cited in key review papers 

and consensus statements addressing fluorescence-guided surgery and ICG-based imaging (Nagaya et al., 2017, 

European Association for Endoscopic Surgery [EAES], 2023, Coco & Leanza, 2024, Mytych et al., 2025, 

Fransvea et al., 2024, Li et al., 2023). 

Only articles directly related to oncologic applications of ICG fluorescence imaging were included in 

the review. Priority was given to systematic reviews, meta-analyses, consensus statements, clinically oriented 

narrative reviews, and original studies evaluating the usefulness of ICG in specific oncologic settings. 

Particular attention was paid to studies concerning sentinel lymph node mapping in colorectal, gastric, and 

gynecologic cancers (Litchinko et al., 2025, Fernandes et al., 2025, Li et al., 2023, Arkan et al., 2025, Loverro 

et al., 2024), as well as to papers discussing tumor visualization, resection guidance, and intraoperative 

assessment of disease extent in head and neck, thoracic, hepatobiliary, pancreatic, and pediatric oncologic 
surgery (Leiloglou et al., 2022, Gowrishankar et al., 2025, White et al., 2024, Keating et al., 2017, Tufo et al., 

2025, Baiocchi et al., 2018, Zhou et al., 2024, Franz et al., 2025, Simons et al., 2026). Technical and 

methodological studies were also included when they contributed significantly to understanding the 

photophysical basis of ICG fluorescence, delayed fluorescence mechanisms, image processing, or the 

development of modern fluorescence-guided systems (Mytych et al., 2025, Leiloglou et al., 2022, Zajac et al., 

2024, Li et al., 2025, Landau et al., 2016). 

Articles focused exclusively on non-oncologic use of ICG were not considered unless they provided 

relevant technical or methodological data applicable to cancer surgery. Because the selected literature was 

heterogeneous in terms of study design, patient population, clinical indications, and operative technique, no 

quantitative meta-analysis was performed within the present review. Instead, the collected evidence was 

synthesized descriptively, with emphasis on the clinical relevance of findings, differences between surgical 

subspecialties, and the current limitations affecting interpretation and implementation of fluorescence-guided 

approaches (European Association for Endoscopic Surgery [EAES], 2023, Coco & Leanza, 2024, Fransvea et 

al., 2024, Li et al., 2023). 

The analysis was organized around the main domains emerging from the reviewed literature, namely 

sentinel lymph node mapping, intraoperative tumor visualization and margin assessment, perfusion-related 

applications of ICG during oncologic procedures, and selected organ-specific uses in gastrointestinal, 

hepatobiliary, pancreatic, and pediatric oncology. In addition, the review considered broader technological 

developments and future directions in fluorescence imaging, including standardization efforts, consensus 

recommendations, and the potential role of advanced image analysis and artificial intelligence-assisted 

fluorescence imaging. 

Results 
The literature included in this review demonstrates a broad and expanding spectrum of clinical 

applications of indocyanine green (ICG) fluorescence imaging in oncologic surgery. The analyzed studies 

encompassed systematic reviews, meta-analyses, narrative reviews, and original clinical investigations, 

covering multiple surgical specialties and tumor types. The available evidence can be grouped into several 

major domains: sentinel lymph node mapping, tumor visualization and margin assessment, perfusion-related 

applications, and organ-specific uses in oncologic surgery. 

The most consistent and well-documented findings concern the use of ICG fluorescence imaging in 

sentinel lymph node (SLN) mapping. Across multiple studies, ICG has been shown to enable reliable 

visualization of lymphatic drainage pathways and accurate identification of sentinel lymph nodes in colorectal, 

gastric, and gynecologic cancers [6–10]. Systematic reviews and meta-analyses indicate that ICG-guided 

lymphatic mapping provides high detection rates and facilitates more precise lymphadenectomy, particularly 

in minimally invasive procedures (Litchinko et al., 2025, Fernandes et al., 2025). Comparative clinical studies 

further suggest that ICG may offer advantages over conventional tracers such as methylene blue, including 

improved visualization and ease of intraoperative use (Arkan et al., 2025). In gynecologic oncology, 
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fluorescence-guided SLN mapping has been increasingly adopted due to its favorable safety profile and 

reproducibility (Loverro et al., 2024). 

In addition to lymphatic mapping, a substantial portion of the literature addresses the role of ICG in 

tumor visualization and intraoperative assessment of disease extent. Studies in head and neck cancer, breast 

surgery, and thoracic oncology demonstrate that fluorescence imaging can assist in identifying tumor tissue 

and metastatic lesions during surgery (Gowrishankar et al., 2025, White et al., 2024, Bargon et al., 2022, 

Keating et al., 2017). In particular, near-infrared fluorescence imaging has been shown to improve detection 

of metastatic lymph nodes and small lesions that may not be visible under conventional imaging conditions 

(White et al., 2024, Keating et al., 2017). Image processing techniques and quantitative fluorescence analysis 

have also been explored as potential methods to enhance tumor delineation, especially in breast cancer surgery 

(Leiloglou et al., 2022, Bargon et al., 2022). However, the effectiveness of ICG in this context is variable and 

depends on tumor type, vascularization, and imaging protocol. 

A key limitation identified across the reviewed studies is the non-specific mechanism of ICG 

accumulation. The distribution of ICG is primarily influenced by tissue perfusion and vascular permeability 

rather than tumor-specific binding, resulting in heterogeneous fluorescence patterns and reduced specificity 

for tumor detection (Mytych et al., 2025, Zajac et al., 2024). This limitation is consistently reported across 

different surgical settings and represents a major factor restricting the reliability of ICG for precise margin 
assessment. 

The reviewed literature also highlights the important role of ICG fluorescence imaging in perfusion 

assessment. In colorectal surgery, fluorescence angiography has been widely used to evaluate bowel 

vascularization and anastomotic viability, with studies suggesting a potential reduction in postoperative 

complications such as anastomotic leakage (Garoufalia & Wexner, 2023, Wu et al., 2021). Similar applications 

have been reported in hepatobiliary and pancreatic surgery, where ICG facilitates assessment of liver perfusion, 

biliary anatomy, and tumor localization (Tufo et al., 2025, Baiocchi et al., 2018, Zhou et al., 2024, Franz et al., 

2025). In these contexts, fluorescence imaging provides functional information that complements anatomical 

visualization and supports intraoperative decision-making. 

Organ-specific applications of ICG fluorescence imaging have been described across a wide range of 

oncologic procedures. In hepatobiliary surgery, fluorescence imaging has been used to detect liver tumors and 

metastases, as well as to guide resection strategies (Baiocchi et al., 2018, Zhou et al., 2024, Franz et al., 2025). 

In pancreatic surgery, ICG supports visualization of vascular structures and may improve operative safety 

(Tufo et al., 2025). In pediatric oncology, fluorescence-guided surgery has shown potential in tumor 

localization and tissue preservation, although clinical evidence remains limited and heterogeneous (Simons et 

al., 2026). Additionally, studies in urologic oncology suggest that ICG may assist in partial nephrectomy by 

improving visualization of tumor margins and renal perfusion, although variability in protocols remains a 

significant limitation (Munteanu et al., 2026). 

Technological developments represent another important aspect of the analyzed literature. Advances in 

fluorescence imaging systems, including improvements in camera sensitivity and real-time visualization, have 

contributed to the wider adoption of ICG in clinical practice (European Association for Endoscopic Surgery 

[EAES], 2023, Landau et al., 2016). Furthermore, emerging approaches integrating artificial intelligence and 

advanced image analysis techniques have demonstrated potential to enhance fluorescence signal interpretation 

and improve intraoperative accuracy (Li et al., 2025). 

Finally, long-term outcome data remain relatively limited but provide important insights into the clinical 

impact of fluorescence-guided surgery. Retrospective analyses in patients undergoing resection of colorectal 

liver metastases suggest that fluorescence-guided approaches may contribute to improved detection of lesions 

and potentially better oncological outcomes in selected cases (Handgraaf et al., 2017). However, these findings 

are based on non-randomized data and require confirmation in prospective studies. 

Overall, the analyzed literature indicates that ICG fluorescence imaging is a versatile tool with well-

established applications in sentinel lymph node mapping and perfusion assessment, and emerging roles in 

tumor visualization and intraoperative guidance. At the same time, variability in methodology, lack of 

standardization, and limited tumor specificity remain important challenges affecting its broader clinical 

implementation. 
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Discussion 
The present review highlights the growing role of indocyanine green (ICG) fluorescence imaging as an 

adjunct tool in oncologic surgery, with clearly differentiated clinical value depending on the specific 

application (Nagaya et al., 2017, European Association for Endoscopic Surgery [EAES], 2023). The analyzed 

studies consistently demonstrate that ICG fluorescence is highly effective in sentinel lymph node (SLN) 

mapping, whereas its utility in tumor margin assessment remains more limited and context-dependent 

(Litchinko et al., 2025, Fernandes et al., 2025, Li et al., 2023, Arkan et al., 2025, Loverro et al., 2024, Bargon 

et al., 2022).  

The high detection rates observed in SLN mapping across multiple malignancies confirm that ICG is a 

reliable and clinically valuable modality. Studies in colorectal, gastric, and gynecologic cancers have 

demonstrated high identification rates and consistent visualization of lymphatic drainage pathways (Litchinko 

et al., 2025, Fernandes et al., 2025, Li et al., 2023, Arkan et al., 2025, Loverro et al., 2024). 

. The ability to provide real-time intraoperative imaging represents a significant advantage over 

conventional techniques, facilitating more precise surgical navigation. Furthermore, the absence of ionizing 

radiation and a favorable safety profile contribute to the growing adoption of ICG in routine clinical practice 

(European Association for Endoscopic Surgery [EAES], 2023, Fransvea et al., 2024). 

Despite these advantages, variability in technique remains a significant limitation. Differences in 

injection protocols, timing of administration, and imaging systems have been shown to influence detection 

rates and reproducibility. This lack of standardization represents a key barrier to broader implementation and 

highlights the importance of consensus guidelines and protocol harmonization (European Association for 

Endoscopic Surgery [EAES], 2023, Coco & Leanza, 2024, Fransvea et al., 2024). 

In contrast, the role of ICG in tumor margin assessment is considerably more complex. Although 

fluorescence imaging may improve intraoperative visualization of tumor-associated perfusion and facilitate 

identification of suspicious areas, the fundamental limitation of ICG lies in its non-specific mechanism of 

accumulation (Mytych et al., 2025, Zajac et al., 2024). Unlike targeted fluorescent agents, ICG distribution is 

primarily dependent on vascular permeability and perfusion dynamics, which may result in heterogeneous 

signal intensity within tumor tissue (Zajac et al., 2024). Consequently, fluorescence signals do not always 

accurately correspond to tumor boundaries, leading to potential overestimation or underestimation of surgical 

margins (Bargon et al., 2022, Keating et al., 2017). 

This limitation is particularly evident in solid tumors characterized by heterogeneous vascularization 

and variable microenvironmental conditions (Zajac et al., 2024). Additionally, non-specific fluorescence may 

occur in inflamed or fibrotic tissues, further complicating intraoperative interpretation and reducing diagnostic 

specificity (Bargon et al., 2022, Keating et al., 2017). As a result, ICG fluorescence imaging cannot replace 

histopathological evaluation of surgical margins and should be considered a complementary tool rather than a 

definitive diagnostic modality (Gowrishankar et al., 2025, Bargon et al., 2022). 

Another important limitation is the relatively shallow penetration depth of near-infrared light, typically 

restricted to a few millimeters, which limits the detection of deeper lesions and reduces sensitivity in certain 

clinical scenarios (Mytych et al., 2025). This constraint further emphasizes the need for careful interpretation 

of fluorescence signals and appropriate integration with other intraoperative and imaging modalities. 

The comparison between SLN mapping and margin assessment underscores a fundamental difference 

in the clinical applicability of ICG. In lymphatic mapping, where the objective is to trace physiological 

drainage pathways, ICG demonstrates high reliability and reproducibility. In contrast, in tumor margin 

assessment, where high specificity is required, its performance is inherently limited by its non-targeted 

pharmacokinetics (Litchinko et al., 2025, Arkan et al., 2025, Bargon et al., 2022). 

Beyond these core applications, ICG fluorescence imaging has demonstrated additional value in 

perfusion assessment and intraoperative decision-making, particularly in colorectal and hepatobiliary surgery. 

The ability to evaluate tissue vascularization in real time may contribute to reducing postoperative 

complications and improving surgical safety (Garoufalia & Wexner, 2023, Wu et al., 2021). Similarly, in 

hepatobiliary and pancreatic procedures, fluorescence imaging supports anatomical orientation and lesion 

detection, thereby facilitating more precise resections (Tufo et al., 2025, Baiocchi et al., 2018, Zhou et al., 

2024, Franz et al., 2025). 

Recent advances in fluorescence-guided surgery aim to address current limitations through the 

development of tumor-specific fluorescent probes and improved imaging technologies. Experimental and early 

clinical studies suggest that targeted imaging agents may offer enhanced specificity and improved tumor 

delineation compared to ICG (Nagaya et al., 2017, Landau et al., 2016). In addition, the integration of artificial 
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intelligence and advanced image processing techniques into fluorescence imaging systems represents a 

promising direction for future research, with the potential to improve signal interpretation and reduce operator-

dependent variability (Li et al., 2025). 

Despite these developments, the clinical implementation of ICG fluorescence imaging remains limited 

by heterogeneity in study design, lack of standardized protocols, and variability in reported outcomes. Further 

high-quality prospective studies are required to better define its role across different oncologic settings and to 

establish evidence-based guidelines for its use. 

In summary, ICG fluorescence imaging represents a valuable adjunct in oncologic surgery, with well-

established applications in sentinel lymph node mapping and perfusion assessment, and more limited but 

evolving roles in tumor visualization and intraoperative guidance. Continued technological development and 

methodological standardization will be essential to fully realize the potential of fluorescence-guided surgery 

in clinical practice. 

Limitations of the Method 
Indocyanine green (ICG) fluorescence imaging in oncologic surgery is associated with several important 

technical, organizational, and diagnostic limitations. First, its use requires specialized near-infrared (NIR) 

imaging equipment, including dedicated light sources and detectors, which restricts its availability to well-

equipped centers with appropriately trained personnel. The cost of such equipment, along with the need for 

staff training, further limits widespread adoption, particularly outside specialized institutions. Additionally, 

logistical challenges must be considered, as the migration time of ICG, especially after peritumoral or 

intradermal injection, is relatively short, necessitating that surgical procedures be performed within a limited 

time window, often within several hours of administration, which requires precise coordination. 

From a diagnostic perspective, ICG fluorescence-guided surgery (FGS) plays a complementary rather 

than a substitutive role. It supports, but does not replace, traditional methods such as visual inspection, 

palpation, and preoperative imaging, and surgical decision-making continues to rely on comprehensive clinical 

assessment. Moreover, the technique is limited by the physical properties of fluorescence, allowing 

visualization primarily of superficial structures and lymphatic pathways, while deep, microscopic, or occult 

metastases may remain undetected. Its diagnostic performance also varies depending on the specific 

application and protocol. For example, in margin assessment following direct tumor injection, reported 

sensitivity and specificity are approximately 70% and 85%, respectively, indicating both its clinical utility and 

the need for cautious interpretation and histopathological confirmation. Importantly, as a real-time imaging 

modality, its effectiveness is highly operator-dependent and influenced by factors such as injection technique, 

device settings, and the experience of the surgical team. 

Regarding safety, ICG has a well-established clinical profile and is generally considered safe at standard 

doses. After intravenous administration, it binds to plasma proteins and is exclusively cleared by the liver into 

bile. Although adverse effects are rare, occasional allergic or anaphylactoid reactions have been reported, and 

surgical teams should be prepared to manage them. Furthermore, impaired liver function may alter the 

pharmacokinetics of ICG and affect fluorescence imaging quality, representing an additional limitation in 

certain patient populations (Szawłowski, 2024, Baranowska et al., 2023). 

Conclusions 
Indocyanine green fluorescence imaging represents a significant advancement in intraoperative 

visualization and has become an important adjunct in modern oncologic surgery (Nagaya et al., 2017, European 

Association for Endoscopic Surgery [EAES], 2023). The available evidence strongly supports its effectiveness 

in sentinel lymph node mapping, where it demonstrates high detection rates, safety, and practical advantages 

over traditional techniques (Litchinko et al., 2025, Fernandes et al., 2025, Li et al., 2023, Arkan et al., 2025, 

Loverro et al., 2024). 

However, the role of ICG in tumor margin assessment remains limited. Its lack of tumor specificity, 

dependence on perfusion-related mechanisms, and technical constraints such as limited penetration depth 

reduce its reliability in accurately defining tumor boundaries (Mytych et al., 2025, Zajac et al., 2024). 

Consequently, ICG fluorescence cannot replace standard histopathological evaluation and should be used as a 

complementary tool rather than a standalone method (Gowrishankar et al., 2025, Bargon et al., 2022). 

The future of fluorescence-guided surgery lies in the development of tumor-targeted imaging agents and 

the integration of advanced technologies, including artificial intelligence, to improve intraoperative accuracy 
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and decision-making (Nagaya et al., 2017, Li et al., 2025, Landau et al., 2016). Standardization of protocols 

and further high-quality clinical studies are essential to fully establish the role of fluorescence imaging in 

oncologic surgery (European Association for Endoscopic Surgery [EAES], 2023, Coco & Leanza, 2024, 

Fransvea et al., 2024). 

In conclusion, ICG fluorescence imaging is a valuable and widely applicable technique for sentinel 

lymph node mapping and intraoperative guidance, but its limitations in tumor margin assessment highlight the 

need for continued innovation and refinement in this rapidly evolving field. 
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