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Introduction: 

In the realm of surgical oncology, precise staging and localization of sentinel lymph nodes (SLNs) play a 

pivotal role in guiding therapeutic decisions and optimizing patient outcomes. The advent of advanced 

imaging techniques has revolutionized SLN mapping procedures, with Indocyanine Green (ICG) emerging 

as a promising contrast agent for real-time visualization of lymphatic drainage pathways. This dissertation 

delves into the utilization of ICG in surgical oncology for SLN mapping and explores its superiority over 

conventional dyes such as Technetium-99 (Tc-99) and methylene blue. 

Historically, the identification of SLNs relied heavily on radioactive tracers like Tc-99, posing logistical 

challenges and radiation exposure risks for both patients and healthcare providers. Similarly, methylene 

blue, while widely used, exhibits limitations such as lower sensitivity and potential tissue staining. In 

contrast, ICG offers a compelling alternative, leveraging its near-infrared fluorescence properties to provide 

high-resolution imaging without the need for radiation exposure. 

This dissertation aims to elucidate the unique attributes of ICG that render it advantageous in SLN mapping 

procedures. By examining its mechanism of action, rapid clearance kinetics, and versatility in 

administration routes, this study underscores the practicality and efficacy of ICG in enhancing surgical 

precision and patient safety. Furthermore, through a comparative analysis with conventional dyes, the 

dissertation seeks to delineate the specific advantages of ICG, including its superior sensitivity, real-time 

imaging capabilities, and cost-effectiveness. 

As surgical oncologists continue to refine SLN mapping techniques to better inform treatment strategies, 

the integration of ICG into clinical practice holds tremendous promise. By elucidating the inherent 

advantages of ICG over traditional dyes, this dissertation aims to contribute to the ongoing evolution of 

SLN mapping protocols and pave the way for improved outcomes in cancer patients undergoing surgical 

intervention. 

Research Questions: 

1. What are the specific advantages of Indocyanine Green (ICG) compared to conventional dyes like 

Technetium-99 (Tc-99) and methylene blue in sentinel lymph node (SLN) mapping procedures in 

surgical oncology? 



2. How does the mechanism of action of ICG contribute to its efficacy in real-time visualization of 

lymphatic drainage pathways and SLNs during surgery? 

3. What is the comparative sensitivity and specificity of ICG versus Tc-99 and methylene blue in 

accurately identifying SLNs across various types of cancers, including breast cancer, melanoma, 

and gynecologic malignancies? 

4. What are the practical considerations, including cost-effectiveness and ease of integration into 

existing surgical workflows, associated with the use of ICG compared to traditional dyes? 

5. What are the clinical implications of incorporating ICG into standard SLN mapping protocols, and 

how does its utilization impact surgical outcomes, including staging accuracy and patient safety? 

6. What are the potential future directions for research and clinical application of ICG in surgical 

oncology, and how can further advancements in imaging technologies enhance its utility in SLN 

mapping procedures? 

 

Objectives: 

1. Evaluate the efficacy of Indocyanine Green (ICG) compared to conventional dyes such as 

Technetium-99 (Tc-99) and methylene blue in sentinel lymph node (SLN) mapping procedures in 

surgical oncology. 

2. Investigate the mechanism of action of ICG and its role in real-time visualization of lymphatic 

drainage pathways and SLNs during surgery. 

3. Compare the sensitivity and specificity of ICG versus Tc-99 and methylene blue in accurately 

identifying SLNs across different types of cancers, including breast cancer, melanoma, and 

gynecologic malignancies. 

4. Assess the practical considerations associated with the use of ICG, including cost-effectiveness, 

ease of administration, and integration into existing surgical workflows. 

5. Analyze the clinical implications of incorporating ICG into standard SLN mapping protocols, 

including its impact on surgical outcomes, staging accuracy, and patient safety. 

6. Identify potential future research directions and technological advancements to further optimize the 

utility of ICG in surgical oncology, particularly in enhancing SLN mapping procedures and 

improving patient care. 

 

Materials & Methods: 

• Study Design: A prospective comparative analysis was conducted to evaluate the use of 

Indocyanine Green (ICG) in sentinel lymph node (SLN) mapping in surgical oncology, comparing 

it with traditional dyes Technetium-99 (Tc-99) and methylene blue. 

 

• Study Population: Patients scheduled for surgical procedures involving SLN mapping for 

various cancers, including breast cancer, melanoma, and gynecologic malignancies. 

1. Inclusion Criteria: Patients aged 18 years or older with a confirmed diagnosis of cancer 

requiring SLN mapping. 

2. Exclusion Criteria: Patients with contraindications to ICG or other study dyes, pregnant or 

breastfeeding women, and individuals unable to provide informed consent. 

 

• Study Groups: 



1. ICG Group: Patients undergoing SLN mapping using Indocyanine Green. 

2. Tc-99 Group: Patients undergoing SLN mapping using Technetium-99. 

3. Methylene Blue Group: Patients undergoing SLN mapping using methylene blue. 

 

• Intervention: SLN mapping procedures were performed according to standardized protocols by 

experienced surgeons trained in SLN mapping techniques.  

ICG, Tc-99, or methylene blue were administered as per manufacturer guidelines and institutional 

protocols. 

 

• Data Collection: Preoperative Data: Demographic information, cancer type, tumor 

characteristics, and medical history were collected. 

1. Intraoperative Data: SLN detection rate, number of SLNs identified, fluorescence intensity, and 

intraoperative imaging quality were recorded. 

2. Postoperative Data: Surgical outcomes, including staging accuracy, procedure-related 

complications, length of hospital stay, and adverse events, were documented. 

 

• Outcome Measures: 

1. Primary Outcome: Sensitivity and specificity of SLN mapping using ICG compared to Tc-99 and 

methylene blue. 

2. Secondary Outcomes: Surgical staging accuracy, intraoperative imaging quality, procedure-

related complications, cost-effectiveness, and patient satisfaction. 

• Statistical Analysis: 

1. Descriptive statistics: Mean, standard deviation, median, and interquartile range for continuous 

variables; frequency and proportion for categorical variables. 

2. Inferential statistics: Chi-square test, t-test, or ANOVA for comparison between groups. Logistic 

regression analysis may be employed to adjust for potential confounders.Statistical significance 

was set at p < 0.05. 

• Ethical Considerations: 

The study protocol was approved by the Institutional Review Board (IRB) or Ethics Committee. 

Informed consent was obtained from all participants before enrollment. 

Patient confidentiality and data protection were ensured throughout the study. 

By employing rigorous methodology and statistical analysis, this study aimed to provide comprehensive 

insights into the efficacy, safety, and practicality of ICG in SLN mapping procedures, contributing to 

evidence-based surgical oncology practices. 

 

Implications of the Study: 

1. Clinical Practice Enhancement: The findings of this study provide valuable insights into the 

efficacy and safety of Indocyanine Green (ICG) in sentinel lymph node (SLN) mapping procedures. 

Surgeons and oncologists can incorporate ICG into standard practice for SLN mapping, potentially 

improving the accuracy of cancer staging and guiding appropriate treatment strategies. 

2. Optimized Patient Care: By demonstrating the superior sensitivity and specificity of ICG 

compared to traditional dyes like Technetium-99 (Tc-99) and methylene blue, this study contributes 

to optimizing patient care in surgical oncology. Accurate SLN mapping with ICG may lead to better 

disease management, reduced risk of understaging, and improved patient outcomes. 



3. Enhanced Surgical Precision: The utilization of ICG facilitates real-time visualization of 

lymphatic drainage pathways and SLNs during surgery, enhancing surgical precision. Surgeons can 

more accurately identify and excise SLNs, minimizing the risk of unnecessary lymph node 

dissections and reducing operative time. 

4. Reduced Complications and Morbidity: By offering a safer alternative to radioactive tracers like 

Tc-99 and minimizing tissue staining associated with methylene blue, ICG reduces the risk of 

procedure-related complications and morbidity. Patients undergoing SLN mapping with ICG 

experience fewer adverse events, leading to a smoother recovery process. 

5. Cost-Effectiveness: The study highlights the cost-effectiveness of ICG compared to traditional 

dyes, considering factors such as material costs, procedural efficiency, and reduced need for 

specialized equipment. Healthcare facilities can adopt ICG for SLN mapping without significantly 

increasing the financial burden, making it accessible to a broader patient population. 

6. Future Research and Innovation: The study opens avenues for future research and innovation in 

the field of surgical oncology and imaging technologies. Further studies can explore novel 

applications of ICG, refine surgical techniques, and investigate potential synergies with emerging 

modalities such as fluorescence-guided surgery and molecular imaging. 

7. Educational and Training Opportunities: The dissemination of study findings through academic 

publications, conferences, and educational programs enriches the knowledge base of healthcare 

professionals involved in surgical oncology. Training initiatives can incorporate ICG-based SLN 

mapping techniques, ensuring proficiency among surgical teams and improving patient care 

standards globally. 

 

In conclusion, the implications of this study extend beyond the realm of research, shaping clinical practice, 

patient care standards, and future advancements in surgical oncology. By validating the efficacy and safety 

of ICG in SLN mapping, the study contributes to enhancing cancer management strategies and ultimately 

improving the quality of life for patients undergoing surgical treatment. 
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