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ABSTRACT
Background: Sentinel lymph node biopsy (SLNB) is the gold standard for axillary staging in early breast cancer. Although dual-agent mapping with radioisotopes and blue dye yields the highest detection rates, many centers lack access to nuclear medicine facilities. Methylene blue dye (MB) provides a cost-effective alternative.
Objective: To evaluate the efficacy and safety of methylene blue dye for sentinel lymph node detection in breast cancer surgery.
Methods: A prospective study was performed on 70 female patients with operable breast cancer. All underwent breast-conserving surgery or modified radical mastectomy with SLNB using methylene blue dye. Detection rate, number of sentinel nodes retrieved, histopathology, false-negative rate, and complications were recorded. Logistic regression was used to analyze predictors of SLN positivity.
Results: The mean age of patients was 49.2 ± 10.4 years. SLN identification was successful in 94.3% of cases. The mean number of SLNs retrieved was 1.6 ± 0.8 per patient. Metastatic involvement was found in 21 patients (30%). The false-negative rate was 6.3%. Logistic regression revealed tumor size >2 cm and lymphovascular invasion as significant predictors of SLN positivity (p<0.05). Complications were minimal (2.8% tissue reactions, no severe allergic events).
Conclusion: Methylene blue dye is a safe, reliable, and inexpensive method for SLN detection, achieving high detection rates and low complication rates. It represents a valuable technique in centers lacking access to radioisotopes.
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INTRODUCTION
Axillary lymph node status remains the most significant prognostic factor in breast cancer management1. Traditionally, axillary lymph node dissection (ALND) was performed, but it is associated with considerable morbidity including lymphedema, shoulder dysfunction, and neuropathic pain2,3. Sentinel lymph node biopsy (SLNB) emerged as a less invasive method for axillary staging, significantly reducing morbidity without compromising oncologic outcomes4,5.
	The standard method for sentinel node detection uses a dual-tracer technique involving radioisotopes (technetium-99m sulfur colloid) combined with blue dye (isosulfan blue or patent blue)6,7. However, the widespread use of radioisotopes is limited by cost, radiation safety, and infrastructure requirements8. Consequently, methylene blue dye (MB) has gained popularity in many low- and middle-income countries as a feasible, inexpensive alternative9,10.
	Studies have shown that MB can achieve detection rates above 90% with low false-negative rates, making it a valuable tool in SLNB11–13. It is also associated with a favorable safety profile, with fewer allergic reactions compared to isosulfan blue14. However, occasional adverse effects such as skin necrosis and local tissue reactions have been reported15.
	This study evaluates the efficacy and safety of methylene blue dye in sentinel lymph node detection among 70 breast cancer patients, providing valuable data for centers lacking access to radioisotopes.

METHODOLOGY
Study Design and Setting: A prospective, single-center observational study was carried out in the Department of Surgeryand Allied, DHQ Teaching Hospital Haripur, between 1st April 2022 and 30th September 2022. The study was approved by the institutional ethics committee, and written informed consent was obtained from all participants.
Sample Size Calculation: Sample size was calculated to detect a 
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sentinel lymph node (SLN) detection rate of at least 90%, based on previous literature (1,2). With an alpha of 0.05, power of 80%, and 5% margin of error, a minimum of 64 patients was required. To account for attrition, 70 patients were included.
Patient Selection
· Inclusion criteria: Female patients aged 25–70 years, with biopsy-proven invasive breast carcinoma (T1–T3, clinically N0).
· Exclusion criteria: Prior axillary surgery, neoadjuvant chemotherapy, pregnancy, lactation, history of dye hypersensitivity, or advanced disease (T4 or N1+).
Preoperative Evaluation: All patients underwent clinical examination, breast ultrasound, mammography, and core biopsy. Axilla was staged clinically and radiologically to confirm absence of nodal involvement.
Injection Technique:
· Under general anesthesia, 2–5 mL of 1% methylene blue dye was injected into the periareolar and peritumoral regions using a 25-gauge needle.
· Gentle massage was applied for 5 minutes to facilitate dye uptake into lymphatics.
· The axilla was explored 10–15 minutes post-injection.
Surgical Technique:
· An axillary incision was made at the anatomical location of level I nodes.
· Blue-stained lymphatic channels were traced, and stained lymph nodes were excised as SLNs.
· If no nodes were detected within 20 minutes, conventional axillary lymph node dissection (ALND) was performed.
Pathological Evaluation:
· SLNs were assessed intraoperatively with frozen section and later by hematoxylin-eosin staining.
· SLN metastases were classified as micrometastases (≤2 mm) or macrometastases (>2 mm).
· False-negative cases were defined as patients with negative SLN but positive non-SLN metastasis in ALND specimens.
Data Collection: Data regarding patient demographics (age, tumor size, histological type, receptor status), SLN detection rate, number of nodes retrieved, histopathology, and complications related to methylene blue injection were recorded. The primary outcomes were the SLN detection rate, number of SLNs retrieved, and false-negative rate. Secondary outcomes included metastatic involvement and complications associated with methylene blue injection.
Statistical Analysis: Statistical analysis was performed using SPSS version 25. Continuous variables such as age and number of SLNs were expressed as mean ± standard deviation, while categorical variables such as tumor stage, type of surgery, and detection outcomes were expressed as frequencies and percentages. The detection rate was defined as the proportion of patients in whom at least one SLN was successfully identified. The false-negative rate was calculated as the number of false negatives divided by the sum of true positives and false negatives. Logistic regression analysis was carried out to determine independent predictors of SLN metastasis, including patient age, tumor size, histological grade, lymphovascular invasion, and hormone receptor status. A p-value of less than 0.05 was considered statistically significant.

RESULTS
Seventy female patients were included. Mean age was 49.2 ± 10.4 years (range 27–68). The majority (54.3%) had T2 tumors, followed by T1 (25.7%) and T3 (20%). Forty patients (57.1%) underwent breast-conserving surgery, and 30 (42.9%) underwent modified radical mastectomy.

Table 1: Demographic & Clinical Characteristics
	Variable
	Number (%)

	Age (years, mean ± SD)
	49.2 ± 10.4

	T1 tumors
	18 (25.7)

	T2 tumors
	38 (54.3)

	T3 tumors
	14 (20.0)

	BCS
	40 (57.1)

	MRM
	30 (42.9)



	Sentinel lymph nodes were successfully identified in 66/70 patients (94.3%). A total of 112 nodes were excised, with a mean of 1.6 ± 0.8 nodes per patient. Four patients (5.7%) had failed mapping.

Table 2: SLN Detection Outcomes
	Variable
	Value

	Detection rate
	94.3%

	Total SLNs retrieved
	112

	Mean SLNs per patient
	1.6 ± 0.8

	Failed mapping
	4 (5.7%)



	Out of 66 patients with identified SLNs, 21 (30%) had metastatic involvement. Seven had micrometastases, and 14 had macrometastases. False-negative cases were 2 (6.3%).

Table 3: Histopathological Findings
	Variable
	Number (%)

	Total patients with positive SLN
	21 (30.0)

	Micrometastasis
	7 (10.0)

	Macrometastasis
	14 (20.0)

	False negatives
	2 (6.3)



	High detection rate (94.3%), acceptable false-negative rate (6.3%). Only 2 patients (2.8%) developed mild local tissue reactions. No cases of severe allergic reactions, necrosis, or systemic toxicity were observed.

Table 4: Efficacy & Safety of Methylene Blue
	Outcome
	Value

	Detection rate
	94.3%

	False-negative rate
	6.3%

	Complication rate
	2.8%



	Logistic regression showed that tumor size >2 cm (OR: 2.9, p=0.02) and lymphovascular invasion (OR: 3.5, p=0.01) were independent predictors of SLN metastasis. Age, histological grade, and hormone receptor status were not significant.

Table 5: Logistic Regression for Predictors of SLN Metastasis
	Variable
	OR
	95% CI
	p-value

	Age >50
	1.2
	0.6–2.4
	0.41

	Tumor size >2 cm
	2.9
	1.2–7.3
	0.02*

	Lymphovascular invasion
	3.5
	1.4–8.8
	0.01*

	Grade III tumor
	1.6
	0.7–3.5
	0.22

	ER/PR negative
	1.4
	0.5–3.1
	0.28


*p < 0.05 significant

DISCUSSION
Our study demonstrates that methylene blue dye (MB) achieves a high SLN detection rate (94.3%) with a false-negative rate of 6.3%, results comparable to those reported in international literature3–6. This reinforces MB as a reliable mapping agent, especially in resource-constrained settings where radioisotopes are not available.
	The SLN detection rate in our study aligns with Purushotham et al.7 and Goyal et al.8, who reported 92–96% detection rates with MB. In contrast, dual-agent techniques report slightly higher rates (>97%)9,10. However, the marginal difference does not outweigh the practical advantages of MB in settings without nuclear medicine.
	The false-negative rate of 6.3% in our cohort is well within the international benchmark of <10%11. This is crucial, as false negatives can result in understaging and undertreatment. Importantly, logistic regression in our analysis identified tumor size >2 cm and lymphovascular invasion as significant predictors of SLN positivity, consistent with findings by Kim et al.12 and Chagpar et al.13.
	The complication rate in our study (2.8%) was low, with only minor tissue reactions observed. Severe allergic reactions, commonly reported with isosulfan blue14,15, were absent. Local tissue necrosis has been reported with MB in cases of intradermal extravasation16, but careful injection technique likely prevented such outcomes in our series.
Clinical Implications: In LMICs, where logistics and radiation safety regulations hinder radioisotope use, MB offers a practical, inexpensive, and safe alternative. Its widespread availability makes it an attractive option for scaling SLNB in breast cancer worldwide.
Strengths and Limitations: Strengths of our study include its prospective design, standardized technique, and detailed pathological analysis. Limitations include the single-center design, relatively small cohort (70 patients), and lack of direct comparison with radioisotope mapping.
	Future research should include randomized controlled trials comparing MB with dual-tracer techniques, long-term follow-up for recurrence, and cost-effectiveness analysis.

CONCLUSION
Methylene blue dye is a safe, effective, and low-cost alternative to radioisotopes for sentinel lymph node detection in breast cancer surgery. With detection rates >90%, acceptable false-negative rates, and minimal complications, MB should be recommended as the tracer of choice in centers without access to nuclear medicine. Tumor size and lymphovascular invasion are independent predictors of SLN metastasis and should be considered when interpreting results.
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