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Background: Indocyanine green (ICG) allows for the real-time visualization of lymphatic drainage and 
provides favorable performance for sentinel lymph node (SLN) mapping. However, the limited ability of 
tissue penetration of the near-infrared fluorescence of ICG may lead to the failure of lymph node detection 
in the traditional open approach of sentinel lymph node biopsy (SLNB) for breast cancer, especially in 
overweight or obese patients. To accurately and quickly detect SLNs, we applied fluorescence endoscopy 
with a dual-tracer method using ICG and methylene blue dye (MBD) in SLNB for breast cancer. We 
conducted this study to assess the feasibility and application value of this method in minimally invasive 
surgery.
Methods: A total of 117 patients who received dual-tracer injection of ICG and MBD prior to endoscopic 
SLNB from November 2020 to September 2021 were examined in this study. The number of SLNs 
identified, the SLN identification rate, the time to identify the first SLN, the procedure duration, and the 
postoperative morbidity were analyzed.
Results: Biopsied SLNs could be identified in 116 patients (99.15%) with an average number of 5.12±1.87 per  
patient. Blue-stained SLNs were found in 99 patients (84.62%) and fluorescent SLNs in 112 patients 
(95.73%). A total of 34 patients (29.06%) had positive SLNs. In 6 cases (5.13%), the positive SLNs were 
only stained with ICG fluorescence. In 1 case (0.85%), the positive SLNs were only blue-stained with no 
fluorescence staining. The mean durations for the identification of the first SLN and endoscopic SLNB 
were 7.14±6.31 and 37.75±16.94 min, respectively. Upper-limb lymphoedema was observed 5 cases (4.27%) 
during a median follow-up period of 10 months.
Conclusions: The fluorescence endoscopy method assisted by dual tracer facilitates SLN detection with 
a comparatively short procedure duration and low complication rate. This approach could serve as a new 
method for SLNB for patients with breast cancer.
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Introduction

According to the latest global cancer data published by the 
International Agency for Research on Cancer, 2.3 million 
new cases of breast cancer occurred in 2020 (1). Breast 
cancer is the most frequently diagnosed malignancy and 
the leading cause of cancer-related death for women 
worldwide. Currently, sentinel lymph node biopsy (SLNB) 
has become a standard procedure for evaluating metastasis 
to lymph nodes in patients with early-stage breast cancer 
with clinically nonsuspicious nodes (2,3). Blue dye and 
radioactive colloids are recommended for the sentinel 
lymph node (SLN) mapping of breast cancer. However, 
radioactive colloids have not been widely used in China due 
to radioactive contamination and complicated restrictions 
on radioactive materials (4).

Indocyanine green (ICG) is radiation-free and allows 
for the real-time visualization of lymphatic drainage. ICG 
in combination with methylene blue dye (MBD) for open 
SLNB has been proven to be safe and feasible (5) and thus 
may offer an alternative means to avoiding the issues of 
the radioisotope and dye methods. Recently, ICG-assisted 
fluorescence endoscopy, which integrates fluorescence 
imaging and minimally invasive endoscopy, has been 
increasingly applied in clinical work. Several studies have 
demonstrated that fluorescence endoscopy contributes to 

the detection of lymph nodes (6-8).
We therefore sought to further apply fluorescence 

endoscopy in SLNB for women with breast cancer. In this 
study, we retrospectively analyzed 117 cases of SLNB using 
fluorescence endoscopy. The SLN detection results and 
surgical outcomes were analyzed to evaluate the safety and 
accuracy of fluorescence endoscopy assisted with MBD 
and ICG in SLNB. We present this article in accordance 
with the TREND reporting checklist (available at https://
gs.amegroups.com/article/view/10.21037/gs-22-469/rc).

Methods

Ethical approval of the study protocol

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the Ethics Committee of Zhujiang Hospital of 
Southern Medical University (No. 2021-JS-001-01), and 
individual consent for this retrospective analysis was waived. 
The available treatment methods and risks of each surgical 
procedure were explained to all patients, all of whom 
provided written informed consent for surgery.

Inclusion and exclusion criteria

The inclusion criteria were the following: (I) a confirmed 
diagnosis of breast cancer by histology (preoperative 
needle-core biopsy or resection) and (II) no suspicious signs 
of metastasis to the axillary lymph node (ALN) found upon 
physical examination and imaging.

The exclusion criteria were the following: (I) a history 
of surgery or radiotherapy to the axillary area; (II) distant 
metastasis; (III) allergy to iodine agents or ICG; (IV) with 
inflammatory breast carcinomas; (V) patients unsuited for 
surgery or who refused surgery; and (VI) pregnant and 
lactating women.

Study cohort

Breast cancer patients who underwent surgical treatment 
including SLNB in our department between November 
2020 and September 2021 were selected as the study 
participants. A total of 117 patients were finally included 
for analysis according to the abovementioned inclusion and 
exclusion criteria. Preoperatively, evaluation of tumor and 
ALN status were conducted through physical examination, 
mammography,  u l t rasound,  and chest  computed 
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tomography. Assessment of tumor growth included the 
evaluations of tumor type, size, and distant metastasis. ALN 
status included an assessment of the location, number, size, 
and shape of the ALNs. Both the breast and axilla were 
observed with ultrasound and computed tomography (CT). 
Patients scheduled for breast-conserving surgery underwent 
magnetic resonance imaging (MRI) to further assess the 
condition of the breast and ALNs. All surgical procedures 
were performed by the same team of surgeons, and a 
uniform method was completed across all patients.

Surgical procedures

MBD injection
After the induction of anesthesia,  2 mL of MBD  
(20 mg; Jumpcan Pharmaceutical Group, Taixing, China) 
was administered (i.d.) into the periareolar region in 4 
quadrants of the breast. Light massage of the breast for 
2 to 3 min was undertaken to facilitate MBD mobility in 
lymphatic vessels.

SLN localization with ICG
Upon the initiation of surgery, 2 mL of ICG (2.5 mg/mL; 
i.e., an ICG vial of 25 mg diluted with 10 mL of sterile water; 
Eisai Co., Ltd., Tokyo, Japan) was injected (i.d.) into the areola 
of the affected side at multiple points (Figure 1). Subsequently, 
real-time observations of lymphatic drainage from the 
breast were undertaken under the “standard” or “pseudo-
color” fluorescence modes of a high-definition fluorescence 
endoscope (OPTO-2100; OptoMedic Technologies, Foshan, 
China). The location of each SLN was marked on the body 
surface 2 cm from the terminal fluorescent lymphatic vessels 
in the axillary direction (Figure 2).

High-definition fluorescence endoscopy system
To establish the area of surgical exploration and operating 
space, a self-made balloon was applied to a mark on the 
body surface (Figure 3A,3B). Three trocars and endoscopic 
instruments were then placed at the corresponding 
positions.

Upon the placement of the endoscope, blue-stained 
lymphatic vessels and lymph nodes were searched along 
the lateral border of the pectoralis major in standard white-
light mode. The switch to fluorescence mode revealed the 
visualized lymphatic vessels and lymph nodes emitting 
a strong green fluorescence, which enabled them to be 
distinguished from surrounding tissues (Figure 4). The 
fluorescent or blue-stained lymphatic vessels were separated 
with an ultrasonic scalpel, and the stained nodes that these 
lymphatic vessels flowed into were removed and frozen 
rapidly for subsequent pathology (Figure 5). 

Histopathology of lymph nodes
Intraoperative examination of frozen sections was conducted 
to rapidly diagnose the metastasis to SLNs. Patients with 
negative SLNs were exempted from ALN dissection; 
otherwise, ALN dissection was required. For patients who 
met the American College of Surgeons Oncology Group 
(ACOSOG) Z0011 trial or Axillary Radiation Therapy in 
Treating Women With Invasive Breast Cancer (AMAROS) 
trial inclusion criteria, ALN dissection is not considered 
necessary if only 1 or 2 positive SLNs are present, while 
radiotherapy should be included as part of postoperative 
treatment. All lymph nodes removed during surgery 
underwent a paraffin pathology examination.

Treatment and follow-up
Postoperatively, all patients received standard treatment 
(chemotherapy, radiotherapy, and endocrine therapy) 
according to the National Comprehensive Cancer Network 
guidelines. Surgery-related complications, such as upper 
limb lymphedema, paresthesia, reduced arm mobility, and 
wound infections, were observed and recorded during 
follow-up. The follow-up was based on outpatient visits 
every 3 months, supplemented by monthly telephone visits. 
During the telephone visit, we asked and recorded whether 
patients experienced pain, numbness, or discomfort in their 
upper limbs, and whether they felt asymmetry or swelling 
in either upper limb to inform the assessment of the patient 
at the next outpatient follow-up visit. Every 3 months 
after surgery, each patient underwent outpatient tests for 

Figure 1 Injection sites of methylene blue dye and indocyanine 
green (arrows).
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Figure 2 Visualization of lymphatic flows (arrows) to the axilla under different modes of a high-definition fluorescence endoscope. (A) 
“Standard” white-light mode. (B) “Standard” fluorescence mode. (C) Multi-display mode. (D) Pseudo-color fluorescence mode.

A B

Figure 3 Creation of the area of surgical exploration and operating space. (A) A balloon made from sterile gloves was connected to a 
drainage tube and syringe. (B) Physiologic (0.9%) saline was injected into the balloon to separate subcutaneous tissues and expand the 
tunnel.

sensation and mobility in the arm, measurements of the 
circumference of the upper arm, and searches for infections 
and axillary effusions in the surgical incisions. A flexible 
tape measure was used for upper limb circumferences. 
Measurements were taken at the palm, wrist, and elbow, and 
every 4 cm from the wrist to the axilla. Lymphedema was 
defined as a difference of more than 2 cm in circumference 
between the 2 arms at any measurement point. The follow-
up duration was a minimum of 6 months.

Statistical analysis

The primary endpoint of this study was the detection of 
SLNs with fluorescence endoscopy with the MBD and ICG 
dual tracer, including the identification rate and the number 
of SLNs identified per patient. The secondary endpoints 
were surgical outcomes, including the time to reach the first 
the SLN and total procedure duration, and postoperative 
morbidity including upper limb lymphedema, paresthesia, 
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reduced arm mobility, and wound infection. The processing 
and analysis of data were conducted using SPSS 26.0 (IBM, 
Armonk, NY, USA). Measurement data are expressed as the 
mean ± standard deviation (SD) or median (P25, P75), and 
were analyzed with the Student t-test. Enumeration data 
are expressed as percentages and were analyzed using the 
chi-squared test or Fisher exact test. P<0.05 was considered 

significant.

Results

Patient characteristics

From November 2020 to September 2021, 117 patients 
admitted to the Department of Breast Surgery within 

Figure 4 Representative images of sentinel lymph node detection using fluorescence endoscopy. Blue-stained and fluorescent lymphatic 
vessels and lymph nodes (arrows) were visible simultaneously in the multi-display mode.

Figure 5 Representative images of resected sentinel lymph nodes. One of four sentinel lymph nodes were blue-stained, and indocyanine 
green fluorescence was observed in all detected sentinel lymph nodes.



Gland Surgery, Vol 12, No 6 Jun 2023 785

© Gland Surgery. All rights reserved.   Gland Surg 2023;12(6):780-790 | https://dx.doi.org/10.21037/gs-22-469

Zhujiang Hospital were enrolled based on the inclusion 
and exclusion criteria. Of these, 59 were in clinical stage 
I, 47 were in stage II, and 11 were unable to be accurately 
assessed in terms of tumor size due to previous tumor 
resection. These patients ranged in age from 27 to 78 years, 
with 49 younger than 50 years and 68 older than 50 years. 
The lowest and highest body mass index (BMI) in our study 
were 16.8 and 32.8 kg/m2, respectively. Of the participants, 
67 had a normal BMI, while 3 were underweight and 
47 were overweight. The clinical and pathological 
characteristics of patients are presented in Table 1.

SLN detection and surgical outcomes

Among the 117 patients who underwent endoscopic SLNB 
using ICG combined with MBD, ≥1 fluorescent or blue-
stained lymph node was detected in 116 patients (99.15%). 
Among them, blue-stained SLNs were found in 99 patients 
(84.62%), and fluorescent SLNs were detected in 112 
patients (95.73%) during the surgery. A total of 34 patients 
(29.06%) had positive SLNs. All positive SLNs in these 
34 patients were either blue-stained and/or fluorescent. 
In 6 cases (5.13%), the positive SLNs were only stained 
with ICG fluorescence but not with blue dye. Meanwhile, 
in 1 case (0.85%), the positive SLNs were only blue-
stained without fluorescence staining. Of the 34 patients 
with positive SLNs, 31 underwent ALN dissection, and 
only 1 positive SLN was found in the remaining 3 patients 
who underwent breast-conserving surgery and expected 
postoperative radiotherapy. A total of 599 SLNs were 
resected, with an average of 5.12±1.87 per patient. 

Adverse reactions and complications related to tracing 
agents (e.g., allergy and skin necrosis) did not occur in any 
patient. The mean duration between endoscope placement 
and initial identification of an SLN was 7.14±6.31 min. 
From skin incision to SLN resection, the mean duration 
of the endoscopic SLNB was 37.75±16.94 min (Table 2). 

Table 1 Clinical and pathological characteristics of the study cohort

Characteristic n (%)

Age (years)

<50 49 (41.88)

≥50 68 (58.12)

BMI (kg/m2)

≤18.5 3 (2.56)

18.6–23.9 67 (57.27)

≥24.0 47 (40.17)

T stage

Tis 12 (10.26)

T1 47 (40.17)

T2 43 (36.75)

T3 4 (3.42)

Tx 11 (9.40)

Tumor location 

Outer upper quadrant 46 (39.32)

Outer lower quadrant 20 (17.09)

Inner upper quadrant 28 (23.93)

Inner lower quadrant 11 (9.40)

Nipple or areolar region 12 (10.26)

Histology type

In situ 14 (11.96)

Invasive carcinoma

No special type 93 (79.49)

Specified carcinoma 10 (8.55)

ER

Positive 79 (67.52)

Negative 38 (32.48)

PR

Positive 58 (49.57)

Negative 59 (50.43)

HER-2

Positive 42 (35.90)

Negative 75 (64.10)

Ki-67 (%)

≤15 22 (18.80)

15–30 31 (26.50)

≥30 64 (54.70)

BMI, body mass index; ER, estrogen receptor; PR, progesterone 
receptors; HER-2, human epidermal growth factor receptor 2.

Table 2 SLN detection results and surgical outcomes

Measure n/N (%) or mean ± SD

Identification rate 116 of 117 (99.15)

Number of SLNs identified per patient 5.12±1.87

Time to reach the first SLN (min) 7.14±6.31

Total time for SLNB (min) 37.75±16.94

SLN, sentinel lymph node; SD, standard deviation; SLNB, senti-
nel lymph node biopsy.
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The mean duration of endoscopic SLNB refers to the time 
between the skin incision and the removal of SLNs from 
the body, which includes the entire surgical process of 
SLNB.

Follow-up and complications

Patients were followed up for 6 to 14 months. The median 
duration of follow-up was 10 months. Of the 117 patients, 
5 (4.27%) experienced upper-limb lymphoedema during 
the follow-up after surgery, all of whom underwent ALN 
dissection. Their condition improved gradually after 
administration of therapeutic exercises and medications, as 
the swelling appeared to decrease. In addition, 3 patients 
experienced from pain and discomfort in the upper limbs. 
In other patients, complications such as abnormal swelling, 
limitation of limb movement, or wound infection were not 
observed during the follow-up period. By the end of follow-
up, tumor recurrence to lymph nodes or distant metastasis 
had not occurred in any patient.

Discussion

In this study, 117 patients underwent endoscopic SLNB 
using ICG combined with MBD. Biopsied SLNs were 
identified in 116 patients (99.15%), with an average of 
5.12±1.87 per patient. Blue-stained SLNs were found 
in 99 patients (84.62%), and fluorescent SLNs in 112 
patients (95.73%). In 6 cases (5.13%), the positive SLNs 
were only stained with ICG fluorescence, while in 1 case 
(0.85%) they were only blue-stained without fluorescence 
staining. The mean time taken for identification of the first 
SLN was 7.14±6.31 min, while that for endoscopic SLNB 
was 37.75±16.94 min. Five cases (4.27%) of upper-limb 
lymphoedema were observed during follow-up.

ICG is a newly emerging near-infrared fluorescent dye 
approved by the US Food and Drug Administration for 
clinical applications. After administration, ICG binds 
tightly to plasma proteins, which can become excited and 
emit fluorescence under irradiation of near-infrared light 
at ~820 nm (9). This fluorescence signal can be captured 
by a special device equipped with an imaging system. This 
system enables the visualization of the shape of lymphatic 
vessels and the flow toward lymph nodes, which is helpful 
for the detection and dissection of malignant nodes. This 
method is being increasingly employed in minimally 
invasive surgery for melanoma and ovarian, cervical, and 
gastrointestinal cancers (10-13).

However, the fluorescence-tracing method in the 
traditional open approach of SLNB for breast cancer has 
not achieved the desired results. In 2005, Kitai et al. (14) 
proposed a novel method using fluorescence imaging based 
on ICG to detect SLNs of women with breast cancer. In 
this study, SLNs were identified in 17 of 18 cases (94.4%). 
Subsequently, Murawa et al. (15) reported a prevalence of 
SLN identification of 96.7% (29/30) with a false-negative 
prevalence of 9.5% (2/21) in 30 patients with breast cancer 
using ICG as a tracer. Moreover, in a study by Guo et al., 
200 patients underwent SLNB with a combination of ICG 
and MBD (16), and fluorescent flow was not visible through 
the skin in 16 of these cases.

The limited tissue-penetration ability of near-infrared 
fluorescence might explain the failure of biopsies. In 
traditional open surgery, superficial lymphatic vessels may 
be visible in most cases if detected from the body surface. 
However, in patients with a high BMI, lymphatic vessels 
and nodes may be difficult to observe because of the barrier 
of thick subcutaneous adipose tissue. This situation may 
lead to the nonidentification of deep-seated SLNs, which 
would affect the accuracy of detection and cause false-
negative results.

Here, we describe the technical details of fluorescence 
endoscopy with a dual-tracer method using ICG and MBD 
in SLNB for breast cancer and discuss the feasibility and 
further applications of this method in minimally invasive 
surgery.

The fluorescence endoscopy system we used is equipped 
with 4 imaging modes: standard white light, standard 
fluorescence, pseudo-color fluorescence, and multi-display. 
These modes can be switched to conveniently by pressing 
the camera button to meet the demands of different 
surgical conditions. After ICG administration, real-time 
visualization of lymphatic drainage was displayed in the 
standard fluorescence mode. In the standard white-light 
mode, blue-stained lymphatic vessels and lymph nodes 
could be observed directly under the high-definition field of 
view. In the fluorescence mode, lymphatic vessels and nodes 
emitting strong green fluorescence appeared stark contrast 
to the surrounding tissues, which was conducive to the 
rapid identification of SLNs. Employment of fluorescence 
endoscopy to examine lymph nodes within loose axillary 
tissue solves the problem of inaccurate location of SLNs or 
the inability to detect SLNs directly due to the fluorescence 
attenuation caused by the barrier of skin and subcutaneous 
tissue during open surgery. More importantly, this method 
simplifies the process of searching for SLNs and reduces the 
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probability of omission. We found that the tracing method 
using ICG could be carried out even in patients with a high 
BMI if the SLNB was performed under endoscopy.

According to previous reports (17,18), ICG provides 
favorable performance for SLN mapping. As shown in 
Figure 2, this technique is particularly useful in visualizing 
lymphatic flow to the axilla through the skin and helps to 
estimate the possible SLN location prior to skin incision. In 
addition, fluorescence endoscopy provides a subcutaneous 
or in vivo view of lymphatic vessels, which makes SLN 
detection easier, especially for overweight or obese patients. 
Real-time observations of lymphatic drainage from the 
breast are performed prior to surgery initiation to predict 
the location of the SLN, as previously reported (19). Then, 
based on the mark on the body surface, endoscopic surgery 
is performed to subcutaneously explore the lymphatic 
vessels and remove the SLNs. On the basis of endoscopy 
techniques, we use fluorescence endoscopy for SLNB, 
aiming to complete SLNB and nipple-sparing mastectomy 
(NSM) through 3 minor incisions. This minimally invasive 
procedure avoids additional incisions in the axilla and breast 
while achieving excellent cosmetic results.

None of the 117 patients suffered anaphylaxis or adverse 
reactions related to the tracer agent, which suggested that 
ICG could be applied safely for lymphatic tracing in the 
SLNB of breast cancer. Fluorescent or blue-stained SLNs 
were acquired in 116 cases (99.15%), which is equivalent 
to the standard method used for radioisotopes and dyes 
reported previously (20) but slightly higher than that of 
navigation using ICG fluorescence in open surgery (21-23).  
SLNs were not identified by our dual-tracer method 
in 1 case. The tumor in this patient was located in the 
upper outer quadrant of the right breast. Prior to breast 
cancer surgery, an excisional biopsy of the tumor was 
performed through an areolar incision. The lymphatic 
drainage channel to the axilla might have been damaged 
and destroyed due to biopsy, resulting in the absence of the 
fluorescent or blue-stained SLN. Based on the anatomical 
position of the SLN, we were able to find and remove 3 
lymph nodes under endoscopy during the operation, with 
negative results confirmed by frozen section examination. 
Remarkably, in 18 patients (15.38%), blue-stained SLNs 
and lymphatic vessels were not detected under the white-
light mode, whereas SLNs with green fluorescence were 
observed after switching to the fluorescence mode, which 
suggested that these patients would have experienced a 
poor surgical outcome if the dye method were used alone. 
Similarly, of the 34 patients with SLN metastasis, 6 patients 

had positive SLNs that were only fluorescent and not 
blue-stained, all of which were detected with ICG. We 
speculate that if methylene blue were used alone for SLN 
mapping, positive SLNs might have been omitted in 5.13% 
of patients, leading to false-negative results. Therefore, 
the MBD and ICG dual-tracer method under fluorescence 
endoscopy yields a high visualization rate of SLNs, avoids 
missing positive SLNs, and reduces the false-negative rate.

Studies have shown that the prevalence of false-negative 
results decreases with an increase in the number of SLNs 
detected (24). Removal of only 1 or 2 SLNs may increase 
the probability of missing positive nodes, and resection 
of >4 may reduce the prevalence of false-negative results 
significantly (25). The average number of SLNs detected 
by a combination of ICG and MBD under fluorescence 
endoscopy was 5.12 in each patient, which is more than that 
documented in previous studies (26). Hence, a combination 
of ICG and MBD under fluorescence endoscopy could 
increase the number of SLN acquisitions and the chance of 
identifying positive SLNs. This strategy would help reduce 
the prevalence of false-negative results and improve the 
accuracy of assessment of ALN status.

Under direct vision of the fluorescence endoscope, the 
intricate structures of axillary tissue were magnified, and the 
tiny lymphatic vessels and small nodes were displayed clearly 
with an adequate surgical field. In this study, the mean 
time required for the discovery of the first lymph node was 
7.14±6.31 min, whereas the first SLN recognition time of 
the dual-tracer method with ICG and MBD in open surgery 
was 17±5 min (27). The average duration of the surgical 
procedure of this group of patients was 37.75±16.94 min,  
and that of endoscopic SLNB using MBD alone in our 
center previously was 39±11 min (28), which is shorter than 
that for traditional open surgery (29). These results showed 
that under the multiple imaging modalities of fluorescence 
endoscopy,  the tracing effects  of  ICG and MBD 
complemented one another. Our method can help surgeons 
to locate, identify, and remove SLNs rapidly which, in turn, 
would shorten the procedure time of SLNB. In addition, 
switching the exploration mode under fluorescence 
endoscopy did not involve the elimination of interference 
by visible light. That is, there was no need to interrupt the 
surgical procedure and switch off the illuminating lights (30),  
as the desired effect could be realized by adjusting the 
camera button. Real-time fluorescence positioning 
and resection could be carried out simultaneously, thus 
increasing the convenience of the procedure. 

Xiong and colleagues (31) described the advantages of 
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endoscopic-assisted SLNB, during which the relationship 
between SLNs and surrounding tissues could be observed 
under direct vision to allow intervention and reduce 
damage. Avoiding obvious surgical scars in the axilla, 
this minimally invasive endoscopy method also reduced 
the risk of complications, such as incision-site infection, 
postoperative pain, paresthesia, limited movement, 
and lymphedema of the upper limb. Goldberg et al. (32) 
reported a lymphedema prevalence of 3% in 600 patients 
who underwent SLNB and a higher prevalence of patient-
perceived lymphedema that was associated with a higher 
number of lymph nodes removed. Meanwhile, Ashikaga et al.  
reported a prevalence of lymphedema after conventional 
SLNB of 7% to 9% (33). In our study, 5 patients (4.27%) 
developed upper-limb lymphedema in the 6 months after 
surgery. Our data suggest that endoscopic SLNB does 
not result in the extensive resection of lymph nodes and 
does not appear to be associated with an increased risk of 
lymphedema.

Our research had some limitations. First, all patients 
were from a single institution, and the study cohort was 
relatively small. Second, the follow-up duration was short. 
Therefore, more high-quality, large-scale, randomized 
controlled clinical trials and long-term follow-up are needed 
to assess oncological outcomes and confirm our findings.

Conclusions

Our fluorescence endoscopy method promoted the rapid 
search for, accurate identification, and precise resection 
of SLNs while additionally minimizing the difficulty of 
SLN exploration, shortening the duration of the surgical 
procedure, and reducing the size of skin incisions, all 
representing obvious advantages over the current SLNB 
navigation technique. Therefore, the application of 
fluorescence endoscopy combined with a double-tracer 
method may provide a new method for SLNB in patients 
with breast cancer.
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