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Abstract
Purpose

Indocyanine green (ICG) is an e�cient tracer method used in sentinel lymph node biopsy (SLNB). The
application of single-port endoscopic-assisted technology in the �eld of breast cancer is widely accepted.
In order to explore the surgical safety of single-port endoscopic-SLNB (SPE-SLNB) and the reliability of
axillary staging, we combined it with ICG that was excited by near-infrared �uorescence endoscopy and
carbon nanoparticles (CN) as a tracer and compared this method to conventional open SLNB (C-SLNB).

Methods

Sixty patients with early breast cancer were recruited and divided into three groups. Twenty patients who
underwent SPE-SLNB combined with ICG and CNs were placed in group A. Twenty patients who
underwent SPE-SLNB with CNs only were placed in group B. Twenty patients who underwent C-SLNB with
ICG and CNs were placed in group C.

Results

The detection rate of SLNs was 100% in group A, 100% in group B, and 95% in group C. In total, 97 SLNs
were detected in group A, 65 SLNs were detected in group B, and 98 SLNs were detected in group C .

Conclusion

The novel technique of combining ICG and CNs with SPE-SLNB and the utilization of the endoscopic
�uorescence imaging system achieved the same detection rate and mean number of SLNs as C-SLNB.
Therefore, for patients who meet the indications, SPE-SLNB is as safe and reliable as C-SLNB.

Introduction
In the late 20th century, one of the greatest advances in clinical surgery was the gradual maturity of the
theory of minimally invasive surgery, and then the rapid development of endoscopic surgery to make that
theory a reality. Endoscopic technology is precise, minimally invasive, and can protect the function of the
surgical area (e.g. upper extremity function is protected during endoscopic lymph node biopsy). As an
important female sexual organ, breast surgery has bene�tted from the development of minimally invasive
surgery because of the cosmetic effect and postoperative quality of life of patients [1–3].

Single-port laparoscopic surgery technology has several advantages in breast surgery including being
less invasive and having a small, hidden surgical incision, which achieves a bene�cial postoperative
aesthetic effect. In recent years, the application of single-port endoscopic-assisted technology in the �eld
of breast cancer has become more and more extensive. A number of studies have shown that the clinical
e�cacy and safety of single-port endoscopic subcutaneous mastectomy, single-port endoscopic breast
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reconstruction, and single-port laparoscopic breast-conserving surgery are equivalent to traditional open
surgery [4–6].

When performing single-port laparoscopic breast surgery in breast cancer, single-port endoscopic sentinel
lymph node biopsy (SPE-SLNB) implemented simultaneously is very important for axillary lymph node
staging. If SPE-SLNB can accurately predict axillary lymph node status, then the patients could avoid
axillary lymph node dissection when the sentinel lymph node (SLN) metastases ful�ll the Z0011 criteria
[7]. At present, few studies have shown whether SPE-SLNB and conventional SLNB (C-SLNB) have the
same reliability in the detection rate and number of SLNs. In order to explore the surgical safety of SPE-
SLNB and its reliability in axillary staging, our center created a novel technique of combining indocyanine
green (ICG) and carbon nanoparticles (CN) as a tracer and utilized an endoscopic �uorescence imaging
system through a single port. We then compared this novel SPE-SLNB method to C-SLNB.

Materials And Methods

Ethics Statement
This study was approved by the Ethics Committee of the Beijing Friendship Hospital, Capital Medical
University (2019-P2-058-02). Written informed consent was obtained from all patients before surgery.

Patients
Procedures were performed on breast cancer patients (N = 60) between March 2019 and May 2020 at the
Beijing Friendship Hospital. Patients with early invasive breast cancer (stage I and II) as con�rmed by
core needle biopsy and with clinically negative axilla were enrolled in the present study. Patients with
tumors > 5 cm, clinically or radiologically suspicious lymph nodes, in�ammatory breast cancer, distant
metastatic tumor, previous axillary surgery, or hypersensitivity to iodine or ICG were excluded from the
study.

After recruitment, patients were divided into three groups. Twenty patients who underwent SPE-SLNB
combined with ICG and CNs were placed in group A. Another 20 patients who underwent SPE-SLNB using
CNs only were placed in group B. The remaining 20 patients who underwent C-SLNB using ICG and CNs
were placed in group C.

Surgical technique
Group A (SPE-SLNB combined with ICG and CNs)

The patient was in a supine position with a high shoulder cushion on the affected side. The upper limb
was wrapped in a sterile towel and placed at a 90° abduction. ICG (25 mg, Yichuang Pharmaceutical LLC,
Dandong, China) was dissolved in 10 mL sterilized distilled water before use, and the mass concentration
was 2.5 mg/mL after dissolving. Then the ICG was further diluted to 0.5 mg/mL in 1 mL of sterilized
distilled water for use. Intradermal injection of 0.3 mg/mL of ICG and 0.2 mL of CNs (Chongqing LUMMY
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Pharmaceutical, Chongqing, China) were injected at the outer and lower margins of the areola.
Tumescent solution was injected into the axilla to facilitate liposuction. The formula of the tumescent
solution was 1 mg adrenaline and 20 mL of 2% lidocaine mixed with 250 mL of 0.9% sodium chloride
and 250 mL of sterilized distilled water. A total of 100 mL of tumescent solution was injected into the
SLN region with a blunt lipolysis needle at the top. After 15 minutes, we performed liposuction in this
area.

A small single-port incision about 2.5 cm in length was created with the single-port insu�ation kit (HTKD-
Hang T Port, China) (Fig. 1) at the axillary midline �ush with the nipple and �lled with CO2 gas. The
pressure was maintained at 8 mmHg (1 mmHg = 0. 133 kPa), and the gas �ow rate was kept at 8 L/min.
This established adequate working space for the operation. Then, endoscopic surgical instruments and
the near-infrared �uorescence endoscopy of FloNavi™ Endoscopic Fluorescence Imaging System
(Optomedic Technique Inc., Guangdong, China) (Fig. 2) were implanted through the single-port
insu�ation kit. The endoscopic �uorescence imaging system emits an excitation light at 760 nm, which
produces the �uorescence of ICG that is displayed by computer processing. The near-infrared
�uorescence endoscopy also magni�es the area to easily detect the �uorescence of the ICG in the SLNs
and the lymphatic vessels connected to it (Fig. 3). The lymphatic vessels surrounding the SLNs were
clipped, and the SLNs visible with �uorescent lymph nodes (ICG +) and/or black-stained lymph nodes (CN
+) were removed (Fig. 4). The SLN specimens were removed through the single-port insu�ation kit and
sent for intraoperative frozen pathology. Patients who did not conform to the Z0011 criteria continued to
receive endoscopic axillary lymph node dissection through the single-port incision. On the contrary, if a
patient met the Z0011 criteria, then the surgical �eld was washed with physiological saline, and a silicone
drainage tube was placed to connect the negative pressure suction. The drainage tube was removed three
days after operation. Patients receiving single-port endoscopic subcutaneous mastectomy, breast-
conserving surgery, or implanted breast reconstruction were performed through the same single-port
incision to complete the follow-up single-port endoscopic surgery. Speci�c procedures and techniques of
single-port endoscopic breast surgery was described previously [6].

Group B (SPE-SLNB with CNs only)

CNs (0.5 mL) were injected into the outer and lower edge of the areola. The placement of the patient’s
posture, liposuction, and the establishment of surgical space were the same as in group A. The
endoscopic instruments and laparoscope were implanted through the single-port insu�ation kit. Then, we
separated the �brous connective tissue in front of the lens, identi�ed the black-stained SLN and its
connected lymphatic vessels, clipped the lymphatic vessels around the SLN, and removed all lymph
nodes stained with CNs. The extraction, treatment, and other surgical procedures of the specimens were
the same as in group A.

Group C (C-SLNB combined with ICG and CNs)
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Intradermal injection of 0.3 mg/mL of ICG and 0.2 mL of CNs were injected at the outer and lower
margins of the areola, respectively. Then, ICG �uorescence was excited and detected by an in vitro hand-
held �uorescence detector (Optomedic Technique Inc., Guangdong, China), and lymphatic drainage was
tracked in real time on the monitor. The incision was made 1 cm away from the disappearance of the
�uorescence. The �uorescent lymph nodes (ICG +) and/or black-stained lymph nodes (CN +) were
detected under direct vision, and the C-SLNB was completed. Once the SLN specimens were removed,
they were sent for intraoperative frozen pathology. The removal of specimens and the treatment of the
axilla were the same as group A. Finally, the breast surgery was performed through traditional open
surgery.

If the �uorescent lymphography was undetected, then we made a routine incision in the axilla of the
patient. When the skin and subdermal fat were incised, the black-stained lymph nodes were resected.

Evaluation of SLNs and arm function
The detection rate of SLNs, mean number of SLNs, and the physical function of the upper limbs were
evaluated. In order to evaluate the physical function of the upper limbs, clinicians performed sensory
evaluation at one month and six months after surgery. The patients were contacted by telephone for
follow-up. The upper arm pain score (PS) was measured by the visual analogue scale. If PS = 0, then it
was reported as no pain; if PS = 1–3, then it was reported as mild pain; if PS ≥ 4, then it was reported as
moderate to severe pain. The degree of sensory loss at the upper arm was also measured by the visual
analogue scale. The scale ranged from 0 (no change in sensation) to 10 (complete loss of sensation).

Statistical analysis
Variables between the three surgical techniques were compared using the chi-squared test and
independent sample t-test. All statistical analyses were performed using IBM SPSS Statistics ver. 26.0
(IBM Co., Armonk, NY, USA) software, and a p-value < 0.05 represented statistical signi�cance.

Results

Patient and tumor characteristics
Detailed information about patient characteristics and tumors was shown in Table 1. There were no
differences in mean age, body mass index, histological classi�cation, menopause status, or tumor
localization between the patients in the three groups. There were statistical differences in tumor size and
laterality.
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Table 1
Patient and tumor characteristics

Characteristic Group A (n = 20) Group B (n = 20) Group C (n = 20) p-value

Age (yr)       0.153

≤ 50 6 10 12  

> 50 14 10 8  

Body mass index (kg/m2)       0.540

≤ 18.4 0 1 0  

18.5–23.9 12 11 10  

24.0-27.9 8 7 9  

≥ 28 0 1 1  

Histologic type       0.729

Invasive ductal 17 18 17  

Invasive lobular 1 1 0  

Ductal carcinoma in situ 2 1 3  

Other types 0 0 0  

Tumor size (cm)       0.002

< 2.0 15 17 7  

2–5 5 3 13  

Menopause       0.215

Pre 5 6 10  

Post 15 14 10  

Laterality       0.007

Left 12 5 3  

Right 8 15 17  

Tumor localization       0.283

Upper outer 11 7 9  

Group A: Single-port endoscopic sentinel lymph node biopsy combined with indocyanine green and
carbon nanoparticles; Group B: Single-port endoscopic sentinel lymph node biopsy combined carbon
nanoparticles; Group C: Conventional sentinel lymph node biopsy combined with indocyanine green
and carbon nanoparticles.
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Characteristic Group A (n = 20) Group B (n = 20) Group C (n = 20) p-value

Lower outer 6 8 8  

Upper medial 2 0 2  

Lower medial 1 2 1  

Central 0 3 0  

Estrogen receptor status       0.065

Positive 5 3 1  

Negative 15 17 19  

Group A: Single-port endoscopic sentinel lymph node biopsy combined with indocyanine green and
carbon nanoparticles; Group B: Single-port endoscopic sentinel lymph node biopsy combined carbon
nanoparticles; Group C: Conventional sentinel lymph node biopsy combined with indocyanine green
and carbon nanoparticles.

SLN detection
The SLN detection rates for group A, group B, and group C were 100%, 100%, and 95%, respectively. SLNs
were detected successfully in group A and group B. The SLN in one patient in group C was not detected.
The detection rates of group A and group C and of group B and group C were compared separately, and
there were no statistical differences (p > 0.05).

Fluorescent lymphography was visible in group A and group C. In group A, the �uorescent
lymphangiography and �uorescent SLN was detected in 20 patients. Transcutaneous �uorescent
lymphography or black-stained lymph nodes were visible in 19 patients in group C.

In group A, group B, and group C, the total number of SLNs detected was 97 (68 were ICG+/CN+, 27 were
ICG+/CN-, and 2 were ICG-/ CN+), 65 (CN+), and 98 (68 were ICG+/CN+, 30 were ICG+/CN-, and 0 were
ICG-/ CN+), respectively. In addition, there was a signi�cant difference in the mean number of SLNs
between group A (4.85 ± 2.28, range: 1–9) and group B (3.25 ± 1.77, range: 0–6) (p < 0.05), and there was
a signi�cant difference in the mean number of SLNs between group B and group C (4.90 ± 2.27, range: 1–
9) (p < 0.05). There was no statistical difference between group A and group C.

Metastasis rate of SLNs
In group A, three tumor-positive patients were detected with seven metastatic SLNs in the para�n
pathology (�ve were ICG+/CN+, two were ICG+/CN-, and zero were ICG-/CN+). In group B, there was one
positive patient with two metastatic SLNs. In group C, there were two positive patients with six metastatic
SLNs (three were ICG+/CN+, three were ICG+/CN-, and zero were ICG-/CN+).

The physical function of the upper limbs
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The average pain scores of group A, group B, and group C at one month after surgery were 2.65 ± 0.93,
2.35 ± 1.03, and 3.20 ± 0.70, respectively. The average pain scores of group A, group B, and group C at six
months after surgery were 0.95 ± 0.69, 1.15 ± 0.81, 1.50 ± 0.76, respectively. The average sensory loss
scores of group A, group B, and group C at one month after surgery were 5.40 ± 0.88, 5.35 ± 1.08, and
5.50 ± 0.89, respectively. The average sensory loss scores of group A, group B, and group C at six months
after surgery were 4.70 ± 0.92, 4.40 ± 1.35, and 4.65 ± 1.09, respectively. There were no statistical
differences between the three groups in average pain scores and average sensory loss scores (Table 2).

Table 2
Pain and sensory loss scores at one month and six months after surgery

  Group A Group B Group C p-value#

Average pain score at one month 2.65 ± 0.93 2.35 ± 1.03 3.20 ± 0.70 0.081

Average pain score at six months 0.95 ± 0.69 1.15 ± 0.81 1.50 ± 0.76 0.075

Average sensory loss score at one month 5.40 ± 0.88 5.35 ± 1.08 5.50 ± 0.89 0.881

Average sensory loss score at six months 4.70 ± 0.92 4.40 ± 1.35 4.65 ± 1.09 0.672

#: The ANOVA test was used to evaluate differences between the three groups. Group A: Single-port
endoscopic sentinel lymph node biopsy combined with indocyanine green and carbon nanoparticles;
Group B: Single-port endoscopic sentinel lymph node biopsy combined carbon nanoparticles; Group
C: Conventional sentinel lymph node biopsy combined with indocyanine green and carbon
nanoparticles.

Discussion
SLNs are the �rst lymph nodes that cancer cells are most likely to spread to from the primary tumor. The
accurate and complete visualization of the lymphatic vessels and sentinel lymph nodes is crucial for
detecting metastasis and accurately staging the cancer. ICG-enhanced �uorescence was introduced to
improve the detection of SLNs in early breast cancer during conventional open surgery and was found to
be safe and effective [8, 9]. However, in C-SNLB the location of the lymph node is judged by the position
of the disappearance of the lymphatic vessel and cannot be accurately detected before creating an
incision. Therefore, our center uses SPE-SLNB combined with an endoscopic �uorescence imaging
system that magni�es and directly excites the ICG to overcome this disadvantage. However, few studies
have shown if SPE-SLNB has similar detection rates and is as safe as C-SLNB. In this study, our center
tested a novel method of using ICG as a tracer while performing SPE-SLNB.

There was no signi�cant difference in the SLN detection rates between the three groups. This result
indicates that SPE-SLNB combined with ICG and CNs is just as reliable at detecting SLNs as C-SLNB. It
should be noted that in group C, detection of the SLNs through the skin failed in one patient. This is due
to the limitation of approximating the position of the SLN by the disappearance of the �uorescent
lymphatic vessels. Kitai et al [10] reported a similar observation in which one patient out of eighteen who
received C-SLNB failed to detect the �uorescence of ICG. Similarly, Guo et al [11], who used ICG combined
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with a methylene blue tracer, found that 16/200 cases of C-SLNB failed to detect �uorescent SLNs
through the skin. In traditional surgery, only the �uorescence excited by the super�cial lymphatic vessels
could be detected after the injection of ICG. However, the �uorescence of SLNs that are further from the
body surface cannot be directly detected by conventional methods before creating an incision. To
overcome this challenge, our center established the use of ICG-enhanced �uorescence imaging with a
near-infrared �uorescence endoscopy while performing SPE-SLNB. The near-infrared �uorescence
endoscopy placed deep in the axillary enlarges the SLNs and directly visualizes the SLNs that emit strong
�uorescence. This avoids the inability of detecting SLNs that can be hidden deep within skin and
subcutaneous tissue during C-SLNB. Moreover, when performing other single-port endoscopic breast
surgery, such as single-port endoscopic breast-conserving surgery, single-port endoscopic subcutaneous
mastectomy, and single-port endoscopic breast reconstruction, it is advantageous to perform the SLNB
through the single-port incision. By combining ICG and SPE-SLNB, we are able to reliably accomplish the
axillary lymph node staging with the same single-port incision.

The mean number of SLNs detected in group A and group C (which were traced by ICG + CNs) was
signi�cantly more than that of group B (which was traced by CNs alone) (p < 0.05). The mean number of
SLNs detected between group A and group C was not statistically signi�cant (p = 0.944). This result
shows that SPE-SLNB can detect as many SLNs as C-SLNB, indicating the reliability of this technique.
According to previous studies [12–14], increasing the number of SLNs removed will lead to improved
accuracy and a decreased false negative rate. When the detection number of SLNs reaches 3–4, the
accuracy rate is stable at 95%, and the false negative rate is below 5%.

When comparing group A with group B, the result suggested that the use of ICG signi�cantly increased
the mean number of SLNs detected. This is likely due to the novel use of the near-infrared �uorescence
endoscopy. The use of this tool allows the surgeon to directly visualize the SLN that is emitting the
�uorescence. It is also important to note that ICG has a stronger a�nity for the lymphatic system than
CNs due to the molecular structure and diameter of ICG [15]. Another reason may be that the detection of
CNs is via the naked eye, and interference caused by electric knife eschar and intraoperative bleeding
would affect identi�cation of CN-traced SLNs. In contrast, ICG is excited via the endoscopic �uorescence
imaging system, which allows for the �uorescence to be easily detected. Moreover, in group A, �ve of the
seven metastatic SLNs were ICG+/CN+, and 0 were ICG-/CN+. In group C, three of the six metastatic SLNs
were ICG+/CN+, and 0 were ICG-/CN+. This indicates that ICG is a reliable tracer for metastatic SLNB.
Importantly, two metastatic SLNs were ICG+/CN- in group A, and three metastatic SLNs were ICG+/CN- in
group C. If ICG had not detected these metastatic SLNs, then the patients would have received false
negative results.

Patients who receive axillary surgery may suffer from nerve injury and shoulder dysfunction as a result
[16]. We observed that there were no statistically signi�cant differences in pain or sensory loss between
the three surgical groups at both timepoints. Another study reported that patients who received
endoscopic-SLNB had less upper limb pain and anesthesia after surgery than patients who received
conventional open SLNB [17]. This discrepancy may be due to the small sample size of this study.
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However, this observation shows that SPE-SLNB and C-SLNB affect the upper limb in a similar way and
thus displays the safety of this surgical technique.

Conclusion
The novel combination of the single-port, the use of ICG, and the introduction of the near-infrared
�uorescence endoscopy can achieve a satisfactory SLN detection rate while performing other endoscopic
breast surgeries. We observed that the application of SPE-SLNB combined with ICG and CNs is as safe
and e�cacious as C-SLNB with the added bene�t of reducing the number of missed SLNs and the
subsequent false negative rate. Because this study was not a randomized study, some of the patient
characteristics, such as the tumor size and laterality, were not even between the three groups. A
randomized controlled trial with a larger sample size is needed to further con�rm the bene�ts of SPE-
SLNB combined with ICG and CN observed in this study.
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Figure 1

The single-port incision was created with the single-port insu�ation kit. Indocyanine green and carbon
nanoparticles were injected at the out and lower margins of the areola

Figure 2
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The FloNaviTM Endoscopic Fluorescence Imaging System

Figure 3

Example of parallel display mode. The near-infrared �uorescence endoscopy can easily detect the
�uorescence of the indocyanine green in the sentinel lymph nodes and the lymphatic vessels connected
to them

Figure 4

The left and right lymph nodes were stained with both indocyanine green (�uorescence) and carbon
nanoparticles (black stain). The middle lymph node was only stained with carbon nanoparticles


