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ABSTRACT

Recently, several breast surgeons have reported a new method for sentinel lymph node 
biopsy (SLNB) by using indocyanine green (ICG) with infrared camera. This study aimed to 
determine whether the lymph nodes (LNs) with ICG uptake are true SLNs and to assess the 
reliability of using only ICG for SLNB. Data were prospectively collected between April and 
September 2021. All palpable LNs were fat-trimmed and ordered from high to low signal of 
the gamma detector. The degree of radioisotope uptake and brightness of ICG staining of 
the axillary LNs detected with a fluorescent camera were compared and associated factors 
were analyzed. Discordance was defined as sentinel LNs (SLNs) showing a single uptake 
of radioisotope or fluorescence of ICG only, or when the orders of uptake and intensity 
degree were different between the 2 materials. A total of 79 SLNBs were performed on 78 
patients with breast cancer. The breast cancer was classified as cTis-2N0-1. The discordance 
rate was 14/79 (17.7%) overall and 45/270 (16.7%) of the total retrieved axillary LNs. The 
first SLNs showed the lowest discordance rate of 6.3%, whereas the second and third SLNs 
showed higher discordance rates of 27.6% and 60.0%, respectively. There were no associated 
clinicopathologic factors that affected the discordance between uptake of radioisotope and 
fluorescence intensity of ICG. The use of ICG alone for SLNB may be insufficient because of 
the high discordance rates between radioisotopes and ICG uptake. However, the first SLN 
could be cautiously regarded as a true SLN.
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INTRODUCTION

Axillary staging is an essential factor for predicting the prognosis of breast cancer [1-3]. 
This can be performed either by sentinel lymph node biopsy (SLNB) or axillary lymph node 
dissection (ALND), both of which are diagnostic and therapeutic (for the staging and removal 
of metastatic LNs, respectively). However, indiscriminate resection of axillary LNs can 
reduce the quality of life owing to postoperative pain, seroma, lymphedema, and movement 
restriction [4,5]. Therefore, for decades, SLNB has been assessed using radioisotopes or 
blue dyes (e.g., indigo carmine, methylene blue), and the retrieved LNs were evaluated by 
pathologists for the presence of metastasis from breast cancer [6-8]. Although the dual 
method has a higher sensitivity, using only a single technique is sufficient for some well-
experienced surgeons. Recently, the coronavirus disease 2019 (COVID-19) pandemic has 
interrupted the import and export of many items [9,10]. Furthermore, indigo carmine cannot 
be produced owing to the lack of raw materials in Korea. Because of these circumstances, 
several breast surgeons have attempted to use an alternative staining dye that can replace the 
blue dye, and indocyanine green (ICG) has been identified as a candidate.

The usefulness of ICG has been established in both clinical and surgical fields, such as 
its utility in angiography (even intraoperatively), measurement of cerebral blood flow in 
neurosurgery, assessment of hepatic function and blood flow of harvested flaps, and SLNB in 
breast cancer [11-15]. Several studies have reported that using an infrared camera, ICG can be 
used to detect axillary LNs owing to its fluorescent properties and that these axillary LNs are 
well matched with sentinel LNs (SLNs). However, these studies only proved the feasibility of 
ICG for SLNB.

This study aimed to determine whether LNs exhibiting fluorescence intensity of ICG are 
true SLNs and to assess the reliability of using only ICG for SLNB. This was performed by 
comparing the order of intensity between radioisotope uptake and ICG brightness. We also 
calculated the discordance rate in all retrieved axillary LNs and evaluated the associated 
clinicopathological factors.

METHODS

Between April and September 2021, 79 SLNBs in 78 female patients with cTis-2N0-1 breast 
cancer were performed at Kyungpook National University Chilgok Hospital. All procedures 
performed involving human participants were in accordance with the ethical standards of 
the institutional and/or national research committee and with the 1964 Helsinki declaration 
and its later amendments or comparable ethical standards. This study was approved by 
the institutional review board Kyungpook National University Chilgok Hospital (KNUCH 
2021-08-018). Informed consent was obtained from all participants included in the study. 
All breast cancers were diagnosed prior to surgery as either noninvasive or invasive via 
needle biopsy; if a suspicious LN was detected in the axilla, fine-needle aspiration cytology 
was performed. Patients in whom SLNB failed and those with breast cancer diagnosed via 
excision biopsy or vacuum-assisted breast biopsy were excluded because of the possibility of 
incomplete lymphatic channels (Figure 1). Patients who received neoadjuvant chemotherapy 
were also excluded from this study because of the possibility of altered lymphatic channels 
due to treatment.
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After breast cancer was diagnosed by needle biopsy, the clinical stage, number, and location 
of the tumor were evaluated via mammography, ultrasonography, and breast magnetic 
resonance imaging prior to surgery. All the patients provided written informed consent to 
participate in the study.

Breast cancer is usually managed via breast-conserving surgery or mastectomy, and the 
surgical margins are assessed via intraoperative frozen sections in breast-conserving surgery. 
Two breast surgeons performed the surgeries for breast cancer.

Surgical technique for SLNB
For SLNB using radioisotopes, 99Tc-phytate was injected by nuclear medicine physicians 
either in the afternoon on the day before surgery or on the morning of the day of surgery. 
After patients were administered general anesthesia, 25 mg of ICG (Daiichi Sankyo, Tokyo, 
Japan) was diluted with 10 mL of pure water; 1 mL of ICG solution was injected on the 
superior side of the areola, and a betadine drape was administered for breast cancer surgery. 
Because ICG is rapidly cleared from the circulatory system (half-life of only 2–4 minutes), 
SLNB was performed prior to removal of the breast cancer tissue [16].

An axillary incision of 2 cm was made and standard procedures for SLNB were performed. 
SLNs were defined as 99Tc-phytate-containing LNs detected using a comprehensive gamma 
detection system (Neoprobe®; Ethicon Endo-Surgery, Inc., Cincinnati, USA), which 
contained ≥ 10% of the radioactive count of the hottest LN [17,18]. In the bundles of axillary 
tissues containing LNs, other LNs that were palpable but not detected using the gamma 
detector were defined as non-SLNs.

All palpable LNs were fat-trimmed using mayo scissors and ordered from high to low signal 
of the gamma detector and from large to small size. These fat-trimmed LNs were illuminated 
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Total SLNB
(n = 79)

Total retrieved LNs
(n = 270)

SLNs
(n = 118)

ICG uptake (+)
(n = 99)

ICG uptake (−)
(n = 19)

Discordance Accordance

ICG uptake (+)
(n = 26)

ICG uptake (−)
(n = 126)

Non-SLNs
(n = 152)

Radioisotope uptake (+) Radioisotope uptake (−)

Figure 1. Patient selection diagram for comparison of uptake of radioisotope and ICG for SLNB in breast cancer. 
SLNB = sentinel lymph node biopsy; LN = lymph node; SLN = sentinel lymph node; ICG = indocyanine green.



using an integrated fluorescence imaging solution (FLUOOPTICS©, Grenoble, France) to 
identify those containing ICG.

After removal of the SLNs, the axilla was rechecked for uptake of the radioisotope and 
fluorescence intensity of ICG to confirm whether any portion of the SLN remained.

Protocol of ICG injection for SLNB
In a preliminary study, various protocols were designed to determine the best protocol for 
ICG detection in SLNs. First, different injection times were used, specifically 30, 20, and 10 
minutes before SLNB. Second, different injection sites were tested, namely, at the superior 
aspect of the periareolar area and the upper outer quadrant of the ipsilateral breast. Third, 
the protocol was tested with and without manual massage after ICG injection. Based on the 
results of the preliminary study, the protocol was determined as follows: 20 minutes before 
SLNB, peri-areolar site, and without manual massage. When ICG was undetectable in the 
axillary LNs, ICG was assumed to have either already passed or did not reach the area.

Comparison between radioisotope uptake and fluorescence intensity of ICG 
in LNs
The number of SLNs and non-SLNs was determined based on fluorescent signal intensity and 
LN size, respectively. LNs containing ICG were assessed using the integrated fluorescence 
imaging system, and these results were compared with those of LNs containing radioisotopes 
to determine concordance and discordance. The results of the 2 methods were compared by 
3 different breast surgeons. While using a near-infrared camera to measure the fluorescence 
intensity of ICG, the image was captured, and the uptake of the radioisotope was recorded. 
The 3 breast surgeons verified the fluorescence intensity of ICG through the images using 
ImageJ (National Institutes of Health, Bethesda, USA) and subsequently confirmed the 
concordance between ICG and radioisotope results.

“Concordance” was defined as a case in which the order of the amount of radioisotope uptake 
and the intensity of ICG brightness was in agreement when the ICG was detected in LNs. 
If the uptake of radioisotope and fluorescence intensity of ICG did not match or the order 
of brightness of ICG did not match the order of uptake of radioisotope, it was defined as a 
“discordant” case (Figure 2).

The clinical variables assessed included age, body mass index, type of breast and axillary 
surgery, clinical and pathological stages, tumor type, number of metastatic and retrieved 
axillary LNs, immunohistochemical staining results, mean operation time, and treatment 
modalities. The treatment variables assessed included adjuvant chemotherapy, radiotherapy, 
hormone therapy, and targeted therapy.

Statistical analyses were performed using SPSS version 25 (SPSS Inc., Chicago, USA). To 
determine the related clinical factors that affect the concordance between radioisotope 
uptake and ICG expression in axillary LNs, the χ2 test or Student’s t-test was used, depending 
on the presence of categorical or continuous variables. Statistical significance was set at 
p-values < 0.05.
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RESULTS

There were 79 cases of SLNBs performed in 78 patients using radioisotopes and ICG in 
Kyungpook National University Chilgok Hospital. The mean age of the patients was 57.8 
years (standard deviation [SD]: ± 10.9), and their mean body mass index was 23.8 kg/m2 
(SD: ±4.1). Although 3 patients were diagnosed with Tis (ductal carcinoma in situ), SLNBs 
were performed because of the possible presence of invasive lesions in breast cancer. Most 
patients exhibited clinical T1 (55/79, 69.6%) and N0 (76/79, 96.2%) breast cancer. The mean 
number of LNs obtained for SLNB was 3.4 (SD: ±1.24), and the mean number of retrieved 
and metastatic axillary LNs was 5.4 (SD: ±3.1) and 0.2 (SD: ±0.5), respectively. In addition, 
74 patients had SLNs only, whereas in 4 patients, SLNB was followed by ALND because of the 
large burden of tumor metastasis. The radioisotope was injected into the peri-tumoral site 
either the afternoon before (47/79, 59.5%) or early in the morning of (32/79, 40.5%) on the 
day of surgery.

The total discordance rate of axillary LNs was 17.7% (14/79), and this rate was slightly higher 
in non-SLNs than in SLNs. The discordance rate was only 6.3% (5/79) in the first SLN, 
whereas this was 27.6% (8/29) and 60.0% (6/10) in the second and third SLN, respectively 
(Table 1). The discordance rate was higher in later-order SLNs than in earlier-order non-
SLNs. Furthermore, all first SLNs in concordant cases showed the highest brightness of ICG 
on the infrared camera (Table 1). The detection rate of radioisotopes and ICG for FNA-proven 
metastatic LNs was 66.6% (2/3). None of the variables were statistically significant in the 
analysis (Table 2).

DISCUSSION

SLNB using radioisotopes and indigo carmine is widely performed in breast cancer. Since the 
early 1990s, radioisotopes and blue dyes have become standard detection methods for SLNs 
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Accordance

SLN #1 Non-SLN #1 Non-SLN #2 SLN #1 Non-SLN #1 Non-SLN #2

Discordance

*
*

SLN #1

Radioisotope

ICG

Non-SLN #1 Non-SLN #2

+ − −

SLN #1

Radioisotope

ICG

Non-SLN #1 Non-SLN #2

+ − −

Figure 2. Definition of concordance and discordance between uptake of radioisotope and fluorescence intensity 
of ICG for SLN biopsy in breast cancer. Concordance was defined as SLNs showing identical results and orders in 
the uptake of radioisotope and fluorescence intensity of ICG. Discordance was defined as SLNs showing a single 
uptake of radioisotope or fluorescence of ICG (asterisk) only or when the orders of uptake and intensity degree 
were different between the 2 materials. 
SLN = sentinel lymph node; ICG = indocyanine green.



in breast cancer [7,8]. Several studies have shown that they have the highest accuracy when 
used together [19,20]. However, the restrictions imposed by the COVID-19 pandemic have 
made it impossible to import raw materials for indigo carmine production in South Korea 
[9,10]. Therefore, an alternative dye for staining SLNs in breast cancer was sought, and ICG 
was selected for evaluation during SLNB. The benefits of using ICG for SLNB include a high 
detection rate, low cost, and simplicity of use [21]. Previous studies have reported that ICG 
is equivalent to the radioisotope for SLNB in patients with breast cancer [22,23]. However, 
the concordance between the order derived from the amount of radioisotope uptake and the 
intensity of ICG fluorescence during SLNB is yet to be studied.

In this study, approximately 83%–84% of retrieved axillary LNs were identical in the uptake 
of radioisotope and fluorescence intensity of ICG, regardless of whether they were SLNs or 
non-SLNs. However, 16.7% had inconsistent results between the 2 methods. Although the 
first SLNs showed a very high concordance rate of 93.7%, the second and third SLNs showed 
much lower rates of 73.4% and 40.0%, respectively. Conversely, although the first non-SLNs 
showed the highest discordance rate, this may not be reliable because the order of non-SLNs 
was not associated with radioisotope uptake. Considering these results, an axillary LN that 
shows the highest brightness of ICG can be regarded as the true first SLN.

To our knowledge, this is the first study to compare each retrieved axillary LN and distinguish 
between SLNs and non-SLNs. Although the obtained results have significant clinical implications, 
some limitations exist. This was a single-center study with a relatively small number of patients 
with early breast cancer. In addition, the presence or level of brightness of ICG fluorescence may 
be somewhat subjective. However, to confirm the feasibility of the ICG test in breast cancer, 
a multicenter, randomized clinical trial with a larger number of patients is warranted, and 
additional studies are needed in patients with early-stage and advanced breast cancer.

In conclusion, when SLNB in breast cancer is performed using only ICG without 
radioisotopes, an axillary LN with the highest fluorescence intensity of ICG can be regarded 
as the true first SLN based on high reliability. However, the use of ICG alone for SLNB is 
insufficient owing to the relatively high discordance rate between the second SLNs and non-
SLNs. In cases where an axillary LN contains a metastatic focus of breast cancer, it may be 
difficult to distinguish whether the pattern of axillary metastasis is serial or skip.
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Table 1. Comparison between radioisotope detection and ICG detection in each axillary lymph node including 
SLNs and non-SLNs
Characteristics ICG detection ICG non-detection Discordance rate (%)
Radioisotope detection

SLN #1 (n = 79) 74 (93.7) 5 (6.3) 6.3
SLN #2 (n = 29) 21 (72.4) 8 (27.6) 27.6
SLN #3 (n = 10) 4 (40.0) 6 (60.0) 60.0
Total 19/118 (16.1)

Radioisotope non-detection
Non-SLN #1 (n = 73) 22 (30.1) 51 (69.9) 30.1
Non-SLN #2 (n = 49) 4 (8.2) 45 (8.2) 8.2
Non-SLN #3 (n = 23) 0 23 (100.0) 0
Non-SLN #4 (n = 7) 0 7 (100.0) 0
Total 26/152 (17.1)

Total retrieved lymph nodes 45/270 (16.7)
Total cases 14/79 (17.7)
Values are presented as number (%).
SLN = sentinel lymph node; ICG = indocyanine green.
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