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Abstract 

Background  Recent studies have shown that near-infrared (NIR) fluorescence imaging using Indocyanine green 
(ICG) may improve the efficiency of sentinel lymph node biopsy (SLNB). This study aimed to assess the effectiveness of 
the combination of ICG and methylene blue (MB) in breast cancer patients undergoing SLNB.

Patients and method  We evaluated ICG plus MB (ICG + MB) identification effectiveness with MB alone using retro‑
spective analysis. From 2016 to 2020, we collected data on 300 eligible breast cancer patients who got SLNB treat‑
ment in our institution by ICG + MB or MB alone. By comparing the distribution of clinicopathological characteristics, 
the detection rate of sentinel lymph nodes (SLNs) and metastatic SLNs, as well as the total number of SLNs in the two 
groups, we were able to assess the imaging efficiency.

Results  Fluorescence imaging allowed 131 out of 136 patients in the ICG + MB group to find SLNs. ICG + MB group 
and MB group had detection rates of 98.5% and 91.5% (P = 0.007, χ2 = 7.352), respectively. Besides, the ICG + MB 
approach was able to produce improved recognition outcomes. What’s more, compared with the MB group, the 
ICG + MB group can identify more lymph nodes (LNs) (3.1 to 2.6, P = 0.000, t = 4.447). Additionally, in the ICG + MB 
group, ICG could identify more LNs than MB (3.1 vs 2.6, P = 0.004, t = 2.884).

Conclusion  ICG has high detection effectiveness for SLNs, and when paired with MB, the detection efficiency can 
be increased even further. Furthermore, the ICG + MB tracing mode does not involve radioisotopes, which has a lot of 
promise for clinical use and can take the place of conventional standard detection methods.
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Background
The condition of axillary lymph nodes is essential for the 
treatment and prognosis of breast cancer patients [1]. 
Sentinel lymph node biopsy (SLNB) is widely used to 
evaluate axillary lymph node staging, which is consid-
ered a standard treatment method for patients with early 
breast cancer without axillary lymph node metastasis [2].

At present, the commonly used method for finding 
sentinel lymph nodes (SLNs) is a combination of radio-
nuclide and blue dye [3]. The radionuclide approach has 
the benefits of precise location and simplicity of use, 
however, it requires specialized detecting equipment 
and is costly. Importantly, it also has disadvantages like 
radioactive pollution. These flaws compel us to search 
for effective tracers devoid of radioactivity. Methyl-
ene blue (MB) can be used as a tracer to detect SLNs, 
because it has a high identification rate, specificity, and 
sensitivity according to many studies in China [4]. As 
a result, numerous institutions in developing countries 
started performing SLNB using MB alone. The MB 
approach offers the benefits of low-cost and simple pre-
operative preparation while also protecting clinicians 
and patients from radiation damage. However, disad-
vantages such as a high leakage rate, long visualization 
time, and difficult incision selection may have a nega-
tive impact on the patient’s prognosis [5, 6].

In recent years, ICG has been used for breast cancer 
patients who underwent SLNB, which is reported to 
be a highly sensitive method [6]. In this method, ICG 
is injected subcutaneously, and an excitation light-
ing system and a highly sensitive camera are used to 
track the process of ICG reaching SLNs through lym-
phatic vessels in real-time. Due to the principle of near-
infrared fluorescence imaging being similar to that of 
the radionuclide method, the combination of ICG and 
MB (ICG + MB) has great potential for clinical applica-
tion and is expected to replace the dual tracer method 

of radionuclide and dye [6]. ICG + MB in SLNB of 
early breast cancer has been routinely carried out in 
our hospital. Therefore, we retrospectively analyzed 
the detection rate and number of SLNs in patients 
with ICG + MB with MB alone, and the clinicopatho-
logical factors were also analyzed to evaluate whether 
ICG + MB can improve the performance of SLNs track-
ing in patients with early breast cancer.

Materials and methods
Inclusion criteria
We included the data of 300 breast cancer patients who 
received surgical treatment in Wenzhou Central Hos-
pital from March 2016 to March 2020. These patients’ 
postoperative pathological staging ranged from T1N0M0 
to T2N2M0 (Judging criteria according to CSCO guide-
lines). However, patients with secondary surgery, huge 
tumor, incomplete imaging, radiotherapy or chemother-
apy, and distant metastasis were excluded.

Materials
SLNs tracer uses 2 ml MB injection with a concentration 
of 1% (Jichuan Pharmaceutical Group Co., Ltd.) and 1 ml 
ICG solution with a concentration of 1.25% (Dandong 
Yichuang Pharmaceutical Co., Ltd.). Fluorescence detec-
tor uses a fluorescent vascular imager (Mingde Pharma-
ceutical Co., Ltd).

Methods
MB staining
Inject 2 ml MB injection subcutaneously into the affected 
breast areola and massage for 5 min. Select the incision 
to parallel to the axillary fold wall, and remove the blue-
stained SLNs under the guidance of MB.

Fig. 1  SLNs development status under ICG + MB A The development of SLNs observed by the naked eye; B The development state of the same 
SLNs on the left side under the fluorescence instrument, and the intraoperative records were as follows: ①B/G, ②B/G, ③B/G, ④B/G, ⑤G, ⑥G。
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ICG + MB method
Three min after injection of 1 ml MB (the same method 
as above), observe the fluorescence development imme-
diately after injection of 1 ml ICG again, 2 min after ICG 
injection, the skin incision was made according to the 
direction of lymphatic vessels, and the blue stained and 
fluorescent SLNs were removed together. The removed 
nodules were divided into three groups: B (MB staining), 
G (fluorescent imaging), and B/G (MB staining and fluo-
rescent imaging), as shown in Fig. 1.

Statistical methods  SPSS25.0 statistical software was 
used to analyze the data. The measurement data are 
expressed by mean ± standard deviation (x ± s), using a 
t-test; And the counting data are expressed by rate (%), 
using χ2 test. The difference was statistically significant 
(P < 0.05).

Result
General information
The general data of patients are shown in Table 1. In the 
ICG + MB group, the lesions of 75 patients were located 
in the left breast (55.1%). The tumor of 48 patients was 
located in the Upper outer quadrant (35.3%), the diam-
eter (d) of the focus in most patients does not exceed 

two centimeters (cm) (75.7%), and the body mass index 
(BMI) of 89 patients was within the normal range 
(65.4%). Additionally, a total of 164 patients were traced 
with MB, the tumor of 75 patients were located in 
the left breast (53.0%), 61 patients were located in the 
Upper outer quadrant (37.2%), most of the tumors were 
d ≤ 2  cm (68.3%), and 99 patients had a BMI within the 
normal range (60.4%). There was no significant differ-
ence between the ICG + MB method and the MB stain-
ing method in tumor site, tumor distribution, tumor size, 
and BMI.

Comparison of detection rate of SLNs between ICG + MB 
and MB
SLNs were successfully detected in 134 of 136 patients 
in the ICG + MB group (98.5%, 134/136), while 150 of 
164 patients in the MB group (91.5%, 150/164) P = 0.007, 
χ2 = 7.352. Among 134 patients who successfully detected 
SLNs in the ICG + MB group, 20 patients had lymph 
node metastasis, with a positive rate of 14.7%, however, 
there was no significant difference between the ICG + MB 
group and the MB group (p = 0.135, χ2 = 2.230). The 
ICG + MB group showed a total of 421 SLNs, with an 
average of 3.1 ± 0.9. The MB alone showed a total of 425 
SLNs, with an average of 2.6 ± 1.1 (p = 0.000, t = 4.447). 
As is shown in Tables 2 and 3.

Analysis of SLNs in the ICG + MB group
Among 136 breast cancer patients in the ICG + MB 
group, 2 patients failed to detect SLNs (1.5%). SLNs were 
successfully detected in 134 patients (98.5%), includ-
ing 131 patients (96.3%) with ICG imaging; 124 patients 
(92.5%) were successfully developed with MB. A total of 

Table 1  Clinical data of breast cancer patients

ICG Indocyanine green, MB Methylene blue, T Tumor, BMI Body mass index

ICG + MB 
(n = 136)

MB (n = 164) P value

N % N %

Tumor site 0.43

  Left breast 75 55.1 87 53.0

  Right breast 61 44.9 77 47.0

Tumor distribution 0.67

  Upper outer 48 35.3 61 37.2

  Lower outer 11 8.1 8 4.9

  Upper inner 35 25.7 42 25.6

  Lower inner 7 5.1 8 4.9

  Posterior nipple 1 0.7 4 2.4

  Right inner side 5 3.7 11 6.7

  Right outer side 11 8.1 18 11

  Directly above 8 5.9 10 6.1

  Directly below 10 7.4 2 1.2

Tumor size 0.15

  T1 (0-2 cm) 103 75.7 112 68.3

  T2 (2-5 cm) 33 24.3 52 31.7

BMI (Kg/m 2 ) 0.26

  < 19 14 10.3 23 14.0

  19–25 89 65.4 99 60.4

  ≥ 25 33 24.3 42 25.6

Table 2  SLNs detection results of ICG + MB group and MB group

ICG Indocyanine green, MB Methylene blue, N Numbers, SLNs Sentinel lymph 
nodes

ICG + MB 
(n = 136)

MB (n = 164) P

N % N %

SLNs 134 98.5 150 91.5 p = 0.007(χ2 = 7.352)

SLNs ( +) 20 14.7 15 9.1 p = 0.135(χ2 = 2.230

Table 3  Comparison of the number of SLN among groups

ICG Indocyanine green, MB Methylene blue, LNs Lymph nodes, Χ± S 
Mean ± Standard deviation

ICG + MB 
(n = 136)

MB (n = 164) P

LNs Χ ± S LNs Χ ± S

Numbers 421 3.1 ± 0.9 425 2.6 ± 1.1 P < 0.005(t = 4.447)
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421 SLNs were detected in the ICG + MB group (mean 
3.1 ± 0.9). 412 SLNs were detected in the ICG group 
(mean 3.0 ± 1.0); There were 359 SLNs developed with 
MB (mean 2.6 ± 1.2). The number of SLNs detected by 
the ICG + MB method was higher than that of MB in the 
group (P = 0.001, t = 3.513). The number of SLNs devel-
oped by ICG in the group was higher than that developed 
by MB (P3 = 0.004, t = 2.884). It was also found that there 
was no significant statistical difference in the number of 
SLNs developed between the ICG + MB group and the 
ICG in the group (P2 = 0.561, t = 0.582). Intra-group anal-
ysis showed that ICG had a better tracing effect than MB, 
and when ICG was combined with MB, the development 
efficiency was increased, although statistically insignifi-
cant, this may be related to the small sample size. As is 
shown in Table 4.

Discussion
This is a retrospective study to evaluate whether the addi-
tion of ICG to the widely used MB method can improve 
SLNs recognition in patients with early breast cancer. 
We concluded that the detection rate of SLNs with the 
ICG + MB group was significantly higher than that with 
MB alone (98.5% vs 91.5%). This finding is consistent 
with earlier research [7, 8].

The ICG + MB mode with a high recognition rate and 
high accuracy is expected to become a new non-radioac-
tive SLN tracking scheme. The use of alternative radioac-
tive reagents is quite attractive, especially in institutions 
where radioisotopes are not readily available. Ballardini 
et  al. of the European Institute of Oncology reported a 
trial that compared the tracking ability of ICG and 99mTc 
in 134 breast cancer patients. The research results of 
this equivalent design prove that the detection rate of 
SLNs using the ICG method is not less than.99mTc [9, 
10]. Although Ahmed M. criticized the lack of standard 
dual mapping technology in Ballardini’s research, it still 
showed hope to replace radioactive tracers with ICG 
[11–13].

We can conclude from this study that the SLNs detec-
tion rate of ICG + MB is 7.0% higher than that of MB, 
which is equivalent to the difference between the double 
staining method including standard radioisotopes and 
the single use of dyes, indicating that ICG has a good 

tracing effect [14, 15]. Although few studies compare the 
SLNs recognition performance of ICG with that of the 
nuclide + dye method, we can indirectly conclude that 
ICG + MB is the most likely alternative method at present 
[16, 17].

ICG can not only improve the detection rate of SLNs 
but also detect more metastatic SLNs [18]. Initially, 
ICG has an extremely high sensitivity to develop some 
SLNs undetected by MB. This research result shows 
that the average number of SLNs detected by ICG + MB 
is 3.1, which is greater than the average number of 
SLNs detected by the MB method. Similar to previous 
studies [19]. We hypothesize that the high visibility of 
ICG’s high-resolution near-infrared equipment is what 
accounts for its exceptional sensitivity. The results of two 
meta-analyses showed that detecting more SLNs status 
(3 to 4 nodes) could better understand the status of axil-
lary lymph nodes and was also related to the prognosis of 
patients, while only one SLN could not fully represent the 
axillary status [20, 21].

As previously reported, ICG has several limitations. 
Firstly, the penetration of NIR fluorescence in tissues is 
lower than γ radial, which cause a worrying problem [22]. 
The use of ICG tracing for obese breast cancer patients 
will lead to the detection failure of SLNs. Although Kitai 
reported the axillary skin compression technology that 
has not been used in the current study, there was no sig-
nificant difference between obese patients (BMI ≥ 25) and 
non-obese patients [23]. However, Grischke’s research 
result shows that when the patient’s BMI is lower than 40, 
the detection rate of ICG for SLNs has not been affected. 
Only when the patient’s BMI is higher than 40, the detec-
tion rate of ICG for SLNs will decline [24]. Few Chinese 
patients have a BMI > 30, which is consistent with the 
patient information included in this study. Therefore, in 
China, low penetration of ICG will not become an obsta-
cle to the clinical application [25]. Secondly, ICG also has 
the feature of fluorescence quenching. According to rele-
vant reports, with the increase of ICG concentration, the 
fluorescence signal of ICG will be quenched (the reduc-
tion of fluorescence emission). Mieog recommended 
0.62  mg as the optimal injection dose of ICG after the 
study [26]. However, there is no consensus on the opti-
mal dose of ICG. Based on the previous study, we chose 

Table 4  Staining details of SLNs in the ICG + MB group

ICG Indocyanine green, MB Methylene blue, N Numbers, LNs Lymph nodes (LNs), Χ± S Mean ± Standard deviation

N = 136 ICG + MB group 
a(n = 134)

MB group b(n = 124) ICG group c(n = 131) P1(a vs b) P2(a vs c) P3(b vs c)

LNs Χ ± S LNs Χ ± S LNs Χ ± S

Numbers 421 3.1 ± 0.9 359 2.6 ± 1.2 412 3.0 ± 1.0 P1 = 0.001
(t = 3.513)

P2 = 0.561
(t = 0.582)

P3 = 0.004
(t = 2.884)
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1.25 mg ICG as the injection dose. The excellent naviga-
tion performance showed that the dose could be used 
clinically. Thirdly, allergic reactions, skin damage, and 
other adverse reactions are the main factors to be consid-
ered in the dye method [27, 28]. In this study, we found 
no cases of allergy or skin damage. Hypodermic injection 
rather than intravenous injection may be the main reason 
for less allergic reaction. The main skin complications 
included temporary skin staining at the injection site, 
permanent tattoos, and subcutaneous nodules. Although 
these skin complications may cause a certain degree of 
anxiety in patients, they are acceptable for most patients. 
The safety results are similar to those of the previous 
meta-analysis [29].

The current study has two shortcomings. On the one 
hand, we did not compare the ICG + MB method with 
the 99mTc + MB method. However, the excellent perfor-
mance of the ICG + MB may be indirectly confirmed 
by the 5% superiority test. Moreover, some studies have 
confirmed that there is no significant difference between 
ICG and RI in SLN tracing, as it can be used as an alter-
native or complementary method to RI methods. It is 
recommended to use ICG + MB methods in centers that 
without radioactive material [30]. On the other hand, this 
is a single-center retrospective study, and the results need 
to be further confirmed by a single-center or multicenter 
prospective study. In a word, this research result reveals 
the high detection rate of ICG and the advantages of 
combining ICG fluorescence with blue dye in the detec-
tion of SLN in early breast cancer.

Conclusion
Lymph node navigation through ICG fluorescence has a 
high detection rate of SLNs, which can further improve 
the positioning performance when combined with blue 
dye. Besides, this method does not involve radioisotopes, 
so the new ICG + MB double tracing mode has great 
potential for clinical application and can replace the tra-
ditional standard detection method.
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