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Abstract. Sentinel lymph nodes (SLNs) are the first lymph 
nodes that receive lymphatic drainage from the breast. 
However, all stained lymph nodes are dissected as SLNs 
during surgery. The present study aimed to identify and 
preserve the stained non‑SLNs and evaluate the safety 
during sentinel lymph node biopsy (SLNB) in breast cancer. 
SLNB was performed with a methylene blue and indocya‑
nine green double‑tracer technique. The first lymph node, 
which was connected with lymphatic vessels from the 
breast, was designated as the true SLN. The lymph node that 
was directly connected with the output lymphatic duct of the 
SLN was defined as post‑SLN (poSLN), whereas the stained 
poSLN was designated as non‑SLN. Both the stained SLN 
and non‑SLN were sent to the pathological department for 
definitive diagnosis. The present study demonstrated that 
intraoperative dissection of the lymphatic network could 
distinguish true SLNs and stained non‑SLNs. The number 
of stained lymph nodes was time‑dependent. Not all stained 
lymph nodes were real SLNs, whereas the poSLNs would be 
stained if the staining time interval was inappropriate. The 
data indicated that the poSLNs were negative for metastasis 
when the SLNs were negative for metastasis. Stained lymph 
nodes may contain non‑SLNs in addition to SLNs. Resection 
of all stained lymph nodes is not recommended. To reduce 
the morbidity due to SLNB complications, the identifica‑
tion and preservation of stained non‑SLNs during SLNB is 
feasible and warrants further study in the era of precision 
medicine.

Introduction

Sentinel lymph node biopsy (SLNB) was introduced in the 
1990s (1). Sentinel lymph nodes (SLNs) are the first lymph 
nodes that receive lymphatic drainage from the breast (2‑4). 
Due to the relative novelty of SLNB in surgical operations, 
definitive standards are not available. The number of removed 
SLNs that can accurately predict lymph node status remains 
controversial. Yi et al (5) observed that the removal of five 
SLNs was sufficient to identify the presence of metastatic 
lymph nodes for >99% of patients. Kim et al (6) reported that 
the removal of at least two lymph nodes during SLNB may be 
acceptable. Boughey et al (7) and Boileau et al (8) reported 
that the removal of at least two sentinel nodes could lower the 
false‑negative rate of SLNs in post‑neoadjuvant chemotherapy. 
Yi et al (5) and Zakaria et al (9) reported that positive nodes were 
usually identified following the resection of the first four or five 
nodes. The German Gynecological Oncology Group recom‑
mends removal of at least two SLNs to reduce false negative 
rates (10). In order to reduce false negative rates and increase 
the detection rate, several surgeons may remove additional 
lymph nodes that are not true SLNs (11,12). Sugie et al (11) 
and Inoue et al (12) have published data on the removal of 
enlarged lymph nodes that are hard, palpable and suspicious 
for metastases, and can therefore be considered SLNs.

SLNs are theoretically the first lymph nodes reached by 
metastatic cancer cells that migrate from a primary tumor 
to the breast (13). SLNs are detected by injecting a dye into 
the breast and detecting the first draining lymph node(s), 
which is/are subsequently sampled as pathological speci‑
mens. In routine clinical practice, it has been reported that 
blue‑stained and/or fluorescent‑stained lymph nodes are 
typically defined as SLNs (12,14‑17). The number of stained 
lymph nodes is time‑dependent. However, the time intervals 
between observation and injection have not been uniformly 
reported in the literature. The time interval varies between 
2 and 15 min (12,16,18‑22). When SLNB was performed 2 min 
following injection, it was reported that the median number 
of SLNs was 1.8 per patient (range, 1‑4) (19). The median 
number of SLNs was 2.4 (range, 1‑7) when the time interval 
was 3.5‑5.0 min (12). When SLNB was performed 5‑15 min 
following injection, the median number of SLNs ranged 
between 1 and 9 (16,22). Based on these studies, it is assumed 
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that the number of SLNs performed by different medical 
practitioners may vary and that not all stained lymph nodes 
are true SLNs.

In the present study, SLNB was performed with methylene 
blue (MB) and the indocyanine green (ICG) double‑tracer 
technique, and all the stained lymph nodes were observed 
carefully. The association between stained lymph nodes and 
the lymphatic draining network was clarified. The current 
report aimed to distinguish stained SNLs and stained 
non‑SLNs. Furthermore, the assessment of the identification 
and preservation of stained resected non‑SLNs during SLNB 
was performed in breast cancer.

Materials and methods

Patients. A total of 61 female participants were included in the 
present study. The median age of the patients was 49.44 years 
(range, 21‑68 years). The patients were diagnosed with breast 
cancer between September 2016 and September 2018 at the 
Qilu Hospital, Shandong University (Jinan, China). Patients 
with clinical T1‑T3N0M0 breast cancer (23) were considered 
eligible. The exclusion criteria included inflammatory breast 
cancer and stage IV disease (23). The axillary lymph node 
status was evaluated prior to surgery. All the patients received 
precise SLNB. Written informed consent was obtained from 
all patients, and the present study was approved by the Ethics 
Committee on the Scientific Research of Shandong University 
Qilu Hospital (Jinan, China; approval no. KYLL‑2016‑231).

Precise SLNB. Precise SLNB was performed for all the patients 
as previously described (24). Initially, MB and ICG were 
injected into the periareolar tissue. Subsequently, the lymphatic 
ducts were marked on the skin and the lymphatic channels were 
dissected precisely. All the stained lymph nodes were identi‑
fied. All the first lymph nodes that received lymphatic drainage 
of the breast were designated as SLNs. The remaining stained 
lymph nodes were denoted as stained non‑SLNs. The stained 
lymph nodes that directly followed the output lymphatic duct 
of the SLNs were defined as post‑SLNs (poSLNs). True SLNs 
were stained during SLNB (Fig. 1A). In addition, the poSLNs 
could be stained if the time intervals were longer (Fig. 1B). 
The time from the injection to the dissection of the SLN and 
poSLN was ~5‑10 min and the SLNB was guided by the ICG 
fluorescence real‑time dynamic imaging system (Jinan Smart 
Technology Co., Ltd.). The lymphatic vessels were observed 
transcutaneously in real time on the monitor screen.

Data collection. The SLNs and poSLNs were marked sepa‑
rately prior to histopathological examination, performed as 
previously described (25,26). Intraoperative, frozen‑section 
staining was performed with hematoxylin and eosin according 
to routine hospital procedures. The remaining SLN and 
poSLN tissues were formalin‑fixed and paraffin‑embedded 
for routine histopathological examination. Briefly, the tissues 
were harvested and fixed in 10% formalin at 24˚C for 12 h. 
The paraffin‑embedded specimens were cut into 4‑µm‑thick 
sections and heated at 60˚C for 60 min. The status of SLNs 
and poSLNs was calculated by comparison of the results of 
the intraoperative frozen‑section staining and by routine 
histopathological examination. If there were no tumor cells in 

lymph nodes, the status was defined as negative. If there were 
tumor cells in lymph nodes, it was defined as positive.

Results

Patient information. Between September 2016 and September 
2018, a total of 61 patients with breast cancer were enrolled. 
A total of 51 patients presented with invasive ductal cancer, 
7 exhibited ductal carcinoma in situ, 1 had invasive lobular 
carcinoma and 2 exhibited another type of carcinoma. A total 
of 28 patients received axillary lymph node dissection (ALND) 
and the other 33 patients underwent mastectomy and SLNB.

SLNB with poSLN dissection in patients with breast cancer. 
The data demonstrated staining of certain lymph nodes that 
were identified subsequently to the SLNs. This staining 
occurred during precise SLNB and this type of lymph node 
was defined as a stained non‑SLN. The lymph nodes that 
directly followed the SLNs were designated as poSLNs 
(Fig. 2). It has been suggested that all blue‑stained nodes 
and/or fluorescence‑positive lymph nodes can be removed 
and defined as SLNs (27). However, it was identified that the 
poSLNs could also be stained during the operation if the time 
interval following MB and ICG injection was too long. The 
exact methodology of SLNB and the decisions as to whether 
poSLNs should be dissected remain controversial. The present 
study was conducted to determine whether poSLNs should be 
dissected during SLNB.

Table I. Characteristics of the patients with breast cancer (n=61).

Variable Total, n

Age, years 
  ≤45 20
  >45 41
Number of tumors 
  1 55
  2 4
  3 1
  4 1
Tumor size, cm 
  ≤2 38
  >2 23
ER status 
  Negative 13
  Positive 48
PR status 
  Negative 12
  Positive 49
HER‑2 status 
  Negative 49
  Positive 12

ER, estrogen receptor; PR, progesterone receptor; HER‑2, human 
epidermal growth factor receptor‑2.
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Initially, a total of 61 patients with breast cancer were 
enrolled. The characteristics of the patients are presented in 
Table I. Each patient received precise SLNB guided by the 
lymphatic drainage pathway. All lymph nodes that received 
the first lymphatic drainage were designated as SLNs. All 
SLNs could be stained. In addition, the lymphatic duct and 
poSLNs could be stained (Fig. 3). The results of the present 
study revealed that 30 patients exhibited 1 SLN, 17 patients 
2 SLNs, 10 patients 3 SLNs, 1 patient 4 SLNs and 3 patients 
5 SLNs. The median number of SLNs was 1.85. A median 
of 2.28 poSLNs were resected. A total of 1, 2, 3, 4, 5 and 

6 poSLNs were identified in 23, 21, 6, 7, 3 and 1 patient(s), 
respectively (data not shown).

PoSLN dissection is not necessary in patients under-
going SLNB. The results of the present study revealed 
that 16 patients exhibited positive SLNs and 45 patients 
indicated negative SLNs. In the SLN‑negative patients, all 
poSLNs were negative. Furthermore, no additional metas‑
tases were present in any of the axillary lymph nodes. In 
the 16 SLN‑positive patients, 11 exhibited no additional 
lymph node metastasis, 2 presented with both positive SLNs 

Figure 1. Pattern of SLNs and poSLNs in the breast. (A) Blue stained lymph nodes indicate SLNs. (B) Blue stained lymph nodes indicate SLNs and the 
asterisk‑marked blue stained lymph nodes indicate poSLNs. SLNs, sentinel lymph nodes; poSLNs, post‑sentinel lymph nodes.

Figure 2. Representative images of SLNs with poSLNs in breast cancer during surgery. Blue arrows indicate SLNs and green arrows indicate poSLNs. 
(A) Dissection of the total lymphatic vessels with SLNs and poSLNs. (B) Fluorescent images of part (A) on the monitor screen of the fluorescence imaging 
system. Blue arrows are indicative of SLNs and green arrows of poSLNs. SLNs, sentinel lymph nodes; poSLNs, post‑sentinel lymph nodes.
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and poSLNs, and 3 had additional axillary lymph node 
metastasis (data not shown).

Discussion

Breast cancer is a frequently encountered cancer and is the 
second‑leading cause of cancer‑associated mortality world‑
wide in 2019 (28). James et al (29) reported 268,670 expected 
breast cancer cases and 41,400 expected deaths due to breast 
cancer in 2018 in the USA. Recurrence and metastasis are 
major causes of breast cancer‑associated death (30). The 
assessment of the regional lymph node status in patients with 
breast cancer is important for the treatment and prediction of 
prognosis (31). ALND is used to assess regional lymph node 
status in patients with breast cancer. However, it appears to be 

associated with increased morbidity of complications including 
arm lymphedema and pain, seroma formation and vascular 
and brachial plexus injuries (32,33). SLNB has rapidly been 
replacing standard axillary lymph dissection as the choice of 
several surgeons, and it is considered the standard procedure 
for axillary evaluation in early‑stage breast cancer (2,34).

With regard to the development of SLNB, less aggressive 
axillary surgery is applied in breast cancer; however, surgeon 
bias may exist during the procedure (35). Therefore, it is vital to 
conduct SLNB precisely. In the present study, a novel method 
was developed for intraoperative, precise SLNB in patients 
with breast cancer. The data indicated that the current method 
exhibited high sensitivity. To the best of our knowledge, the 
present study is the first to introduce the concept of poSLNs. 
This novel method can precisely identify true SLNs and 

Figure 3. Identification of SLNs and poSLNs by precise SLNB. (A) Dissection of the total lymphatic vessels with SLNs and poSLNs. (B) Fuorescent images 
of part (A) on the monitor screen of the fluorescence imaging system. (C) Dissection of the total lymphatic vessels with SLNs and poSLNs. (D) Fluorescent 
images of part (C) on the monitor screen of the fluorescence imaging system. Blue arrows are indicative of SLNs and green arrows of poSLNs. SLNs, sentinel 
lymph nodes; poSLNs, post‑sentinel lymph nodes; SLNB, sentinel lymph node biopsy.
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stained non‑SLNs. The number of SLNs was time‑dependent, 
and the results were consistent with those reported in previous 
studies (12,16,18‑22). Therefore, it is not appropriate to regard 
all blue stained or fluorescence‑positive lymph nodes as SLNs. 
In addition, as the number of SLNs for patients is uncertain, 
it is not appropriate to remove at least 2 or 4‑5 lymph nodes 
during SLNB. Therefore, the identification and preservation of 
stained non‑SLNs in breast cancer is important.

The clinical studies that have been performed on SLNB 
have mostly focused on accuracy, detection rates and false 
negative rates (8,11,12). Therefore, surgeons may remove a 
higher number of non‑SLNs and designate them as SLNs. This 
approach may reduce the false negative rate, while increasing 
potential complications. Previous studies have reported that the 
number of SLNs varies between 1 and 12 (21,36,37). In addi‑
tion, the number of SLNs identified in a combined group (ICG 
and MB) has been shown to be higher than that found in the 
blue dye or RI alone groups (38,39). This finding demonstrated 
a risk in detecting specific non‑SLNs. In the present study, all 
patients were negative for poSLNs in the SLN‑negative group. 
No additional metastases were noted in the axillary lymph 
nodes. The data confirmed that the duration of time following 
ICG and MB injection was highly significant for SLNB. The 
present study strongly suggested that the resection of poSLNs 
was not necessary when SLNB was conducted. In addition, 
two patients exhibited no additional lymph node metastases, 
with the exception of poSLNs and SLNs. The Z0011 trial 
suggested that avoidance of an ALND may be permitted, even 
for SLN‑positive patients (37). This finding suggests that a 
proportion of patients with positive SLNs may avoid ALND 
if poSLNs are removed in breast cancer patients undergoing 
SLNB. The status of both SLNs and poSLNs may be superior 
to that of SLNs alone during the assessment of the axillary 
lymph node status. The combination of SLNB and poSLNB 
may provide a substitute for ALND in certain SLN‑positive 
patients, which should be tested in future studies.

The present study contains certain limitations. Firstly, the 
patient number was relatively small. Secondly, the medical 
information lacked data on disease prognosis and associated 
complications of these patients. Therefore, a large random‑
ized, controlled, multicenter trial should be conducted in the 
future in order to address these limitations.

In conclusion, the present study demonstrated that intra‑
operative dissection of the lymphatic network can distinguish 
true SLNs and stained non‑SLNs, such as poSLNs. The data 
confirmed that not all stained lymph nodes were true SLNs. 
Furthermore, it was shown that identification and preservation 
of stained non‑SLNs is possible during SLNB in breast cancer. 
The current study provides important clinical applications for 
precision medicine.
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