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Objectives: We evaluated the ability and accuracy of preoperative identification
and localization of sentinel lymph nodes (SLNs) using intradermal injection of
ultrasound contrast agent.

Materials and methods: Prospectively recruited 191 early breast cancer patients
with clinically negative axillary lymph nodes (ALNs). All participants received
intradermal injection of microbubble contrast agent. Following the identification
and localization of SLNs using contrast-enhanced ultrasound (CEUS), Markers
were deployed in the SLNs US-guided. Subsequently, the SLNs with Markers were
stained and marked with a suspension of nano-carbon US-guided to assist in
intraoperative localization of SLNs. Standard SLNB with methylene blue tracing
was performed intraoperatively to assess the consistency between the two
methods of SLNs localization, thereby determining the ability and accuracy of
CEUS in identifying and localizing SLNs.

Results: A total of 179 patients were included in the final evaluation analysis, in
which a microbubble contrast agent was injected subcutaneously in the areolar
region. A total of 201 SLNs were identified, with a median of 1 SLN per patient.
Each SLN was identified in 157 patients, and two SLNs were identified in 22
patients. Among the 201 SLNs from the 179 patients, the proportion that could be
individually matched between CEUS and the blue dye method was 95.5% (192/
201), and the consistency evaluation in SLNs identification between CEUS and
blue dye staining was excellent (Kappa value = 0.62, P < 0.001).

Conclusion: The consistency of identification and localization of SLNs in early
breast cancer patients between CEUS and the blue dye method was strong.
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Introduction

Breast cancer has become the most common malignant tumor
in women worldwide, with approximately 2.31 million new
diagnosed cases and 665,700 deaths in 2022 (1). The status of
axillary lymph nodes (ALNs) is highly correlated with treatment
strategies, disease-free survival, and overall survival rates of
patients. Compared to patients with negative ALNSs, those with
ALN metastasis can experience up to a 40% decrease in 5-year
overall survival rates (2). Sentinel lymph node biopsy (SLNB) is the
standard procedure for axillary staging in early breast cancer
patients with clinically negative ALNs (3-5).

The suitable method for sentinel lymph node (SLN) tracing
plays a critical role in SLNB, facilitating accurate intraoperative
localization of SLNs, enhancing the detection rate of SLNs, reducing
the false-negative rate, and minimizing axillary damage and
operative duration for patients. The preferred method for SLN
mapping remains the dual-tracer technique using a combination of
radioactive isotopes and blue dye in accordance with the standards
of SCI medical journals (6, 7). However, the clinical applicability of
the dual-tracer technique is limited. For example, in a survey of 110
large and medium-sized hospitals in China in 2018, only 15.5% of
hospitals used or combined isotopic tracers (8).

Contrast-enhanced ultrasound (CEUS) of SLNs is an imaging
technique that involves the percutaneous injection of contrast
agents to visualize lymphatic channels and draining lymph nodes
(LNs) in real-time. Previous studies (9-11) have observed the use of
CEUS as a novel tracer for identifying and locating SLNs, but these
studies applied the method of using a guide wire to mark the located
SLNs to assist in intraoperative SLN identification. Due to the risk
of guide wire dislodgement preoperatively or intraoperatively (12),
precise marking of the identified SLNs using CEUS may not be
feasible, making it challenging to correlate the CEUS-identified
SLNs with the dissected LNs intraoperatively. Therefore, the
controversy remains regarding whether the SLNs identified and
located by CEUS are truly representative of the SLNs.

In this study, we applied US-guided placement of Markers and
injection of nano-carbon suspension for dual labeling of SLNs,
ensuring intraoperative examination of LNs matched one by one
with the LNs identified and located preoperatively by CEUS. This
was compared with the classic blue dye method to evaluate the
accuracy of preoperative identification and localization of SLNs
using percutaneous CEUS.

Materials and methods
Patient selection
This study was approved by the institutional review board and

ethics committee of Sichuan Provincial People’sHospital, Batch
Number: Ethics Review (Research) No. 261, 2022. The method of

Abbreviations: CEUS, contrast-enhanced ultrasound; SLN, sentinel lymph node;
SLNB, sentinel lymph node biopsy; axillary lymph node, ALN; ALND, axillary

lymph node dissection.

Frontiers in Oncology

10.3389/fonc.2024.1471443

CEUS and Marker placement under guidance was conducted
according to the approved guidelines, and written informed
consent was obtained from all participants before registration.
From February 6, 2023, to March 1, 2024, a total of 191 patients
were prospectively recruited for the study, with the study flowchart
shown in Figure 1. Inclusion criteria included: (1) histologically
confirmed breast cancer through core needle biopsy or local
resection, (2) clinically assessed negative ALNs, (3) patients
undergoing SLNB, (4) ultrasound contrast-enhanced imaging-
guided identification and placement of Markers in the SLNs,
followed by the injection of diluted nano-carbon the day before
surgery. Exclusion criteria included: (1) pregnant or breastfeeding
women, (2) inflammatory breast cancer, (3) allergy to ultrasound
contrast agents, (4) previous ALN dissection; (5) severe internal and
surgical comorbidities.

Conventional US and CEUS examination

On the day prior to surgery, patients underwent
ultrasonography of the ipsilateral ALNs with the same body
position as during the surgical procedure, to reassess for
suspicious sonographic signs of ALN involvement. Patients with
suspected abnormal ALN were excluded. Following the
conventional US examination, CEUS was performed by injecting
microbubble contrast agent (SonoVue, mixed with 5ml of sterile
saline water, with each point was injected with 0.5 ml.)
subcutaneously around the areola at the 3/6/9/12 o’clock
positions of the breast. Subsequent gentle massage was applied to
facilitate the entry of microbubble into the lymphatic vessels and
ALNs. The contrast mode was then used to track the enhanced
lymphatic vessels and their drainage to the LNs, to identify the
enhanced lymphatic vessels and draining LN of the affected breast.
The first enhanced node was deemed the SLN with enhancement.
Real-time dual imaging was then conducted to confirm the presence
of structurally defined LNs. Once a clear LN structure was identified
on the grayscale image, the SLN could be localized. If the lymphatic
vessels were not clearly visualized, after subcutaneous and
intradermal supplementary injection of 0.5-1.0 ml microbubble
contrast agent around the tumor, observation was conducted.

US-guided placement of Markers and
nano-carbon suspension for SLNs

The patients first underwent routine axillary disinfection and
local anesthesia. Then, the Marker(Bard 864017D) was placed with
real-time ultrasound guidance within the cortex of the SLN. After
the Marker was inserted, a gray-scale US examination was
performed to confirm its position, which appeared as a high-echo
(Figure 2). Subsequently, 0.5ml of diluted nano-carbon suspension
was injected with US guidance onto the cortical surface of the SLN
where the Marker was placed to assist in accurately locating that
during SLNB. The Iml of diluted nano-carbon suspension was
prepared by mixing 0.1ml of nano-carbon suspension with sterile
saline at a 1:10 ratio to ensure that the regional LNs were not
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Flowchart shows the basic procedure of the study was presented. CEUS, contrast-enhanced ultrasound; SLN, sentinel lymph node; SLNB, sentinel

lymph node biopsy; ALND, axillary lymph node dissection.

excessively stained. Finally, the locations of the SLNs and the
courses of the draining lymphatic vessels on the body surface
were marked to guide the selection of the SLNB surgical incision
and intraoperative identification of the SLNs. If multiple SLNs were
identified with CEUS, all detected SLNs were marked with a Marker
and stained with nano-carbon under ultrasound guidance. The size,
number, location, distance from the body surface, enhancement
pattern of the SLNS, the position and number of lymphatic vessels,
and the number of Markers placed were recorded. All the
aforementioned procedures were completed within 15 minutes.

Intraoperative specimen dissection

According to the standard procedure of SLNB, 2 ml of
methylene blue was injected intradermally in the periareolar
region 10-15 minutes preoperatively, similar to the injection
method of the microbubble contrast agent described earlier.
Intraoperatively, the axillary incision was selected based on
preoperative surface localization, and all first-station stained LNs
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along the blue-dyed lymphatic vessels were identified as SLNs. The
consistency between the LNs located by blue dye and nano-carbon
suspension was observed. SLNs located by blue dye were excised
and dissected to check for the presence of a Marker inside. The
presence of a Marker indicated concordance between the SLNs
identified by CEUS and blue dye. The intraoperative SLN
identification process is shown in Figure 3. All blue-dyed SLNG,
Marker-labeled SLNs, and other ALNs in the axilla were
individually marked, subjected to intraoperative rapid frozen
section examination, and routine postoperative pathological
examination. The comparison between CEUS-located SLNs and
blue dye-located SLNs during biopsy, the number of SLNs
determined intraoperatively, the number of LNs sent for
examination, and pathological results were recorded.

Statistical analysis

In this study, data analysis was conducted using SPSS 25.0 (SPSS
Inc., Chicago, IL, USA). The consistency of identifying SLNs using
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FIGURE 2

(A) This image demonstrates the typical accumulation of contrast agent within the lymph node structure, contrast pulse sequencing image of an afferent
lymphatic vessel (red arrow) entering a SLN (white arrow). (B) Grey-scale image of a SLN being localized by a hyper-echoic Marker (white arrow).

percutaneous CEUS and blue dye method was evaluated with Kappa
test. The accuracy of percutaneous CEUS in identifying and locating
SLNs was assessed by comparing the results with those determined by
the blue dye method. P < 0.05 was considered to indicate a statistically
significant difference.

Results
Patient characteristics

A total of 196 SLNBs from 191 patients were included in the
evaluation. Among them, 5 patients underwent bilateral SLNB. This
study analyzed one patient who underwent SLNB procedure on one
side as one case. Two cases only underwent US-guided biopsy, while
in 3 cases where metastases were found during the puncture biopsy,
ALND was performed directly. Among the remaining 191 patients,
95.8% (183/191) showed enhancement of SLNs after CEUS. SLNs
were all placed and injected with nano-carbon suspension under US-
guidance, and Marker was successfully found intraoperatively in 179

Frontiers in Oncology

patients. In the final analysis of these 179 patients, the median age was
50 years (range 22-89 years), all of whom were pathologically
confirmed to have early breast cancer. Patient and tumor
characteristics are detailed in Table 1.

Identification of SLNs

Subcutaneous injection of the microbubble contrast agent in the
areola area did not visualize the LNs in 8 cases, resulting in an
overall identification rate of 95.8% (183/191). One SLN was
identified in 161 patients, while two SLNs were identified in 22
cases. In total, 205 SLN Markers were placed in 183 patients, with 4
Markers not found in 4 patients during SLNB, resulting in the loss
rate of Markers was 2% (4/205), and Markers were successfully
found intraoperatively in 179 patients.

A total of 768 ALNs were detected in 179 patients using the
methylene blue method, among which 210 were SLNs. The median
number of SLNs per patient was 1 (mean: 1.2). After subcutaneous
injection of the microbubble contrast agent in the areola area,
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FIGURE 3

Searching for the SLNs during the surgery. (A) The location of the SLNs (white arrow) and the course of the draining lymphatic vessels(red arrow) on
the body surface being marked as skin Markers. (B) The axillary incision (white arrow) being selected based on preoperative surface localization. (C)
The first stained lymph node (white arrow) found along the blue-dyed lymphatic vessel. (D) The excision of the cut-open SLNs localized by the

Markers (white arrow).

201 SLN's were detected in 179 patients, with a median of 1 SLN per
patient (mean: 1.1), the specific results are shown in Table 2.
Among the 201 SLNs in 179 patients, the correspondence rate
between CEUS and the blue dye method was 95.5% (192/201), with
a Kappa value of 0.62 for the consistency of SLN identification
between CEUS and the blue dye method (P < 0.001), the specific
results are detailed in Table 3.

Histopathological examination

Among the 179 patients included in the final analysis, forty
cases were found to have metastases in SLNs. CEUS identified and
located SLNs in 34 cases (85%), while the blue dye method located
SLNs in 33 cases (82.5%). Among the 5 patients in whom CEUS
identified and located 2 SLNs with metastases, the blue dye method
failed to identify the second SLN in 2 cases, accounting for 40% (2/
5). In contrast, among the 12 patients in whom the blue dye method
identified and located multiple SLNs with metastases, only 1 patient
had SLNs with metastases that were not identified by CEUS,
accounting for 8% (1/12). The proportion of patients with SLNs
containing metastases that were not identified by either CEUS or
the blue dye method was 12.5% (5/40).

Frontiers in Oncology

Discussion

This prospective study confirmed that CEUS could accurately
preoperatively locate SLNs of patients with earlybreast cancer. By
preoperatively injecting the microbubble contrast agent
percutaneously to enhance lymphatic vessels and thereby track
and identify SLNs, a comparison was made with intraoperative
blue dye staining. Among the 201 SLNs identified from 179
patients, the proportion of SLNs that could be matched one by
one between CEUS and blue dye staining was 95.5%. CEUS and
blue dye staining showed strong concordance in identifying SLNs,
with a Kappa value of 0.62, confirming that the LNs located by
CEUS were true SLNs. The majority of patients exhibited only one
SLN on CEUS, aligning with previous studies (9-11, 13, 14), while
22 patients had two SLNs identified. In this study, compared to blue
dye staining, CEUS-guided SLN localization exhibited a lower false-
negative rate inbiopsy procedures. This underscores the importance
of integrating various tracing techniques for accurate SLN biopsy
and affirms that dual-tracing methods result in a lower false-
negative rate compared to single-tracing methods. While the
SLNs identified by CEUS and blue dye staining were consistent,
the proportion of patients with identified metastases in SLNs that
were not detected by either method was 12.5% (5/40).
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TABLE 1 Baseline patient and tumor characteristics.

Baseline characteristics Number of

Patients (n=179)

Age (years) 50

Laterality of SLNB

Unilateral 169
Bilateral 5
Orientation

Upper outer quadrant 77
Upper inner quadrant 43
Lower outer quadrant 33
Lower inner quadrant 16
Central quadrant 7
Multifocal 3

Clinical T category

cTis 23
cT1 90
cT2 58
cT3 6
cT4 2

Histological type

DCIS 25
IDC 142
Other 12

Tumor subtype

Luminal B 75
Luminal A 47
Basal-like 25
ERBB2+ 19
Not available 13

Surgical procedure

SLNB 156
SLNB+ALND 23
Total 179

SLNB, sentinel lymph node biopsy; ALND, axillary lymph node dissection; DCIS, ductal
carcinoma in situ; IDC, invasive ductal carcinoma.

TABLE 2 The consistency of SLNs identification and localization
between CEUS and blue dye method.

Methylene Blue

1 2 3 4
CEUS 1 148 7 1 1 K=0.62
2 5 15 2 0

SLN, sentinel lymph node; CEUS, contrast-enhanced ultrasound.
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TABLE 3 The number of SLNs in the CEUS group and methylene
blue group.

CEUS

Methylene Blue

CEUS, contrast-enhanced ultrasound.

Consequently, in clinical practice, to reduce the false-negative rate
of SLNB, multiple SLN tracing methods are usually combined to
examine 3-6 LNs. This is one of the main reasons why the number
of LNs examined in clinical practice is often exceeds the true
number of SLNs (4, 15, 16).

The related studies (9-11) have applied CEUS for preoperative
identification and localization of SLNs, and used guide wires to mark
the SLNs. However, due to issues such as movement of the patient’s
arm on the affected side after preoperative guide wire placement or
intraoperative traction and anatomical dissection, there is a risk of
guide wire slippage and displacement, which raises questions about
whether the SLNs sent for pathological testing during surgery can be
individually matched with the SLNs preoperatively located by CEUS.
The application of US-guided placement of Markers for marking has
been demonstrated to overcome the aforementioned difficulties. Due
to the small size of the Markers, accurate preoperative localization
ensures that the LNs submitted for examination are those identified
and localized by CEUS. This method aids surgeons in accurately and
comprehensively identifying the true SLNs, thereby reducing the
incidence of false-negative rate. Compared with the blue dye method,
this approach further confirms the localization capability of CEUS for
SLNs. In this study, nano-carbon suspension was injected onto the
cortical surface of the SLNs with Markers placed under US-guidance,
facilitating the sensitive and clear identification of preoperatively
localized SLNs by the naked eye during surgery. This method reduces
the difficulty of finding stained LN’ intraoperatively, shortenssurgery
time, and increases the confidence ofsurgeons.

Currently, the preferred tracing technique for SLNB is the dual-
tracing method combining radioactive isotopes with blue dye.
However, the use of radioactive isotopes as tracers has certain
limitations (17). The acquisition, storage, use, and disposal of
radioactive isotopes require strict training, and concerns about
radiation exposure limit the clinical applicability of SLNB guided
by dual-tracing techniques involving radioactive isotopes. Injection
of blue dye may increase the risk of complications due to excessive
LNs excision and have a certain impact on the aesthetic appearance
of the patient’s skin (18, 19). Importantly, using blue dye alone
requires a high level of technical skill from surgeon, leading to lower
success rates and higher false-negative rate (20). A study (21) has
shown that the false-negative rate of SLNB performed using blue
dye alone was 8.6%, higher than that of SLNB guided by combined
tracing methods. Therefore, exploring the use of CEUS in
combination with blue dye for SLN tracing and localization to
reduce the false-negative rate of SLNB holds significant clinical
value. The microbubble contrast agent used in CEUS have a higher
relative molecular weight compared to blue dye. When using
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microbubble contrast agent to locate SLNs, the LNs detected within
a few minutes post-drug injection are the first enhanced LNs (22—
24). Additionally, the ultrasound contrast agent used in this study
consists of phospholipid-encapsulated sulfur hexafluoride
microbubbles, which is without protein components, thus
reducing the occurrence of allergic reactions when using CEUS to
identify and locate SLNs (25). Therefore, exploring CEUS combined
with blue dye as an alternative dual-tracing method for SLNB offers
certain advantages.

The commonly used dye method, fluorescence tracing method,
and isotope tracing method in clinical practice (26-29) are all
operational techniques performed in real-time during surgery. Prior
to making the surgical incision, the successful localization of SLNs
cannot be assessed, aand pinpointing the specific location of SLNs
preoperatively is challenging. This often leads to the selection of
SLNB incisions based on empirical methods. For patients with
variable SLN locations, the difficulty of intraoperative search is
frequently increased, which may potentially prolong the surgical
duration and require the enlargement of the incision during the
procedure. Therefore, preoperative precise localization and
identification of SLNs are crucial for further evaluating the ALN
status and devising more appropriate treatment plans. Due to its high
temporal resolution, CEUS can dynamically display the enhancement
process of draining lymphatic vessels and enhanced LNs in real-time
after the injection of microbubble contrast agents. This study has
confirmed its strong consistency with the blue dye method in
identifying SLNs. Additionally, CEUS can preoperatively determine
the success rate of SLN tracing and the anatomical location of the
projected SLNs on the body surface, guiding the selection of surgical
incisions, reducing the difficulty of intraoperative SLN search,
boosting the confidence of the surgeon, and avoiding intraoperative
SLNB failure due to the unsuccessful use of other tracing methods.
Therefore, it can be used for preoperative localization and evaluation
of SLNs in patients.

Although SLNB reduced the occurrence of postoperative
complications compared to ALND, it is still an invasive
procedure. Some scholars (30-32) have explored whether US-
guided biopsy, as a minimally invasive method, can serve as an
alternative to SLNB, transitioning SLNB from invasive to minimally
invasive. Only through the identification and localization of SLNs
by CEUS followed by US-guided biopsy targeted at SLN can this
method become feasible. In this study, three patients underwent
SLN core needle biopsy under ultrasound guidance following CEUS
identification and localization, which confirmed metastasis.
Consequently, these patients directly proceeded to ALND, thereby
bypassing the time-consuming SLNB. With the advancement of
medical technology and the increasing focus on personal health,
patients and healthcare professionals are increasingly pursuing and
recognizing precise, minimally invasive, and even non-invasive
diagnostic and therapeutic methods. In the SOUND trial (33), all
patients included in the study had negative results on preoperative
axillary two-dimensional ultrasound examination. However,
postoperative pathological results in the control group (SLNB
group) revealed that 13.7% of patients still had ALN metastasis.
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This suggests that preoperative ultrasound evaluation of ALNs still
has a certain false negative rate and is not sufficiently enough.
Conventional ultrasound cannot determine whether the observed
LNs are SLNs, and sometimes SLNs with atypical LN morphology
are overlooked, leading examiners to broadly assess all identifiable
ALNSs in evaluating a patient’s ALN status, making it difficult to
focus on a detailed assessment of solely the SLNs. Based on the
identification and localization of SLNs by CEUS and the joint
assessment with two-dimensional ultrasound imaging, can the
diagnostic accuracy of ALNs in breast cancer patients be further
improved preoperatively, reducing the false negative rate and
allowing truly node-negative patients to be spared from biopsy,
achieving precise axillary surgical management and transitioning
from pathological NO (pNO) to imaging NO (iNO).

This study has several limitations. Firstly, as a single-center
study with a relatively small number of patients, it would be
beneficial to conduct larger multi-center studies with a larger
patient cohort to validate the findings. Secondly, due to
restrictions on the use of radioisotope, this study only compared
the results with the blue dye method. To further assess the accuracy
of SLN identification by CEUS, it would be necessary to compare it
with the standard dual-tracer technique combining radioisotope
and blue dye. Lastly, because the Z0011 trial (34) did not include
ALND after SLNB, it was not possible to determine the false-
negative rate of SLNB. Long-term follow-up is needed to observe
the distant metastatic situation of the ALNs to provide a more
comprehensive evaluation of the procedure’s accuracy and safety.

Conclusion

This study confirmed a strong consistency in the identification
and localization of SLNs in early breast cancer patients between
CEUS and the blue dye method. Preoperative percutaneous
injection of the ultrasound contrast agent can accurately identify
and locate the SLNs of patients with early breast cancer. In the
future, combining CEUS with other tracing methods for SLNs may
reduce the false negative rate of SLNB, providing a non-radioactive
alternative for dual tracing of SLNs.
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