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Objective: To assess the clinical value of contrast-enhanced ultrasound (CEUS) technology in 
predicting axillary lymph nodes status before surgery, and to explore the feasibility of sentinel 
lymph nodes (SLNs) localization guided by CEUS combined with 125I implantation for breast 
cancer.
Methods: From August 2017 to February 2019, 115 patients were included in this pro-
spective study. Before surgery, a microbubble (SonoVue) was injected intradermally next to 
the areola. The enhancement patterns of SLNs were recorded and 125I seeds were deployed 
into the enhanced nodes. Then, all patients underwent standard sentinel lymph node biopsy 
(SLNB) and all 125I seeds were found out guided by a gamma detector in surgery. The 
localization was considered successful if 125I seeds were implanted in/beside the nodes.
Results: SLNs in 103 cases were successfully identified, the success rate was 89.6% (103/115), 
118 SLNs were detected in total. 125I seeds were deployed successfully in 99 cases, and all of the 
125I-labeled SLNs were then successfully detected by combined method (radionuclides and blue 
dye). The accuracy of 125I seeds localization was 96.1% (99/103). Based on the enhancement 
patterns recorded, 34 cases were predicted to have SLNs metastasis (metastasis in 27 cases and no 
metastasis in 7 cases confirmed by postoperative pathology) and 65 cases were predicted to have no 
SLNs metastasis (metastasis in 5 cases and no metastasis in 60 cases by pathology). The positive 
predictive value and negtive predictive value of CEUS in assessing axillary status were 79.4% (27/ 
34) and 92.3% (60/65), respectively. The axillary metastasis rate in CEUS combined with 
125I seeds localization was 27.3% (27/99), while the metastasis rate in the combined method of 
SLNB was 32.3% (32/99). The sensitivity of 125I seeds localization was 84.4% (27/32), the false- 
negative rate was 15.6% (5/32), and the consistency evaluation was excellent (Kappa value=0.880, 
P<0.001).
Conclusion: CEUS combined with 125I seeds implantation can locate SLNs accurately and 
has excellent consistency with the combined method. The enhancement patterns can provide 
helpful predicting information of axillary status preoperatively. However, more studies are 
needed to be carried out to verify our outcomes and explore the feasibility of applying CEUS 
technology in clinical work.
Keywords: breast cancer, contrast-enhanced ultrasonography, CEUS, sentinel lymph node 
biopsy, SLNB

Introduction
Axillary lymph node status is an important staging factor for breast cancer.1 In 
recent years, sentinel lymph node biopsy (SLNB) has replaced Axillary lymph node 
dissection (ALND) as standard surgery for early-stage breast cancer, which can 
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significantly reduce complications, such as upper limb 
lymphedema, paresthesia, and dyskinesia.2–6 The com-
bined application of radionuclides and blue dye can 
improve the success rate and reduce the false-negative 
rate of SLNB, therefore it has been recommended in 
many domestic and foreign guidelines.4,7 Blue dye is 
relatively economical and easy to obtain, so that it has 
been accepted by surgeons worldwide. However, the 
radionuclide method that applies 99mTc labeled thiocolloid 
to detect sentinel lymph nodes (SLNs) is a rather complex 
process that has seen its clinical applications become 
limited.

Contrast-enhanced ultrasound (CEUS) is a new techni-
que that has been developed rapidly in recent years. CEUS 
is currently widely used in clinical diagnostics for benign 
and malignant tumors in the abdominal and superficial 
organs.8,9 However, few studies have concentrated on 
applying CEUS techniques to breast cancer. In our study, 
we tried to detect the possibility of CEUS technology as an 
SLN tracer in early-stage breast cancer. The aim of this 
study was to evaluate the feasibility of CEUS in predicting 
axillary lymph node statuses preoperatively and to explore 
the accuracy of SLN localization guided by CEUS com-
bined with 125I seed implantation.

Materials and Methods
Clinical Data
One hundred and fifteen patients suffering from early- 
stage breast cancer (cT1-3N0M0) from August 2017 to 
February 2019 were recruited into the study. Inclusion 
criteria: 1) older than 18, 2) pathologically confirmed 
primary breast cancer, 3) clinical axillary lymph nodes 
negative; 4) no distant metastasis revealed by imaging 
examination, 5) Tumor diameter ≤5 cm (ultrasound, 
molybdenum target, magnetic resonance as reference), 6) 
Informed consent of the patients. Exclusion criteria: 1) 
older than 75, 2) previous history of axillary surgery or 
radiotherapy, 3) previous history of neoadjuvant therapy, 
4) inflammatory breast cancer (IBC). Patients aged above 
75 were excluded because some of them had poor under-
lining health conditions, many of them might choose other 
therapies, such as hormonotherapy, instead of general 
anesthesia surgery. In addition, the lymph vessels pressure 
may decrease with age, which may result in failure in both 
CEUS and SLNB procedure. IBC is the most aggressive 
form of breast cancer. The failure rates for the surgical 
treatments alone are very high. Radiotherapy and 

chemotherapy are of greater importance than surgery, so 
patients with IBC were also excluded.

This study was conducted in accordance with the 
Declaration of Helsinki and obtained the approval of the 
Ethics Committee of the Shandong Cancer Hospital (No. 
SDTHEC20110324). One hundred and fifteen female patients 
aged 28–70 years (median age 47 years) were enrolled.

CEUS Procedure
The patients took the supine position with the upper extre-
mity abducted. 0.6 mL SonoVue (25mg/bottle, Bracco) 
was injected into the intradermal layer next to the areola. 
After the injection, the areolar area was massaged for 10– 
30 s. Then, lymphatic channels were visualized on the 
ultrasound contrast pulse sequencing mode and were 
tracked into the lymph nodes. The first enhanced lymph 
node drained by the lymphatic vessel was defined as the 
CEUS sentinel lymph node (SLN). When multiple lym-
phatic vessels were enhanced, the first enhanced node 
drained by each lymphatic vessel was defined as the 
SLN. The enhancement patterns for all SLNs were 
recorded. When SLNs were identified, 125I seeds were 
then implanted into them guided by ultrasound. After 
implantation, all patients received a mammogram to deter-
mine if the 125I particles were accurately positioned into 
the SLNs (Figure 1). If no enhanced lymph nodes were 
identified after the injection, 0.6 mL Sonovue would be, 
respectively, injected into the inner, upper, and outer sides 
of the areola. If no lymph nodes were identified after two 
consecutive injections, the case was abandoned.

SLNB
The 99mTc-sulphocolloid was injected subcutaneously into 
the areola area 3–18 h before the operation with an injection 
dose of 1.0 mCi (0.5 mCi/mL). After anesthesia was admi-
nistered, Methylthionine Chloride (1% MB injection, 2 mL: 
20 mg, Jiangsu Jichuang Pharmaceutical Co. LTD.) was 
injected intradermally into the upper outer quadrant of the 
areola area (2 mL for breast-conservation surgery 2 mL and 
4 mL for modified surgery). Fifteen minutes later, the SLNB 
procedure began. The gamma detector (Neoprobe 
Corporation) was switched to 27keV, then the axilla was 
carefully dissected and 125I particles were discovered, guided 
by the gamma detector. If 125I seeds were not implanted 
inside the SLNs, an area of 5 mm around the particles was 
carefully dissected. The localization was considered success-
ful when the 125I particles were placed in/beside the nodes. If 
no lymph nodes were discovered in the 5 mm around, the 
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location was considered a failure. All 125I seeds were then 
taken out and recycled. After that, the routine procedure of 
SLNB using nuclides combined with blue dye was 
administered.

Statistical Treatment
Statistical analysis was performed with SPSS 22.0. The 
differences between multiple sample rates were compared 
with the chi-square test, and the paired samples were com-
pared with the Wilcoxon rank sum test. The paired chi-square 
test was used for the consistency test of dichotomous vari-
ables, and P<0.05 was considered statistically significant.

Results
Clinical Data
From August 2017 to February 2019, 115 patients with 
early-stage breast cancer (cT1-3N0M0) from the Breast 
Disease Center of the Shandong Cancer Hospital were 
included in this study. The median age was 47 years old 

(28–70 years old). Detailed information of the recruited 
patients is shown in Table 1.

Prediction of Axillary Status by CEUS 
Enhancement Patterns
Axillary lymph node enhancements were observed in 103 
of 115 patients after the microbubble injection with 
a success rate of 89.6% (103/115). The lymph node 
enhancement process is shown in Figure 2. The compar-
ison of the success rates and SLN number between CEUS 
and the combined SLNB method is shown in Table 2.

All 103 successful patients were implanted with at least 
one 125I seeds guided by ultrasound, for a total of 118 seeds 
implanted. In 99 cases, 125I seeds were successfully implanted 

Table 1 Patients and Primary Tumor Characteristics

Baseline Characteristics Number of Patients (N=115)

Patient characteristics
Age

≤50 77 (67.0%)

<50 38 (33.0%)

BMI
<24 54 (47.0%)

≥24 61 (53.0%)

Tumor characteristics

Orientation

Upper outer quadrant 38 (33.0%)
Upper inner quadrant 18 (15.6%)

Lower outer quadrant 8 (7.0%)

Lower inner quadrant 7 (6.1%)
Central quadrant 44 (38.3%)

Clinical stagea

cT1 78 (67.8%)

cT2 35 (30.5%)

cT3 2 (1.7%)

Histology

DCIS 14 (12.2%)
Invasive ductal 92 (80.0%)

Invasive lobular 2 (1.7%)

Others 7 (6.1%)

Molecular subtype

HR+/Her2− 79 (68.7%)
HR+/Her2+ 21 (18.3%)

HR−/Her2− 7 (6.1%)

HR−/Her2+ 8 (6.9%)

Notes: aAccording to the American Joint Committee on Cancer (AJCC) TNM 
staging system for breast cancer, 7th edition. 
Abbreviation: DCIS, ductal carcinoma in situ.

Figure 1 Post 125I seed implantation mammograms. The 125I seed was implanted 
inside the axillary lymph node successfully. Arrow: the implanted 125I seed.
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in/around lymph nodes. The SLN enhancement patterns can 
be divided into three types: Type I, SLN presented significant 
homogenous enhancement; Type II, SLN showed significant 
enhancement but with low to no perfusion area. Type III, SLN 
showed weak enhancement (Figure 3).

Patients with enhancement patterns of type II and III 
were predicted to be SLN positive, and patients with type 
I were predicted to be SLN negative.10 If two or more SLNs 
were found in a patient, the SLN status would be considered 
positive if any SLN presented type II/III patterns. In our 
study, 34 of the 99 cases were predicted to have SLN 
metastasis, in which 27 patients were finally proved to be 
node-positive by postoperative pathology, while the other 7 

were node-negative. Sixty-five patients were predicted to 
have no SLN metastasis by CEUS, in which 60 patients 
were confirmed to be node-negative, and the other 5 were 
node-positive pathologically. Enhancement patterns of type 
I accounted for the greatest proportion in non-metastatic 
cases (60/65), while type II was more common in metastatic 
cases (16/20) (Table 3). The positive predictive value and 
negtive predictive value of CEUS in assessing axillary 
lymph node status were 79.4% (27/34) and 92.3% (60/65).

Exploration of CEUS Combined with 
125I Seeds in SLNs Positioning
All 103 patients with successful enhancement were 
implanted with radioactive 125I seeds guided by ultrasonic. 
A total of 118 radioactive seeds were implanted. Post 125I 
Seed deployment mammograms showed that in 42 
patients, 125I seeds were implanted in the SLN; in 25 
patients, the seeds were implanted around SLN. A total 
of 67 patients were planted successfully according to the 
mammograms. In surgery, we certified that 99 patients had 
their 125I seeds implanted successfully. The 125I seeds 
implantation process is shown in Figure 4.

In the successful 99 patients, all of the 125I-labeled 
lymph nodes were then detected by the combined method. 
The pathological results suggested that 27 metastatic cases 
were detected by 125I seeds, and the metastasis rate was 
27.3% (27/99), while 32 metastatic cases were detected by 
the combined method with a metastasis rate of 32.3% (32/ 
99). There were five patients who presented no SLN metas-
tasis by CEUS but were proved to have at least one 

Figure 2 The lymph node enhancing process after the SonoVue injection. (A) A single lymph vessel was enhanced (arrow), then the enhanced vessel was traced to SLN. (B) 
The enhanced SLN (arrow), gray-scale ultrasound showed the same lymph node (arrow).

Table 2 Comparison of SLNs Detected by CEUS versus SLNB

CEUS SLNB Z P

Cases 115 115

Failure cases 12 0

Total SLNs 118 330 −8.374 <0.001
Success rate 89.6% 100%

Median 1 3

Mean number 1.14 2.87

Number of SLN

0 11 0
1 89 21

2 13 31

3 1 31
4 0 18

>4 0 14
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metastatic lymph node by the combined method. All of the 
five false-negative cases had positive SLNs other than the 
125I-labeled SLNs. The sensitivity of SLN localization 
guided by CEUS technology was 84.4%, the false-negative 
rate was 15.6% with a specificity of 100%, a positive coin-
cidence rate of 100%, and a negative coincidence rate of 
93.1%. The consistency evaluation with the combined 
method showed that the Kappa value was 0.880 and 
P < 0.001, indicating an excellent consistency (Table 4).

Discussion
In recent years, SLNB has replaced ALND as the standard 
surgery for patients with early-stage breast cancer, which 
has significantly reduced the incidences of upper limb 
lymphedema, paresthesia, and dyskinesia.2–5 Domestic 
and foreign guidelines recommend that the combined 
administration of radionuclide and blue dye can improve 
the success rate as well as reduce the false-negative rate of 
SLNB.6,7 The purpose of this study was to investigate the 
CEUS clinical value in evaluating axillary lymph node 
status before surgery as well as the possibility of SLN 
localization guided by CEUS combined with 
125I implantation. With CEUS technology, we expected 
to explore a new method for detecting SLNs in patients 
with early-stage breast cancer.

Previous studies11–13 showed that CEUS might be 
a valuable technology for evaluating SLN statuses of breast 
cancer. Compared with other tracers, CEUS is superior due to 
being non-invasive, radiation-free, economical, and effective. 
In this study, the success rate of CEUS guided by SLN 
enhancement was 89.6% (103/115), which was consistent 
with the relevant studies in this field.11 Among the 12 failed 
cases, 5 only showed lymphatic vessels enhancements, but no 
lymph node was enhanced, in which 2 patients had already had 
their primary tumors resected before, and the tumors were all 
located in the outer upper quadrant. It might lead to enhancing 
failures due to the contrast agent being unable to drain to the 
lymph nodes because of the removed lymphatic vessels. The 
other seven failed cases neither had lymphatic vessels nor 
lymph node enhancement. In three of those, vessel carcinoma 
embolus was reported in postoperative pathology, which might 
block the lymphatic vessels, and the contrast agent could not 
pass through them, resulting in failure enhancement. In addi-
tion, 8 of 12 failed cases occurred in the first 50% of the study, 
indicating there a learning curve might exist. Other factors, 
such as BMI, molecular typing was analyzed, and we found 
that none of these factors are related to enhancement failure 
(P>0.05).

One significant advantage of CEUS technology lies in its 
ability to enable us to observe enhanced lymphatic vessels and 
lymph nodes on the ultrasound screen in real time. According 
to the observed enhancement pattern, SLNs could be divided 
into 3 types.10 Type I: SLN significant homogenous enhance-
ment. The contrast agents were uniformly distributed in the 
lymph nodes, which might suggest no tumor cell metastasis in 
the node. Type II: SLN significant homogenous enhancement 
with low to no perfusion area. The filling defect area of the 
SLN might be due to partial invasion of a tumor cell. Type III: 
SLN weak enhancement. In this type, tumor cells might have 

Table 3 Patterns of Enhancement and SLNs Status

SLN CEUS P

Type I Type II Type III

Pos 5 16 11 <0.001

Neg 60 4 3

Figure 3 Three types of SLN enhancement patterns. (A) Type I, SLN presented significantly homogenous enhancement (arrow). (B) Type II, SLN showed significant 
heterogeneous enhancement (arrow). (C) Type III, SLN showed weak enhancement (arrow).
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invaded the entire node and replaced all normal cells, or 
obstructed major lymphatic vessels, leading to weak enhance-
ment. Based on the type of enhancement pattern, we explored 
the CEUS value by detecting SLN metastasis preoperatively. 
Thirty-four cases were predicted to have SLN metastasis 
(metastasis in 27 cases and no metastasis in 7 cases confirmed 
by postoperative pathology), and 65 cases were predicted to 
have no SLN metastasis (metastasis in 5 cases and no metas-
tasis in 60 cases by pathology). The sensitivity and accuracy of 
our study were comparable to previous studies.13

SLN localization was another vital problem that 
needed to be solved with CEUS technology. Previous 
studies had attempted to locate SLN through body surface 
markers or puncturing needle routes; however, factors 
such as changing body positions easily affected localiza-
tion accuracy.11 Guidewires had been used by some stu-
dies to improve the aforementioned deficiencies, but 

patients generally reported discomfort with long guidewire 
placed inside their bodies.14 Considering these factors, we 
used 125I particles to locate SLNs with sizes so tiny that 
we expected it to reduce the foreign body sensation as well 
as guarantee accuracy. In our study, the accuracy of 
125I localization was 96.1% (99/103), higher than the 
results reported in other papers.15 The reason might be if 
the seeds were not implanted in the SLNs, we would 
scrupulously dissect the tissue around the seeds. 
Localization was also considered successful if lymph 
nodes could be found within a radius of 5 mm.

After 125I seed implantation, all patients received 
a routine mammogram to observe if the seeds were accu-
rately placed into the SLNs. Compared with the successful 
implantation rate in surgery (96.1%), the accuracy of pre-
operative mammogram was lower (65.0%). The reason 
might be that the mammogram is not competent enough 

Table 4 The SLN Metastasis Rate of CEUS and the Combined Method

Number Combined+ Combined− Total CEUS Kappa P value

CEUS+ 27 0 27 0.880 <0.001

CEUS− 5 67 72
Total combined 32 67 99

Note: Combined: methylene blue and radionuclides.

Figure 4 The 125I seed implantation process. (A) The needle (arrow) can be seen directly in ultrasound. (B) The 125I seed (arrow) was implanted in the enhanced SLN.
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to show the entirety of the SLN clearly, and it is hard to 
determine the relative position through 2-dimensional 
images. A Tomography X-ray scan or MRI may be 
a better way to observe the position of 125I seeds in the 
axilla.

There are also some concerns with this technology. 
125I seeds themselves are radioactive and may raise safety 
concerns. In fact, the average diameter of the radiation 
emitted by 125I particles is 1.7 cm.16 After being implanted 
in the body, the radiation energy on the body’s surface is 
almost negligible. To further reduce radioactivity, half- 
dosed 125I seeds were used in this study. Another notable 
concern lies in that 125I seeds preoperatively implanted 
may cause local hematoma that interfere with the normal 
SLNB process. However, in our study, there have been no 
failure cases reported in the SLNB process. In addition, 
the CEUS process may increase hospitalization costs, and 
many patients reported that the intradermal injections of 
contrast are painful.

In our study, the sensitivity, false-negative rate, speci-
ficity, positive coincidence rate, and negative coincidence 
rate of CEUS combined with 125I localization were 84.4%, 
15.6%, 100%, 100%, and 93.1%, respectively. Besides, it 
achieved excellent consistency with the combined method, 
with a Kappa value of 0.880 and P < 0.001, indicating that 
our study may be pertinent in clinical applications. There 
were five false-negative cases, all of which were derived 
from SLN metastasis other than the 125I-labeled SLNs. In 
other words, it may be that we missed the SLNs that were 
connected to another lymphatic vessel, which exhibited no 
enhancements in CEUS.17 However, the number of SLNs 
discovered with CEUS, as we noticed, was generally less 
than that discovered by the combined method. Among the 
103 patients with successful enhancements, 118 
SLNs were detected by CEUS, while 299 were discovered 
by the combined method. The numbers detected by these 
two methods showed significant statistical disparities 
(P<0.05). Although numerically deficient, CEUS com-
bined with 125I seed localization exhibited excellent con-
sistency with the combined method, with a Kappa value of 
0.880 and P < 0.001. That means, with a guarantee of total 
accuracy, CEUS combined with 125I seed localization 
might have an advantage in less surgical trauma, which 
would be beneficial for patients.

As a new technology, CEUS can accurately identify 
and locate SLNs in patients with early-stage breast cancer. 
CEUS provides a possible method for preoperatively eval-
uating axillary lymph nodes statuses, which may have an 

essential guiding significance for surgery options and fol-
low-up treatment plans. However, related research on this 
topic is insufficient, more patient data and multi-center 
cohort trials, as well as long-term follow-up data on safety 
and treatment efficacy, are needed to verify these 
conclusions.
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