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Abstract

Objective This study evaluated the identification efficiency of contrast-enhanced ultrasound (CEUS) for sentinel
lymph nodes (SLN) to accurately represent the axillary node status in early-stage breast cancer.

Method In total, 109 consecutive consenting patients with clinically node-negative and T1-2 breast cancer were
included in this study. All patients received CEUS to identify SLN before surgery, and a guidewire was deployed to
locate SLN in those who were successfully explored by CEUS. The patients underwent sentinel lymph node biopsy
(SLNB), and the blue dye was used to trace SLN during the surgery. The decision to perform axillary lymph node
dissection (ALND) depended on the intraoperative pathological identification of SLN by CEUS (CE-SLN). The concord-
ance rate of pathological status between CE-SLN and dyed SLN was calculated.

Result The CEUS detection rate was 96.3%; CE-SLN failed in 4 patients. Among the remaining 105 successful iden-
tifications, 18 were CE-SLN positive by intraoperative frozen section, and one with CE-SLN micrometastasis was
diagnosed by paraffin section. No additional lymph node metastases were found in CE-SLN-negative patients. The
concordance rate of pathological status between CE-SLN and dyed SLN was 100%.

Conclusion CEUS can accurately represent the status of axillary lymph nodes in patients with clinically node-nega-
tive and small tumor burden breast cancer.

Keywords Sentinel lymph nodes (SLN), Sentinel lymph node biopsy (SLNB), Contrast-enhanced ultrasound (CEUS),
SonoVue, Microbubbles, Breast cancer
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Introduction

Sentinel lymph node biopsy (SLNB) is the preferred
method for axillary node staging in clinically node-
negative breast cancer patients. Blue dye and *’mTech-
netium-sulfur colloid are the commonly used sentinel
lymph node tracers. Studies have established that the
dual-tracer method combining an isotope and dye has
the highest tracing rate [1-3]. False negative rate (FNR)
is an important index to evaluate the accuracy of SLNB.
A B32 study recommended that for lower ENR, two or
more SLN (sentinel lymph nodes) should be obtained
in the operation, and the more the SLN obtained, the
lower the FNR [1]. An ALMANAC study also reached
a similar conclusion [2]. However, certain cases, where
only one SLN was marked and obtained, make surgeons
doubt the accuracy of the detection. Most such patients
need to undergo extensive lymph node excision or axil-
lary lymph node dissection for confident axillary stag-
ing, causing excessive surgery. In addition, sometimes,
the tracer may recognize a lot of SLN. For instance, an
ALMANAC study reported a maximum of 9 SLN [4].
Such a situation may occur due to tracer access reach-
ing secondary lymphatic vessels, causing excessive axil-
lary exploration and thereby leading to over-resection
of lymph nodes. Although it reduces FNR, it increases

the risk of postoperative complications, which is also
contrary to the primary goal of SLNB.
Contrast-enhanced ultrasound (CEUS) is a novel
lymph node tracing method, which has been used for
SLNB surgery in several breast cancer studies [5-11].
The tracer used in CEUS is a microbubble contrast
agent that enhances the ultrasonography of lymphatic
vessels and lymph nodes. Given the higher molecu-
lar weight of the microbubble relative to the blue dye
but with similar rapid entry into the lymphatic vessels,
CEUS detects SLN within minutes after drug injection
without flowing into the secondary lymphatic vessels
immediately. With these features, SLN identified by
CEUS are significantly less than those identified by the
isotope-dye method [12-14]. Some studies have sug-
gested that in cases of positive SLN, the SLN identified
by CEUS must be included in positive nodes [9, 14].
In a previously published meta-analysis, we showed
that the positive rate of sentinel lymph nodes identi-
fied by CEUS (CE-SLN) is more than six times higher
than those by conventional methods [15]. The reason
was that other secondary lymph nodes that were not
identified by CEUS were eliminated as they were not
real SLN and were the results of over-identification
by conventional tracer methods. Importantly, in such
node-negative patients, it could have been sufficient
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to remove the CEUS-identified SLN. Therefore, here,
we conducted a prospective cohort study to investi-
gate whether the pathological status of axillary lymph
nodes can be accurately determined by CE-SLN identi-
fication alone.

Methods

Study design and population

This is a prospective, monocentric, single-arm, self-
comparison, cohort study, and the clinical trial was reg-
istered at the maternal and child health research project
of Jiangsu province, China (code: F201951). All patients
underwent preoperative CEUS and intraoperative blue
dye procedures. The concordance rate of pathological
status between CE-SLN and dyed SLN was defined as the
primary endpoint of the study. Patients’ inclusion criteria
were as follows: (1) pathologically confirmed breast inva-
sive carcinoma, (2) the tumor is unifocal with less than
5 cm in diameter, and (3) the clinical assessment is axil-
lary lymph node-negative. The exclusion criteria were as
follows: (1) diagnosis of distant metastasis before surgery,
(2) history of surgery around the areola region or in the
outer upper quadrant of the breast and axillary, includ-
ing tumor excision biopsy, and (3) prior radiotherapy
to the ipsilateral chest wall and axilla. The axillary node
status was established by ultrasonography performed
by two professional sonographers, and the subjects with
suspicious lymph nodes were eliminated. The study was
approved by the Institutional Ethics Committee, and all
patients were asked for informed consent before surgery.
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CE-SLN

CEUS was performed after general anesthesia of the
patient and before surgery. The contrast agent was
the microbubble reagent (SonoVue" BRACCO Imag-
ing, S.p.A, Milan, Italy), which was dissolved in 5 ml of
saline (NaCl 0.9%). After repeated shaking, 0.5 ml liquid
was respectively taken out and subcutaneously injected
immediately at the areola edges at 12, 3, 6, and 9 o'clock
and massaged for 1-3 min. The breast-to-axilla lymphatic
flow was identified by CEUS using the Logiq E9 with the
XDclear platform (GE Healthcare, Tokyo, Japan). The
specific operation method is described in previous lit-
erature [16]. The operation was repeated if the enhanced
lymph node was not explored within 5 min to confidently
ensure the absence of SLN. After successfully explor-
ing the enhanced SLN, the operation was repeated once
more to confirm the number and location of SLN. Based
on the direction of the lymphatic tube and the position
of SLN, the positioning hook wire (20G, LW0077, BARD)
was pierced into the lymph node under the guidance of
ultrasound. Before beginning the study, a training set of
30 patients was operated on, which had a success rate
of more than 90%, and was excluded from the study.
The entire SLN identification and positioning process is
shown in Fig. 1.

Surgery

After the completion of SLN localization, the SLNB sur-
gery was initiated immediately. Before the skin incision,
1 ml methylene blue was subcutaneously injected in the
same location as the microbubble injection and kneaded
gently for several minutes. Next, the surgeon made an

Fig. 1 Operation process of identifying and locating the SLN by CEUS. A CEUS identify SLNS. B, C The hook wire locates the identified SLN. D
Resected the positioned SLN along the hook wire (the red triangle indicates SLN; the black arrow indicates the hook wire)
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incision of about 3 cm in length in the axilla according to
the marked SLN, explored, and removed the SLN along
the direction of the guide wire. The pathological status
of CE-SLN was intraoperatively diagnosed by frozen sec-
tion. While the intraoperative pathological result was on
wait, the surgeon continued to explore and remove the
remaining dyed lymph nodes. If the CE-SLN was path-
ological positive, axillary lymph nodes were dissected,
and if the CE-SLN was pathological negative, except for
the remaining dyed lymph nodes, peripheral non-dyed
lymph nodes were also removed until the number of
SLNs reached 6. These supplementary SLNs and axillary
dissection specimens were directly diagnosed by paraffin
sections and no intraoperative frozen sections. The oper-
ation time was recorded as the CE-SLN and the BD-SLN
(blue dye-identified SLN) operation times, respectively.
CE-SLN operation time included the period from skin
incision to excision of CE-SLN. Also, the time of each
dyed lymph node excision was recorded. BD-SLN opera-
tion time is the time taken from the skin incision to the
removal of the last dyed lymph node.

Statistical analysis

All data were recorded as an EXCEL database (Microsoft,
Redmond, WA, USA). Continuous variables are reported
as mean and median numbers (e.g., node numbers and
operation times); categorical variables are reported as
numbers and percentages. SPSS statistical software ver-
sion 18.0 was used (SPSS Inc. Chicago, IL, USA) for
statistical analysis. Continuous variables between proce-
dures were compared with Mann—Whitney U test, while
categorical variables were subjected to Fisher exact test.
The concordance rate is represented as the percentage of
concordant patients. Data with a P-value <0.05 were con-
sidered statistically significant.

Results

Preoperative detection rate of CEUS-SLN

From May 1, 2020, to May 31, 2022, in total, 204 female
patients were found eligible, of which 109 agreed to the
protocol and formed the initial study population. Out of
the 109 patients, 105 were identified by CEUS-SLN, while
the other 4 only accepted the dye method. Therefore, the
detection rate of CEUS was 96.3%. Among the 105 suc-
cessful patients, 72 patients were located with one CE-
SLN, and 33 patients were located with two CE-SLN: the
mean number of CE-SLN was 1.3. The clinical character-
istics of patients are listed in Table 1, and the complete
study process is shown in Fig. 2.

Primary endpoint
Based on the records of SLNB surgery, BD-SLN were
successfully found in the subsequent SLNB surgery in all
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Table 1 Clinical characteristics of the initial population

Characteristics Number
of patients
(%)

Age

<50 years 34 (31.2%)

>50 years 75 (68.8%)
T stage

T 91 (83.5%)

T2 18 (16.5%)
Grade

| 2(1.8%)

I 68 (62.4%)

Il 39 (35.8%)
Histology

Ductal carcinoma 99 (90.8%)

Lobular carcinoma 3(2.8%)

Papillary carcinoma 5 (4.6%)

Mucinous adenocarcinoma 2 (1.8%)
ER/PR status

ER positive and/or PR positive 85 (78.0%)

ER and PR negative 24 (22.0%)
Her2 status

Positive 20 (18.3%)

Negative 89 (81.7%)
Subtype

Luminal A/B (Her2-negative) 78 (71.6%)

Her2-enriched 20 (18.3%)

Triple-negative 11 (10.1%)
Pathological N status

Negative 87 (79.8%)

Positive 22 (20.2%)

>2 positive nodes 5 (4.6%)
Surgical management

Mastectomy 86 (78.9%)

Breast-conserving surgery 23 (21.1%)
Method of diagnosis

Core needle biopsy 74 (67.9%)

Excision biopsy? 35(32.1%)

@ Excision biopsy was permitted when the tumor is located outside the outer
upper quadrant and areola region

105 patients with successful CEUS operations: the mean
number of BD-SLN was 2.5, including all of the CE-
SLN. The pathological node metastasis status of the 105
patients showed that 86 were axillary node-negative, and
19 were positive. Among the 19 node-positive patients, at
least one CE-SLN was metastatic for every patient, and
17 of the node-positive patients were CE-SLN positive
alone with a concordance rate of 100%. Notably, two of
the patients had CE-SLN micrometastases (one of them
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Histologically proven invasive breast cancer

Eligible patients, n=204

Inclusion criteria:

® unifocal and less than 5cm in maximum
diameter;

®  clinical ultrasonic evaluation axillary lymph
node negative.

Exclusion criteria:

& distant metastasis was diagnosed before
surgery;

& there was a history of surgery around areola
region or in the outer upper quadrant of the
breast and axillary, including tumor excision
biopsy of this time;

@  Prior radiotherapy to the ipsilateral chest wall
and axilla.

Preoperative CEUS guided SLN identification and
localization, n=109

Refusal of enroliment, n=95

BCS or mastectomy, and Sentinel lymph node
biopsy, n=105

-CE-SLNSs, Guided by hook wire

-BD-SLNs, Guided by blue-dyed lymph-vessel

A4

CEUS operation failed, n=4

CE-SLNs send to frozen sections and other SLNs
send to paraffin sections

-Primary endpoint:

The concordance rate of pathological status between
CE-SLNs and BD-SLNs

patients with intraoperative CE-SLN positive, n=18
-17 patients accept ALND

-1 patient accepts SLNB alone (CE-SLN
micrometastasis)

Patients with intraoperative
CE-SLN negative, n=87

-all patients accept SLNB alone
-No other positive SLN was found
-1 patient was CE-SLN
micrometastatic diagnosed by
paraffin section

Primary endpoint:
The concordance rate was 100%
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Fig. 2 Study flowchart. BCS, breast-conserving surgery; BD, blue dye; CEUS, contrast-enhanced ultrasound; SLN, sentinel lymph node; CE-SLN,
sentinel lymph nodes identified by CEUS; BD-SLN, sentinel lymph nodes identified by BD

was found in paraffin pathology), and neither of them
received ALND. All 19 node-positive patients are listed
in Table 2. Among the 4 CEUS unsuccessful patients, 3
failed even in the dye method, while the final pathological
results showed that they had lymph node metastasis.

Analysis of CEUS operation records

CEUS operation records showed that 84 patients were
successfully displayed and positioned SLN with only
one injection of contrast agent; only 11.9% (10/84)
patients were node positive. On the contrary, 21 patients
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required the second injection for SLN positioning, and
42.8% (9/21) were node positive. The latter group had a
significantly higher risk of lymph node metastasis than
the former. Among node-positive patients, 42.1% (8/19)
had only CE-SLN dyeing, compared with 20.9% (18/86)
of node-negative patients. The results from the above
analysis are listed in Table 3. The median number of dyed
lymph nodes was 2 in node-positive patients and 3 in
node-negative patients. The mean operation time of CE-
SLN was 415+ 134 se, which was less than that of BD-
SLN (536 +201 s).

Discussion
Since the 1990s, the use of dye and isotope has been
the widely accepted tracer method in SLNB staging of
breast cancer [17-19]. Although the isotopic method
is considered the most accurate, it is limited by its high
cost and potential radiological hazards. Likewise, even
though the dyeing method is simple and low-cost, it
causes tattoo effects and allergic reactions [20, 21]. In
patients with nipple-sparing mastectomy and immediate
implant-based reconstruction, the dye-induced periareo-
lar coloration increases the risk of nipple necrosis [22].
CEUS-guided SLNB has been reported for more than
a decade, especially, correlative research has increased
year by year in the last five years. Using an ultrasonic
enhanced agent, with the assistance of an ultrasound pro-
fessional doctor, a clinical surgeon can accurately know
the location of SLN before the surgery: the method is as
simple as the dyeing method. SLNB becomes further eas-
ier with wire positioning, reducing any possible damage.
In several prospective studies, the detection rate of
CEUS-localized SLN has been more than 90%. For
instance, Li et al. reported an SLN detection rate of
98.23%, which included 453 patients [10]. Zhong et al’s
study included 126 patients and had an SLN detection
rate of 100% [23]. In this study, the SLN detection rate
was 96.3%, which is consistent with previous studies
and not inferior to the isotope and dye method. In addi-
tion, consistent with previous reports [12—14], the aver-
age number of CEUS identified SLN in our study was
1.3, which is significantly smaller than that obtained by

Table 3 Comparative analysis of operation record data

Node positive  Node OR (95%Cl) P value
negative
CEUS operation times
1 10 74 0.278 (0.130-0.596)  .003
2 9 12
Dyed node except CE-SLN
Yes 1 68 0453 (0.204-1.003)  0.101
No 8 18
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the dye method. This was mainly due to differences in
the molecular weight of the two tracers [6, 7]. A smaller
tracer with a longer tracer duration is more likely to enter
the secondary lymphatic vessels, increasing the removal
of more non-SLN and postoperative complications.
Previous studies, like in B32 and ALMANAC, also sug-
gested that although SLNB significantly reduces the risk
of upper limb complication compared with ALND, about
8-41% of patients experience upper limb paresthesia
and other complications [24]. Retrospective studies and
meta-analyses have demonstrated that there is always
some morbidity in the upper limb after SLNB surgery;
the most common is axillary pain, which torments more
than 10% of patients [25—27]. The main cause may be the
excessive exploration of SLN. A previous study suggested
that, in a small minority of patients, SLN for the breast
and upper limbs may be at the same station [28]. The
CEUS method can find the real SLN more quickly and
accurately, reducing the exploration of other secondary
lymph nodes and, in turn, lowering upper limb complica-
tions. Currently, several RCT studies about omitting sen-
tinel lymph node biopsy are underway [29]; however, the
persuasive results and conclusions need a long follow-up,
which practically is not possible in current clinical prac-
tice. Therefore, like the CEUS method, reducing the sur-
gical trauma of SLNB while ensuring diagnostic accuracy
is a more practical approach at this stage.

In this study, all preoperatively located CE-SLN were
dyed. However, some previous reports showed that some
CEUS-identified SLN cannot be dyed [9, 30], which may
be related to the lymphatic drainage pattern in such
patients. The lymphatic drainage pattern from the mam-
mary gland to the axilla can be divided into four modes:
(1) a single primary lymphatic vessel corresponds to a
single SLN, (2) a single primary lymphatic vessel after
branching corresponds to two or more SLN, (3) multiple
primary lymphatic vessels correspond to multiple SLN,
and (4) multiple primary lymphatic vessels when aggre-
gated correspond to a single SLN [13]. (1) and (2) account
for more than 80% of the total, and the third is the rarest.
So, if CE-SLN remains undyed, the first lymph node cor-
responding to the dyed primary lymphatic vessel must be
removed to minimize the FNR.

In our study, three quarters of the patients who failed
in CE-SLN identification were node metastatic. Fur-
ther analysis of CEUS operating records found that, in
all lymph node-positive patients, 47.4% belonged to the
secondary operation group with an SLN-positive rate
of 42.8%, which may be related to the poor flow of lym-
phatic tubes in these patients [31]. Given this data, in
clinical practice, the success rate of SLNB can be well pre-
dicted by the CEUS method, while in patients with CEUS
failure, double tracing may be necessary to increase the
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success rate. On the contrary, in patients with successful
SLN localization after a single CEUS operation, most of
them were node-negative or had only a mild tumor bur-
den in the SLN. In all, CEUS can accurately predict the
axillary state or lymph node load before surgery.

Compared with the single dye method, the operation
time of CEUS-guided SLNB is significantly reduced. Fur-
thermore, the operation time of the dye method in this
study was shortened because of the guidance from the
guide wire, suggesting that the real operation time of the
single dye method can be longer. CEUS can also shorten
the learning curve of surgeons and improve the accuracy
of SLN exploration [32]. In this study, the false negative
rate of CE-SLN was 0%. Although these patients did not
undergo ALND, at least six lymph nodes including all
dyed nodes were removed. Notably, previous studies have
shown that the risk of FNR is very small when more than
5 lymph nodes are removed [1, 2].

Nonetheless, this study had some limitations. Firstly,
83.5% of the patients were in early breast cancer stage
T1; the application value of the CE-SLN in patients with
larger tumor diameters needs to be further studied. This
study only investigated the methodological feasibility and
the effect on long-term recurrence was lacking in data.
Meanwhile, the impact of CE-SLN on upper limb func-
tion needs to be further evaluated to validate its superi-
ority over traditional methods. The intraoperative tracer
in this study was the blue dye, which is not the best single
tracer and has the tattoo effect and other defects. CEUS
combined with isotope may overcome the defects of the
dye method, which can also be used to verify the results
of this study. Finally, more clinical studies would help
confirm these results.

Conclusion

In clinically node-negative breast cancer patients, SLNB
under CEUS guidance is a high-efficiency new method,
avoiding probable excessive exploration of SLNs. None-
theless, more clinical studies are needed to confirm these
results.
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