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Abstract
Objective To explore the feasibility of sentinel lymph node
(SLN) identification by contrast-enhanced ultrasound (CEUS)
in pre-operative breast cancer patients and the value of enhance-
ment patterns for diagnosing lymph node metastases and
characterising axillary nodal burden.
Methods 110 consecutive breast cancer patients were en-
rolled. Before the surgery, microbubbles were injected intra-
dermally. The lymphatic drainage pathway was detected to
identify the SLNs. Blue dye and indocyanine green (ICG)
fluorescence were used to trace SLNs during the operation.
The enhancement patterns of SLNs were recorded and com-
pared with the final pathological diagnosis.
Results SLN detection rate was 96.4 % of 110 patients, 134
SLNs were detected in total. The sensitivity, specificity,
positive-predictive value, negative-predictive value and accu-
racy of predicting SLNs metastases by CEUS enhancement
patterns were 100 %, 52.0 %, 43.4 %, 100 % and 64.9 %,
respectively. No metastatic SLNs were presented as homoge-
neous enhancement. Low nodal burden with 0–2 SLN

metastases in 92.5 % nodes presented as heterogeneous en-
hancement. No enhancement pattern was proved to be SLN
metastases in 100 % patients.
Conclusions CEUS is a feasible approach for SLN identifica-
tion. CEUS enhancement patterns can be helpful in recognising
metastatic SLNs and nodal burden.
Key Points
• CEUS is a feasible approach for SLN identification and
characterisation.

• The enhancement patterns on CEUS can be helpful in
recognising metastasised SLNs.

• Homogeneous enhancement pattern has the highest
negative-predictive value.

Keywords Sentinel lymph node . Contrast-enhanced
ultrasound . Enhancement pattern . Breast cancer . Nodal
burden

Abbreviations
CEUS Contrast-enhanced ultrasound
ICG Indocyanine green
SLN Sentinel lymph node

Introduction

Axillary lymph node (ALN) status is an important prognostic
factor in patients with breast cancer [1]. Sentinel lymph node
(SLN) biopsy has replaced ALN dissection as the standard
procedure for nodal staging in breast cancer with clinical un-
apparent nodes, while ALN dissection is associated with sig-
nificant morbidity [2]. The definition of an SLN is an initial
lymph node that receives lymphatic drainage from the primary
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tumour [3]; thus, its histological status can represent the entire
lymph node basin.

American Society of Clinical Oncology Guidelines from
2014 [4] recommend clinicians should not perform ALND
for women with early-stage breast cancer and one or two
SLN metastases who will undergo breast-conserving therapy
(BCS) with conventionally fractionated whole-breast radio-
therapy. This recommendation is based on the ACOSOG
Z2011 [5, 6] randomized trial, which suggests that ALND
does not improve local recurrence rates or overall survival
for patients with T1/T2 tumours with limited SLN metastases
treated with BCS. Thus, differentiation of axillary nodal bur-
den in the diagnostic period remains clinically important,
which would aid surgical decision making [7].

The conventional methods for SLN biopsy include radio-
active colloids and the blue dye technique [8]. The identifica-
tion rate of the combination is up to 96 %, and the false-
negative rate is between 5 % and 10 % [9, 10]. Nevertheless,
radioisotopes (such as 99mTc) are expensive and difficult to
manage; dyes are cheap and easy to use but constitute a more
invasive method, the need for great care in finding lymphatic
channels may raise problems [11, 12].

Contrast-enhanced ultrasound (CEUS) is a new feasible
technique for SLN biopsy that was originally used in a swine
melanoma model [13, 14]. Ultrasound contrast agents consist
of sulphur hexafluoridemicrobubbles with a mean diameter of
2.5 mm; therefore, they can cross the blood capillaries and
lymphatic microvessels easily [15]. Many studies [9, 16–19]
have confirmed CEUS as a safe and reliable method for
localisation of SLNs. CEUS can identify 89 % of the SLNs
in breast cancer patients [20]. However, there are few data [12,
17] from prospective studies assessing intradermal CEUS-
enhancement patterns for the diagnosis of SLNs.

The aim of our study was to investigate the effectiveness of
CEUS in the identification of SLNs and explore the value of
enhancement patterns in diagnosing SLN metastases and
characterising nodal burden in early breast cancer.

Materials and methods

Patients

Between April 2015 and December 2016, 110 consecutive
patients with newly pathologically diagnosed breast cancer
were recruited for the study. The exclusion criteria were as
follows: patients who had proven ALN involvement, contra-
indications for the use of the ultrasound contrast agent, a his-
tory of previous ipsilateral breast cancer with axillary surgery
or radiotherapy, and no axillary surgery planned. The ethics
committee of Peking Union Medical College Hospital ap-
proved the study, and all participants provided signed in-
formed consent.

Contrast-enhanced ultrasound (CEUS) examination
and image analysis

All sonographic examinations were performed with an
Acuson S2000 (Siemens Medical Systems, Erlangen,
Germany) equipped with high-frequency linear array probes
(18L6HD, 9L4) and contrast pulse sequences (CPS). Low
mechanical index (MI) values were applied (MI: 0.06) to re-
duce microbubble destruction. Microbubbles (Sonovue,
Bracco Imaging, Milan, Italy) were used as the ultrasound
contrast agent. Sonovue dry powder was mixed with 2 ml
sterile saline.

The CEUS procedure was performed according to Sever
et al. [15, 20, 21]. In the early stage of research, Sever had
ensured that microbubbles could successfully enter breast
lymphatics and accumulate in architecturally defined axillary
nodes by intradermal injection. The CEUS-identified SLNs
were localised with guidewires or clips to confirm SLNs iden-
tified with blue dye, and when excised were also evaluated
with CEUS [21, 22]. Briefly, approximately 0.4 ml of ultra-
sound contrast agent was injected intra-dermally into the
periareolar area, and the injection area was massaged for 10–
30 s. Subcutaneous lymphatic channels could be visualised
immediately on CPS after injection. Enhanced lymph nodes
could be detected by moving the probe along the channels.
Grey scale or live dual images were used to confirm the pres-
ence of an architecturally defined SLN. If the lymphatic chan-
nel or lymph node was not detected successfully, one or two
additional injections could be performed. Once identified,
lymphatic duct and SLNs were marked on the skin surface.
This serves as a road map so that the SLNs can be identified
easily by surgeons. Then the size and number of SLNs were
recorded.

All ultrasound imaging was evaluated by two experienced
ultrasound physicians (ZJ and ZQL), who were blinded to the
patients’ clinical data, mammographic findings and patient
history. Initially, the examiner who performed CEUS gave
the assessment on-site. Then the reader gave an independent
assessment by reviewing image loops. If there was disagree-
ment about the enhancement pattern, consensus was reached
by discussion.

The pattern of enhancement of SLNs can be classed into
three types: type I, homogeneous enhancement; type II, inho-
mogeneous enhancement; and type III, no enhancement [12]
(Fig. 1). In this study, type I SLNs were considered negative
nodes, and type II or III SLNs were considered positive nodes.
The results were compared with the final pathological
diagnosis.

Surgical management of the axillary lymph nodes

Immediately after anaesthesia induction, 0.1 ml of blue dye
and 0.1 ml of indocyanine green (ICG) were intradermally
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injected into the periareolar upper outer quadrant region. The
draining fluorescent lymphatic duct was visualised using the
Photodynamic Eye, and the incision line was determined 1–
2 cm away from the end of the lymphatic duct localisation of
SLNs. The surgeon also found the draining blue-stained lym-
phatic ducts, then all blue-stained lymph nodes were excised.
The remaining nodes were re-evaluated by Photodynamic Eye
and harvested if ICG fluorescence was detected [23–25]. All
excised SLNs were submitted to standard histological analy-
sis. The number of SLN metastases at the end of surgical
treatment was also determined for each patient.

Statistical analysis

SPSS software version 15.0 (SPSS Inc. Chicago, IL, USA)
was used for the data analysis. Univariate analysis was done
using Fisher’s exact test for categorical variables, and the in-
dependent samples t-test was used to compare means of the
continuous normal data. The diagnostic indices including sen-
sitivity, specificity, positive-predictive value, negative-
predictive value and accuracy. The k coefficient was calculat-
ed to determine the inter-reader agreement. A p < 0.05 was
considered to indicate a statistically significant difference.

Results

Baseline characteristics of the patients

There were 109 females and one male with a median age of 49
years (range, 28–76 years). The stages of these patients were
0–IIB. The clinical features of these patients are summarised
in Table 1.

The median number of injections in 110 cases was one
(range 1–3). In 81 of 106 patients (81/106, 71.4 %), SLN
could be successfully localised by the first injection.

The identification rate of SLNs by CEUS was 96.4 %. In
four of 110 patients, CEUS failed to observe SLN preopera-
tively, while the median number of SLNs detected by blue
dye/ICG was 3.5 nodes. In the remaining 106 patients, the

Fig. 1 Different types of enhancement patterns and corresponding diagram. Type I: homogeneous enhancement (a); type II: regional (b) and diffused (c)
inhomogeneous enhancement; type III: no enhancement (d)

Table 1 Tumour and
sentinel lymph node
(SLN) characteristics for
the 110 patients

Characteristic Patients

Gender
Female 109
Male 1

Tumour size
Tis 15
T1 69
T2 21
T3 or multi-focal 5

Tumour histology
DCIS 15
IDC 85
ILC 2
Others 8

Molecular subtype
Luminal A 3
Luminal B-HER2(-) 11
Luminal B-HER2(+) 72
HER2 over-expression 18
Basal-like 5

SLN size
≤ 1.0 cm 48
1.0–1.5 cm 57
1.5–2.0 cm 17
≥ 2.0 cm 12

Note: The T molecular subtype of one case
was luminal

DCIS ductal carcinoma in situ, IDC inva-
sive ductal carcinoma, ILC invasive lobu-
lar carcinoma
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median number of SLNs detected by CEUS and blue dye/ICG
was 1.2 and 3.6, respectively.

Enhancement pattern of sentinel lymph nodes (SLNs)

By comparing the enhancement pattern with the pathological
diagnosis of SLNs, we found that type I nodes were all non-
involved SLNs (51/51); 62 % of type II nodes were non-
involved SLNs (47/76) and 38 % of type II nodes were in-
volved SLNs (29/76) (Fig. 2); all type III nodes were involved
SLNs (7/7) (Fig. 3).

In 126 out of 134 lesions (94.0 %), the two readers agreed
with each other on the classification of enhancement patterns.
In the remaining eight lesions with disagreement, the variation
in differences included homogeneous, heterogeneous and no
enhancement patterns. The k coefficient was 0.886, indicating
good inter-reader agreement (Table 2).

Whenwe considered the type I SLNs as negative nodes and
type II or III SLNs as positive nodes, the sensitivity of the
diagnosis of SLN metastasis was 100 %, the specificity was
52.0 %, and the accuracy rate was 64.9 %. The positive pre-
dictive value was 43.4 %, and the negative predictive value
was 100 % (Table 3).

Nodal burden of T1-T2 breast cancer

A total of 90 patients had T1-T2 breast cancer with normal
grey-scale axillary ultrasound. Of them, 62 patients had no
metastatic SLN. In the remaining 28 patients with SLN me-
tastases, eight patients had a high axillary nodal burden (≥3

SLN metastases) while 20 patients had a low axillary nodal
burden (1–2 SLN metastases) according to surgical histopa-
thology (Table 4).

When we considered ≥3 SLN metastases as positive, 0–2
SLNmetastases as negative, the sensitivity of CEUS enhance-
ment pattern diagnosis SLN status was 100 %, the specificity
was 34.2 %, and the accuracy rate was 37.9 %. The positive
predictive value was 13.3%, and the negative predictive value
was 100 % (Table 5).

Themean tumour size in the SLN negative group, SLN low
nodal burden group and SLN high nodal burden group was
1.66 cm, 1.70 cm and 1.85 cm, respectively. There was a
tendency toward size increment among the three groups, but
the difference did not reach statistical significance (p=0.576).
No statistically significant differences were found in either
tumour histology (p=0.907) or molecular subtype (p=0.157).

Discussion

SLN biopsy has become the standard procedure for axillary
staging of early breast cancer. Clinicians should not recom-
mend ALND for women with early-stage breast cancer and
one or two SLN metastases, but should receive BCS with
conventionally fractionated whole-breast radiotherapy [4,
26]. Thus, the accurate evaluation of the SLN status and axil-
lary nodal burden is essential for prognosis. Apart from the
conventional methods (e.g. blue dye and radioisotopes),
CEUS using different sonographic agents and techniques has
gained increasing interest in recent years [13–16, 20, 27].

Fig. 2 Type II identification by
contrast-enhanced ultrasound
(CEUS) image with
corresponding pathology. a
CEUS image of a sentinel lymph
node (SLN) that presented with
inhomogeneous enhancement; b
corresponding histological image
of the SLN in (a) (haematoxylin-
eosin stain; original magnification
× 4). The pathology results show
metastasis (marked with ‘M’) in
the SLN; (c) CEUS image of
another type II SLN; (d)
corresponding histological image
of the SLN in (c) (haematoxylin-
eosin stain; original magnification
× 4). The pathology results
showed no metastasis in the SLN,
but expansion of the lymphatic
sinus was observed
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The mean number of SLNs identified by CEUS was 1.2,
less than the 3.6 retrieved by blue dye/ICG. The blue dye/ICG
method could detect more SLNs than CEUS as the blue dye
regimen can pass through the SLN to adjacent lymph nodes
[11, 20].

In this study, all type I SLNs were non-involved lymph
nodes. The sensitivity was 100 %, and the negative predictive
value was 100 %. This result is consistent with previous re-
search [28], which confirmed that homogeneous enhancement
has a high negative predictive value in diagnosing SLN me-
tastasis, with a high Kappa value, resulting in a greater poten-
tial for clinical application.

Of the type II nodes, 29 SLNs were involved lymph nodes,
including those with regional and diffused inhomogeneous
enhancement (Fig. 2a and b). Many studies have reported that
filling defects in enhanced lymph nodes are significantly as-
sociated with tumour infiltration [13, 14], and tumour cells are
invaded by afferent lymphatic vessels and first implanted in
the local cortex lymphoid sinus. With continuous prolifera-
tion, tumour cells accumulate in the lymph nodes and obstruct
or destroy the small lymphatic vessels, forming areas that do
not enhance on CEUS [29]; thus, the SLNs presented with
inhomogeneous enhancement.

In addition, 47 type II SLNs were non-involved lymph
nodes (Fig. 2c and d), and this mechanism needs to be further
researched. We hypothesise that this result may be associated
with lymphatic reflux or lymph node structure. Wang et al.

[30] reported that a histopathology examination of SLNs
showed partial enhancement. They showed the proliferation
of lymphatic follicles or the lymphatic sinus, while normal
lymphatic tissue was observed in completely enhanced
SLNs. Lymph nodes consist of multiple lymphoid lobules
surrounded by lymph-filled sinuses and are separated by tra-
beculae (larger lymph nodes that contain more lobules) [28].
The microbubbles pass from afferent lymphatic channels to
the cortical sinuses, then to the medullary sinuses, and finally
to the efferent channels. Our study showed that non-involved
SLNs that presented as type II exhibited expansion of the
lymphatic sinus. This region may show slower enhancement;
thus, SLNs may manifest as heterogeneous enhancement.

Macdonald et al. [31] showed that lymphatic flow was pos-
itively correlated with regional tissue pressure and negatively
correlatedwith lymphatic reflux pressure. Thewall of collective
lymphatic channels consisted of smooth muscle with spontane-
ous contraction frequency. If themassage frequencywas greater
than the spontaneous contraction frequency of the initial lym-
phatic vessels, the lymphatic flow could increase. Therefore,
when inhomogeneous enhanced SLNs include involved and
non-involved lymph nodes, the overlap between benign and
malignant nodes is large. Solely relying on the enhancement
patterns cannot accurately predict the SLN status.

Type III SLNs were all positive lymph nodes, which may
have occurred due to the following reasons: (1) tumour cells
proliferated in the SLNs and infiltrated almost the entire

Fig. 3 Type III enhancement with corresponding pathology. a The
sentinel lymph node (SLN) shows no enhancement on contrast-
enhanced ultrasound (CEUS); b corresponding histological image of
the SLN (haematoxylin-eosin stain; original magnification × 4). The

pathology results show metastasis (marked with ‘M’) in almost the
entire SLN, and only a small amount of normal lymphoid tissue is
distributed to the periphery of the SLN (marked with ‘ ✩ ‘)

Table 2 Inter-reader agreement of the classification of enhancement
patterns

Reader 1 Reader 2 Total

Type I Type II Type III

Type I 46 5 0 51

Type II 1 74 1 76

Type III 0 1 6 7

Total 47 80 7 134

Table 3 Enhancement patterns and sentinel lymph node (SLN) status

CEUS SLN Total (%)

Pos (%) Neg (%)

III 7 (5.2) 0 (0) 7 (5.2)

II 29 (21.6) 47 (35.1) 76 (56.7)

I 0 (0) 51 (38.1) 51 (38.1)

Total (%) 36 (26.8) 98 (73.2) 134 (100)

CEUS contrast-enhanced ultrasound
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lymph node (Fig. 3); (2) tumour cells infiltrated part of the
lymph node but obstructed the main lymphatic channels, caus-
ing the SLNs to present with no enhancement. In this study,
the sample size of type III SLNs was low, and greater numbers
are needed to evaluate their predictive value.

Enhancement pattern could be helpful for characterisation of
nodal burden. All patients (27/27, 100 %) with a homogeneous
enhancement pattern had no SLN metastases, and may be ide-
ally suited for axillary conservation. Although no statistically
difference was reached, heterogeneous enhancement pattern in
SLN seems to be a low nodal burden entity. Most patients (49/
53, 92.5 %) with a heterogeneous enhancement pattern in this
study had 0–2 SLN metastases, while only four patients (4/53,
8.5 %) had ≥3 SLN metastases. No enhancement pattern im-
plied a high nodal burden. In this study, 100 % of them had
involved SLNs, four patients (4/7, 57.1 %) had more than two
SLN metastases, while three patients (3/7, 42.9 %) had 1–2
SLN metastases. In this scenario, the detection of the precise
number of metastatic axillary nodes should be evaluated histo-
pathologically. No diagnostic method (ultrasound, ultrasound
plus biopsy, MR) is suitable for the entity of node involvement

at present [32, 33]. Thus, a SLN biopsy is warranted when
preoperative CEUS non-enhancement is suspected.

Theoretically, therewas a positive correlation between tumour
size and nodal burden, with a larger tumour there was a higher
nodal burden. Unfortunately, there was a tendency toward size
increment from low groups to high groups, but the difference did
not reach statistical significance (p=0.576). Furthermore, in the
current study the most common type of tumour histology and

Table 4 Patient, tumour and
sentinel lymph node (SLN)
characteristics of T1-T2 breast
cancer

Number of SLN metastases at surgical histopathology P-value

Negative (0 SLN
metastases)

Low (1–2 SLN
metastases)

High (≥3 SLN
metastases)

Total number of patients 62 20 8

Median age in years 48.0 (28–76) 49.5 (34–64) 50.0 (35–57) 0.975

Tumour size 0.576

T1 49 15 5

T2 13 5 3

Mean size (cm) 1.66±0.70 1.70±0.70 1.85±1.09

Tumour histology 0.907

IDC 56 18 7

ILC 1 0 1

Others 5 2 0

Molecular subtype 0.157

Luminal A 2 0 1

Luminal B-HER2(-) 6 3 1

Luminal B-HER2(+) 40 13 6

HER2 over-expression 10 3 0

Basal-like 4 1 0

Enhancement pattern# <0.001

Type I 27 0 0

Type II 32 17 4

Type III 0 3 4

Note: The tumour molecular subtype of one case was luminal
# In three patients with negative SLN, CEUS failed to detect SLN. In total, the enhancement pattern can be
evaluated in 87 patients

CEUS contrast-enhanced ultrasound,DCIS ductal carcinoma in situ, IDC invasive ductal carcinoma, ILC invasive
lobular carcinoma

Table 5 Enhancement patterns and nodal burden of T1-T2 breast
cancer

CEUS SLN status Total

≥3 SLN metastases 0–2 SLN metastases

III 4 3 7

II 4 49 53

I 0 27 27

Total 8 79 87

CEUS contrast-enhanced ultrasound, SLN sentinel lymph node
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molecular subtype was invasive ductal carcinoma and luminal B
subtype, respectively. No statistically significant differences were
found either in tumour histology (p=0.907) or in molecular sub-
type (p=0.157).We consider that moremulticentre data are need-
ed to validate the true correlations between CEUS and tumour
size, histology and molecular subtype.

There was good inter-reader agreement on the classifica-
tion of enhancement patterns (k coefficient: 0.886). The two
readers agreed with each other in 94.0 % of SLNs (126/134).
In the remaining eight SLNs with disagreement, the variation
in differences included homogeneous (5/8), heterogeneous
(2/8) and no enhancement (1/8) patterns. The inter-reader
agreement data have not been described earlier reports [12,
17]. The reproducibility of the CEUS in this study is high.
This implies that the classification pattern in the study is sim-
ple and appropriate training could ensure that this technique
could be readily applied to the real clinical setting.

Technical limitations remained in CEUS method. In this
study, CEUS failed to identify SLN in four patients and three
SLNs could be identified after three consecutive injections in
two patients. However, the median number of injections used
in the population was 1 (range 1–3). In 81 of 106 patients (81/
106, 71.4 %), SLN could be successfully localised by the first
injection. Combined with a high identification rate, CEUS
could be a valuable technique for clinical application.

In conclusion, CEUS is easy to operate and has high repro-
ducibility. CEUS can accurately identify the SLNs in preop-
erative breast cancer patients. The enhancement patterns on
CEUSmay be helpful for further recognising metastatic SLNs
and axillary nodal burden. CEUS could be a promising tech-
nique for localisation and characterisation of SLNs in pre-
operative breast cancer.
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