
ULTRASOUND

Contrast-enhanced lymphatic US can improve the preoperative
diagnostic performance for sentinel lymph nodes in early
breast cancer

Zihan Niu1
& Yuanjing Gao1

& Mengsu Xiao1
& Feng Mao2

& Yidong Zhou2
& Qingli Zhu1

& Yuxin Jiang1

Received: 27 April 2022 /Revised: 20 August 2022 /Accepted: 5 September 2022
# The Author(s), under exclusive licence to European Society of Radiology 2022

Abstract
Objectives To evaluate the preoperative diagnostic value of contrast-enhanced lymphatic ultrasound (CEUS) for the sentinel
lymph node (SLN) status in early breast cancer.
Materials and methods We prospectively recruited 102 consecutive patients with clinically node-negative early breast cancer
from July 2021 to October 2021. All patients underwent conventional US and percutaneous CEUS examinations. The CEUS of
SLNs were classified into four enhancement patterns: homogeneous (I), featured inhomogeneous (II), focal defect (III), and no
enhancement (IV). The diagnostic performance of conventional US and CEUS for SLN metastasis was assessed by receiver
operating characteristic (ROC) curves and decision curves.
Results A total of 78 womenwere enrolled in this study, including 55, 18, and 5 patients with negative axilla, 1–2, and ≥ 3metastastic
SLNs pathologically, respectively. The identification rate of SLNs by CEUS was 100%. Patterns I and II can select 91.7% (44/48) of
patients with disease-free axilla, while patterns III and IV had higher percentages of metastasis (65.2%, p < 0.001 and 57.1%, p <
0.002, respectively). For the SLN metastatic burden, 100% (48/48) of patients with pattern I/II had ≤ 2 metastatic SLNs. Compared
with conventional US, the CEUS enhancement patterns showed significant improvement in diagnosing metastatic SLNs (0.813 vs
0.601, p < 0.001). CEUS had greater clinical benefits and correctly reclassified 48% ofmetastatic SLNs (p < 0.001) without sacrificing
the classification accuracy of negative SLNs (p = 0.25), and could improve prediction accuracy by 0.42 (p < 0.001).
Conclusions CEUS demonstrated better diagnostic performance and greater clinical benefits than conventional US for the
preoperative diagnosis of SLNs, showing its potential to select candidates for precluding axillary surgery in early breast cancer.
Key Points
• The homogeneous and featured inhomogeneous enhancement of SLNs are highly suggestive of negative LNs, while focal defect
(p < 0.001) and no enhancement (p < 0.002) patterns had higher percentages of metastasis.

• The proportion of SLNs with highly suspicious signs on conventional US increases as the type of enhancement pattern increases
(no suspicious signs in pattern I/II, 34.8% in pattern III, and 85.7% in pattern IV).

• Compared with conventional US, CEUS improved the area under the receiver operating characteristic curve (0.813 vs. 0.601,
p < 0.001) and had greater clinical benefits (IDI = 0.42, p < 0.001) for the diagnosis of axillary metastasis.
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Abbreviations
ALN Axillary lymph node
ALND Axillary lymph node dissection
AUC Area under the receiver operating

characteristic curve
CEUS Contrast-enhanced ultrasound
CT Computed tomography
MRI Magnetic resonance imaging
ROC Receiver operating characteristic
SLN Sentinel lymph node
SLNB Sentinel lymph node biopsy

Introduction

Sentinel lymph node biopsy (SLNB) has been the standard
procedure for axillary lymph node (ALN) staging in breast
cancer. According to American College of Surgeons
Oncology Group (ACOSOG) Z0011 data, ALN dissection
(ALND) can be replaced by sentinel lymph node biopsy
(SLNB) for clinical T1-2 N0 breast cancer patients with 1–2
metastatic SLNs [1, 2]. However, for patients with early breast
cancer and nonpalpable axillary LNs, approximately 29–45%
of nodes are pathologically positive, with a very small percent-
age of patients having ≥ 3 positive nodes [3–5]. With the appli-
cation of high-quality mammographic screening, SLN positiv-
ity rates were reported to be below 20% [6], which means that
the majority of patients without ALN metastasis underwent a
wider axillary surgery extent. Preoperative imaging assessment
of SLNwill help to stratify patients with early breast cancer and
provide information for selecting the axillary surgery approach.

Among the various preoperative imaging modalities, ultra-
sound (US) is the primary method to evaluate the axilla in breast
cancer patients. Conventional US demonstrated relevant variabil-
ity in sensitivity (26–87%) and specificity (55–98%) in the eval-
uation of nonpalpable LNs [7]. However, conventional US, com-
puted tomography (CT), andmagnetic resonance imaging (MRI)
fail to localize the SLNs [8]. With the development of lymphatic
contrast-enhanced (CE) US, SLNs can be identified by US con-
trast agents through the lymphatic route with percutaneous injec-
tion [9, 10]. The SLNs identified by CEUS are consistent with
the intraoperative SLNs identified by blue dye localization [11,
12]. The technique of percutaneous CEUS, as a simple and non-
invasive method, expanded a new field for the preoperative as-
sessment of SLNs.

The CEUS patterns of SLNs include homogeneous, inho-
mogeneous, and no enhancement patterns. SLNs with homo-
geneous enhancement tend to be negative LNs, and inhomo-
geneous or no enhancement patterns are highly suggestive of
metastatic LNs [12–14]. However, the enhancement pattern
can occur in both benign and malignant SLNs with a great
overlap [15], and the detailed classification of SLN enhance-
ment patterns and their relationship with the final SLN status

has not yet been well established. If the further classification
of CEUS enhancement patterns can improve the preoperative
diagnostic accuracy for SLNs in clinical T1-2N0 breast can-
cer, it could benefit patients with an alternative to SLNB in a
very low-risk population.

Therefore, the purpose of this study was to investigate the
ability of CEUS enhancement patterns to accurately diagnose
SLN in early breast cancer and compare the diagnostic perfor-
mance with that of conventional US.

Materials and methods

This prospective study was approved by the institutional re-
view board and local ethics committee. All participants signed
informed consent forms.

Study design and population

Consecutive patients with pathologically confirmed clinical
T1-2 breast cancer with negative axillary lymph nodes on pal-
pation were recruited for this study from July 2021 to October
2021. All patients had no US contrast agent contraindication
and no medical history of ipsilateral axillary surgery or radio-
therapy. The exclusion criteria were as follows: (i) neoadjuvant
therapy before US examination and (ii) no axillary surgery
planned. The flow chart of this study is shown in Fig. 1.

Conventional US examination

A high-frequency linear array transducer 12-5 MHz was used
in this study. Conventional US was performed on the breast
and axilla. Ultrasound images of suspected axillary lymph
nodes were stored in all cases. By conventional axillary US,
any axillary lymph node with suspicious signs that met two or
more of the following criteria was considered metastatic: ratio
of the long diameter to the short diameter (L/S) < 2, unclear
margin or an irregular shape, compression or absence of the
fatty hilum, cortical thickness ≥ 3 mm or asymmetry, merged
lymph nodes and rich blood flow signal [16, 17].

An experienced radiologist (Z.Q.L.) performed the axilla
US and made the diagnosis onsite. Those conventional US
images were independently analysed by another radiologist
(N.Z.H.). Both had completed over 5000 breast US examina-
tions. They were blinded to the final pathological results. If
there were differences of opinion, they reached an agreement
through discussion.

Contrast-enhanced ultrasound (CEUS) image
acquisition

The contrast agent (SonoVue, Bracco Imaging or Sonazoid,
GE Healthcare AS) was mixed with 2 mL of sterile saline.
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Approximately 0.5 mL of contrast agent was intradermally
injected into the peri-areolar area at the 3, 6, 9, and 12 o’clock
positions, followed by a 10-s massage on each injection site.
With the mode of contrast pulse sequences (CPS), the low
mechanical index (MI) value was set to 0.06–0.10. By follow-
ing the enhanced lymphatic channel on the CPS, the first en-
hanced lymph node(s) can be located. The live dual images
mode was used to confirm the presence of an architecturally
defined SLN. For every patient, up to 2 mL (4 injections) of
the agent could be injected if the SLN was not seen. The
enhanced lymphatic duct and SLNs on the skin surface were
marked under the guidance of CEUS.

Based on previous experiences, only one SLN could be
identified in most cases, and sometimes the second or even
third node could be enhanced via the efferent lymphatic ves-
sels of the first node. Furthermore, several lymph nodes could
be detected simultaneously through parallel lymphatic vessels
in some cases. If more than one SLN was present, the SLN
with the highest category enhancement pattern or the first
SLN was regarded as the index SLN.

CEUS patterns of SLNs

Referring to previous studies [12–14] and our experiences, the
enhancement patterns of SLNs included four patterns.

Pattern I showed homogeneous enhancement, and the en-
tire lymph node showed bright, homogeneous enhancement
(Fig. 2a).

Pattern II showed inhomogeneous enhancement, including
cribriform (Fig. 2b), half-moon (Fig. 2c), and ring (Fig. 2d)
enhancement. Pattern II was diagnosed only if the SLN iden-
tified by CEUS was not suspicious on conventional ultra-
sound. Cribriform enhancement is a low enhancement with

an even distribution inside the node resembling a sieve mesh.
Ring enhancement is a regular, uniform, bright ring enhance-
ment at the periphery of the node. Half-moon enhancement is
a semilunar, homogeneous enhancement with a centred affer-
ent lymph vessel or enhancement of the cortex with a contrast
agent.

Pattern III showed focal defect enhancement (Fig. 2e). The
enhancement of the lymph nodes was inhomogeneous, with a
focal nonenhancement area beneath the node membrane.

Pattern IV showed no enhancement (Fig. 2f). No contrast
agent entered the node by following the end of the enhanced
afferent lymphatic vessels.

The CEUS enhancement images of SLNs were collected
by an experienced radiologist (Z.Q.L.), and the diagnosis was
made on-site. The patterns of SLNs were independently re-
viewed and analysed by another ultrasound physician
(N.Z.H.) based on re-readings of the cine-loops. They were
blinded to the conventional US outcomes and final patholog-
ical results. If there was a disagreement, they reached a con-
sensus through discussion.

Surgical management of SLNs

During the operation, blue dye and indocyanine green (ICG)
were intradermally injected into the periareolar tissue to iden-
tify SLNs. All blue-stained and ICG-stained lymph nodes
were resected and subjected to standard histological analysis.
SLNs with a metastatic tumour area of 0.2–2 mm were de-
fined as micrometastatic LNs, and those with a metastatic
tumour area of > 2 mm were defined as macrometastatic
LNs [18]. Both micrometastasis and macrometastasis were
defined as metastatic SLNs. The final evaluation of SLN
was negative (SLN−), 1–2 metastases (SLN+ (1–2)), and

Fig. 1 Flowchart of this study.
CEUS, contrast-enhanced US;
US, ultrasound; SLN, sentinel
lymph node
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Fig. 2 The four types of CEUS
enhancement patterns of SLNs.
With the live-dual mode, the
enhancement pattern (left) and the
greyscale (right) images are
shown in figures. A Pattern I,
homogeneous enhancement. The
entire lymph node showed bright,
homogeneous enhancement. B
Pattern II, cribriform
enhancement. The SLN had a low
enhancement with an even
distribution inside the node
resembling a sieve mesh. C
Pattern II, half-moon
enhancement, a semilunar,
homogeneous enhancement with
a centred afferent lymph vessel or
enhancement of the cortex with a
contrast agent. D Pattern II, ring
enhancement, a regular, uniform,
bright ring enhancement at the
periphery of the node. E Pattern
III, focal defect enhancement. The
uneven distribution of the contrast
agent with filling defect areas (*)
of the SLN is seen correlating to
the focal eccentric cortical
thickening (arrow) on grayscale
US. F Pattern IV, no
enhancement. The SLN showed
no enhancement in the whole
region (*) and focal eccentric
cortical thickening (arrow) on
grayscale US. US, ultrasound;
CEUS, contrast-enhanced
lymphatic US; SLN, sentinel
lymph node
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≥ 3 metastatic SLNs (SLN+ (≥ 3)). For each axilla, the en-
hancement pattern of the designated SLN corresponds to the
SLN pathological status.

Statistical analysis

Continuous variables are expressed as the mean ± standard
deviation (SD) or the median (interquartile range), and cate-
gorical variables are expressed as numbers and percentages
(%). The interreader agreement for the CEUS patterns was
evaluated by Cohen’s kappa coefficient. For the comparison
of conventional US and CEUS, the DeLong test was used to
compare the AUCs of different models [19]. The diagnostic
value of conventional US and CEUS was evaluated by calcu-
lating the sensitivity, specificity, accuracy, positive predictive
value (PPV), and negative predictive value (NPV). Receiver
operating characteristic (ROC) curves and the corresponding
area under the curve (AUC) values were used to assess the
discriminative ability of the diagnostic models. Decision
curve analysis (DCA) was conducted to determine the clinical
usefulness of different US methods by quantifying the net
benefits at different threshold probabilities [20]. The integrat-
ed discrimination improvement (IDI) and net reclassification
index (NRI) were calculated to reveal the predictive accuracy
improvement of CEUS. The greater the curve deviated from
the baseline, the greater the benefit was. All of the statistical
analyses were performed using R (http://www.R-project. org),
Empower Stats software (X&Y Solutions), and MedCalc
(version 17.9.7).

Results

Baseline characteristics

Between July 2021 and October 2021, 102 consecutive wom-
en with clinical T1-2 breast cancer and negative axillary on
palpation were considered for inclusion in the study.

Twenty-four women were excluded: 2 women with neoad-
juvant therapy before CEUS and 22 without an axillary sur-
gery plan. Finally, a total of 78 patients underwent CEUS and
were included for analysis. The median size of breast cancer
tumours was 1.8 cm, including 59 (75.6%) invasive ductal
carcinomas, 10 (12.8%) invasive lobular carcinomas, and 9
(11.5%) other types of invasive carcinomas. The rate of SLN
identification by CEUS was 100% (78/78). Negative SLNs,
1–2 metastatic SLNs, and ≥ 3 metastatic SLNs were observed
in 55 (70.5%), 18 (23.1%), and 5 (6.4%) patients, respective-
ly. The clinical baseline characteristics of the enrolled patients
are shown in Table 1.

Table 1 Clinical characteristics of all enrolled 78 patients

Characteristic Patients (n = 78)

Age (years)* 52.3 ± 12.0

Family history

No 68 (87.2%)

Yes 10 (12.8%)

Tumour diameter in US† 1.8 (1.3–2.7)

Conventional US

Negative 62 (79.5%)

Abnormal 16 (20.5%)

Clinical T stage

T1 42 (53.8%)

T2 36 (46.2%)

Mean number of SLNs by CEUS† 1 (1–1)

Mean number of SLNs by blue dye/ICG† 4 (2–6)

Axillary Surgical management

SLNB 65 (83.3%)

ALND 13 (16.7%)

Breast surgical management

Breast-conserving surgery 49 (62.8%)

Mastectomy 29 (37.2%)

Histology of breast lesion

Invasive ductal cancer 59 (75.6%)

Invasive lobular cancer 10 (12.8%)

Other 9 (11.5%)

Histologic grade

Low 15 (19.7%)

Intermediate 48 (61.5%)

High 13 (16.7%)

NA 2 (2.6%)

SLN biopsy results

No metastasis 55 (70.5%)

Micrometastasis 5 (6.4%)

Macrometastasis 18 (23.1%)

SLN status

SLN− 55 (70.5%)

SLN+ (1–2) 18 (23.1%)

SLN+ (≥ 3) 5 (6.4%)

Cytology

Luminal A 19 (24.4%)

Luminal B 45 (57.7%)

Her 2 positive breast cancer 10 (12.8%)

Triple negative breast cancer 4 (5.1%)

Lymphovascular invasion

No 69 (88.5%)

Yes 9 (11.5%)

Continuous data are expressed as mean ± SD* or median (interquartile
range)†. Categorical data are presented as n (%). US, ultrasound; CEUS,
contrast-enhanced lymphatic US; SLN, sentinel lymph node; SLNB, sen-
tinel lymph node biopsy; ALND, axillary lymph node dissection; ICG,
indocyanine green; NA, not applicable
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Enhancement patterns of SLNs

There were 19, 29, 23, and 7 SLNs showing enhancement
patterns I, II, III, and IV, respectively. All of the SLNs
with homogeneous pattern I were disease-free axillary
SLNs. Pattern II, featured inhomogeneous enhancement,
had 11, 10, and 8 SLNs in cribriform, ring, and half-moon
enhancement, respectively. A total of 13.8% (4/29) of
false-negative cases of SLNs were found in pattern II,
including 2 cases of cribriform enhancement and 2 cases
of ring enhancement patterns. All of the SLNs with half-
moon enhancement were negative cases and appear to be
a pattern predicting disease-free cases. SLNs with focal
defects (pattern III) and no enhancement (pattern IV)
had higher percentages of metastasis (65.2%, p < 0.001
and 57.1%, p < 0.002, respectively). Regarding the diag-
nosis of SLN metastatic burden, pattern II had a low SLN
metastatic burden (≤ 2 metastatic lymph nodes). A total of
17.4% of pattern III patients and 14.3% of pattern IV
patients harboured a high tumour burden (≥ 3 metastatic
lymph nodes).

In this study, micrometastasis involving only one lymph
node was found in 5 cases. Among them, 3 cases presented
as pattern II, including 1 cribriform and 2 half-moon enhance-
ment patterns. And the other 2 cases had inhomogeneous en-
hancement (pattern III). The characteristics of the enhance-
ment patterns and the SLN status are shown in Table 2.

Correlation between SLN morphological
characteristics and CEUS characteristics

Both homogeneous enhancement (pattern I) and featured
inhomogeneous enhancement (pattern II) showed normal
morphologic lymph nodes with thin cortical thickness and
regular lymphatic hilum structure on conventional

ultrasound (Fig. 1a-d). In contrast, there were 34.8%
(8/23) of SLNs with high suspicion of malignancy in pat-
tern III and 85.7% (6/7) in pattern IV. The SLNs present-
ed at least one of the following suspicious features: an
unclear margin or an irregular shape, compression or even
the absence of the fatty hilum, cortical thickness ≥ 3 mm
or asymmetry, and merged lymph nodes (Fig. 1f).

Comparison of the diagnostic value of conventional
US and CEUS

The diagnostic values of different US characteristics are pre-
sented in Table 3. The CEUS patterns I and II were defined as
negative; otherwise, they were considered positive. The accu-
racies of conventional US and CEUS were 70.5% and 80.8%,
respectively. The NPV (91.7% vs. 75.8%) and sensitivity
(82.6% vs. 34.8%) were largely increased by CEUS. For the
diagnosis of positive or negative SLNs, the DeLong test for
the area under the ROC curve demonstrated significant differ-
ences between CEUS (0.813[0.718,0.909]) and conventional
US (0.601[0.491, 0.711]) (p < 0.001) (Fig. 3a).

The clinical application value of the two US methods was
analysed via DCA (Fig. 3b). Comparedwith conventional US,
CEUS had a higher overall net benefit at any given threshold
probability. The NRI and IDI were measured to quantify the
prediction accuracy of the different US methods (Table 4).
The NRI+ indicated that CEUS could correctly reclassify
48% of metastatic SLN cases (p < 0.001). For negative
SLN cases, CEUS and conventional US showed no significant
difference in the classification accuracy of patients (NRI−:
−0.05, p = 0.25). However, SLNs may be identified and
localized using CEUS, which plays a more precise preopera-
tive staging role than conventional US. IDI indicated that
CEUS could improve prediction accuracy by 0.42 (p <
0.001) compared to conventional US.

Table 2 Enhancement patterns and pathological results of SLNs.

Enhancement pattern Total (n = 78) SLN metastatic status SLN tumour burden

SLN−
(n = 55)

SLN+
(n = 23)

vs pattern I
p value

SLN+ (0–2)
(n = 73)

SLN+ ( ≥ 3)
(n = 5)

vs pattern I
p value

I Homogeneous enhancement 19 19 (100%) 0 (0.0%) - 19 (100%) 0 (0.0%) -

II Featured inhomogeneous enhancement 29 25 (86.2%) 4 (13.8%) 0.142 29 (100%) 0 (0.0%) -

Cribriform enhancement 11 9 (81.8%) 2 (18.2%) 11 (100%) 0 (0.0%)

Ring enhancement 10 8 (80.0%) 2 (20.0%) 10 (100%) 0 (0.0%)

Half-moon enhancement 8 8 (100.0%) 0 (0.0%) 8 (100%) 0 (0.0%)

III Focal defect enhancement 23 8 (34.8%) 15 (65.2%) < 0.001* 19 (82.6%) 4 (17.4%) 0.114

IV No enhancement 7 3 (42.9%) 4 (57.1%) 0.002* 6 (85.7%) 1 (14.3%) 0.269

Data are numbers of patients and percentage in parentheses. SLN, sentinel lymph node

*p value < 0.05
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Interobserver agreement of CEUS patterns

For CEUS patterns, two readers had the same classification in
63/78 (80.8%) SLNs, including homogeneous (16/19), fea-
tured heterogeneous (25/29), focal defect (18/23), and no en-
hancement (4/7) patterns. In the remaining 15 SLNs, the pat-
terns were discussed, and an agreement was reached by the
two doctors. Cohen’s kappa was 0.73, indicating good
interreader agreement. For the conventional US, the two
readers had the same classification in 61 negative and 13 pos-
itive cases. In the remaining 4 SLNs, the patterns were dis-
cussed, and an agreement was reached by the two doctors. The
kappa value was 0.84, indicating excellent interreader
agreement.

Discussion

The technique of percutaneous CEUS can identify SLNs and
expand a new field for the preoperative assessment of SLNs.
In this study, CEUS was applied to cT1-2N0 breast cancer
patients, and the inhomogeneous enhancement pattern was
further divided into featured inhomogeneous and focal defect

enhancement. SLNs with homogeneous (pattern I) and featur-
ing inhomogeneous enhancement (pattern II) are highly sug-
gestive of negative SLNs, which can safely select 91.7% (44/
48) women with disease-free axilla. The CEUS enhancement
patterns (AUC: 0.813) showed significant improvement in
diagnosing metastatic SLNs compared with conventional US
(AUC: 0.601) and showed higher clinical usefulness at any
given threshold probability. CEUS is a promising preopera-
tive imaging method to stratify early-stage breast cancer pa-
tients. It might have the potential to select candidates who can
be exempted from SLNB, which is beneficial for reducing
surgical costs and complications.

For the evaluation of SLNs, many studies have confirmed
that intradermal CEUS is as good as the accepted techniques
for SLN detection [9, 10]. Then, further CEUS-guided SLN
core biopsy showed a higher sensitivity for depicting metas-
tases within the SLN. However, SLNB is still recommended
since metastatic foci found by CEUS biopsy finally proved to
be a low tumour burden [21–23].Whether preoperative CEUS
enhancement patterns could be feasible for lymph node status
evaluation has attracted attention recently. Based on the initial
three enhancement patterns, CEUS showed higher sensitivity
(82–100%) but lower specificity (49–95%) [14]. Previous

Table 3 The diagnostic value of US characteristics for SLN− and SLN+

Imaging method Threshold Sensitivity (%) Specificity (%) Accuracy (%) PPV (%) NPV (%) AUC

Conventional US LN− vs LN+ 34.8 (8/23)
[16.4, 57.3]

85.5 (47/55)
[73.3, 93.5]

70.5 (55/78)
[59.1, 80.3]

50.0 (8/16)
[24.7, 75.4]

75.8 (47/62)
[63.3, 85.8]

0.601
[0.491,0.711]

CEUS I–II vs III–IV 82.6 (19/23)
[61.2, 95.1]

80.0 (44/55)
[67.0, 89.6]

80.8 (63/78)
[70.3, 88.8]

63.3 (19/30)
[43.9,80.1]

91.7 (44/48)
[80.0,97.7]

0.813
[0.718,0.909]

Data are are numbers of patients in parentheses and 95% confidence intervals in brackets.

The conventional US: any axillary lymph nodewith suspicious signs that met two ormore criteria was consideredmetastatic (ratio of the long diameter to
the short diameter < 2, unclear margin or an irregular shape, compression or absence of the fatty hilum, cortical thickness ≥ 3 mm or asymmetry, merged
lymph nodes and rich blood flow signal). The SLN enhancement pattern on CE US: Pattern I, homogeneous enhancement. Pattern II, cribriform/half-
moon/ring enhancement. Pattern III, focal defect enhancement. Pattern IV, no enhancement. US, ultrasound; CEUS, contrast-enhanced lymphatic US;
SLN, sentinel lymph node; PPV, positive predictive value; NPV, negative predictive value; ROC, receiver operating curves; AUC, area under the ROC

Fig. 3 The CEUS and
conventional US for diagnosis of
metastatic SLNs. a The receiver
operating characteristic (ROC)
curves of conventional US (blue
line) and CEUS enhancement
pattern (red line). b Decision
curves of conventional US (blue
line) and CEUS enhancement
pattern (red line) for metastatic
SLNs. US, ultrasound; CEUS,
contrast-enhanced lymphatic US;
SLN, sentinel lymph node; ROC,
the receiver operating
characteristic
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studies have shown that cortical filling or complete annular
was a characteristic pattern for noninvolved lymph nodes, thus
helping to improve specificity [24, 25]. This study further
defined new featured patterns and explored their correlation
with the final pathology. Pattern II is highly suggestive of a
negative SLN, which might further preoperatively identify
patients omitting SLNB. In this study, all patients harbouring
≥ 3metastatic lymph nodes were classified as pattern III or IV,
which implies that they might benefit from the neoadjuvant
downgrading therapy or direct ALND. Further studies are
warranted to verify the value of CEUS for selecting candidates
for direct ALND.

The nonenhanced area in positive SLNs was thought to be
associated with the accumulation of metastatic tumour cells
obstructing or destroying small lymphatic vessels, from the
lymphatic sinuses surrounding the lymphatic input vessels to
medullary sinuses, and the entire LN structure [26, 27]. The
contrast agent simulated the route of lymphatic drainage, and
the degree of SLN filling defects increased as the number of
invading tumour cells increased. Therefore, as the enhance-
ment pattern grade increased, the percentage of SLNs with
suspicious signs of malignancywas higher. However, the con-
trast agent in lymph flow is also influenced by various me-
chanical forces and solid stresses, which cause heterogeneous
enhancement in negative SLNs [27, 28]. It is worth noting that
the featured inhomogeneous pattern II shows uniform distri-
bution of enhanced areas adjacent to afferent lymphatic ves-
sels, and the relatively nonenhanced area is located in the
medullary sinuses or around the efferent channels. Vigilance
should be exercised for SLNs with a focal nonenhancement
area beneath the node membrane to prevent false-negative
cases. In summary, the enhancement distribution inside the
node and the relative position of the input lymphatic vessels
should be the CEUS assessment priorities.

The clinical significance of micrometastasis and
macrometastasis of the SLN is still somewhat controversial
[29–32]. Although several studies confirmed that the prognostic
impact of micrometastases was similar to that of macrometastasis
and significantly worse than disease-free axilla [33], ALND is
not recommended for patients with only micrometastases of
SLNs depicted according to the NCCN guidelines [18]. In this

study, 4/29 patients with featured inhomogeneous enhancement
pattern II showed metastatic SLNs, including 2 patients with
micrometastasis and 2 patients with macrometastasis in 1 or 2
SLNs, which implies that all patients with pattern II are eligible
for omittingALNDaccording to theNCCNguidelines. Pattern II
can be used to safely screen patients with early breast cancer who
can omit ALND before surgery and help optimize management.

The study was performed during the COVID-19 pandemic
year 2021. Axillary lymphadenopathy was frequently observed
after the introduction of COVID-19 vaccination, which is a
confounding factor in the evaluation of the ipsilateral axilla in
breast cancer patients [34]. Current evidence demonstrated that
the US morphologic characteristics of lymphadenopathy post-
COVID-19 vaccination usually tend to be diffuse cortical thick-
ening, which is different from suspicious metastatic LN, such
as focal cortical thickening and hilum effacement [35, 36].
Using the subcapsular injection of the ultrasonic contrast agent,
Liu et al reported that reactive hyperplasia exhibited diffuse
homogeneous or a brush-like enhancement from the subcapsu-
lar sinus to the centre without lymphatic tract distortion, while
metastatic LN had lymphatic tract interruptions and contrast
agent local accumulation [37]. This difference may be due to
the lymphocytes’ proliferation uniformly without destroying
the reticuloendothelial structure in reactive LN compared to
the space-occupying effect of metastatic tumour cells. It im-
plied that the percutaneous CEUS perfusion pattern might pro-
vide more information on the evaluation of axillary lymph
nodes in the setting of the COVID-19 vaccine.

There are some limitations to this study. The main limitation
of the study is the low number of included cases. Second, only
the SLN with the highest enhancement pattern or first enhanced
SLN was analysed in this study, since it has a one-to-one rela-
tionship with the axillary pathological outcome. Approximately
1–3 SLNs were identified in some cases. Further analysis for all
enhanced SLNs is useful for the diagnosis of axillary tumours.

Conclusion

This study further classified the enhancement patterns of
SLNs and found that homogeneous and featured

Table 4 Evaluating the performance of the US methods

Imaging method AUC NRI IDI

AUC [95%CI] p NRI+ p NRI− p IDI p

Conventional US 0.601 [0.491, 0.711] – – – – – –

CEUS 0.813 [0.718, 0.909] < 0.001* 0.48 < 0.001* −0.05 0.25 0.42 < 0.001*

CEUS, contrast-enhanced lymphatic US; AUC, area under the curve; CI, confidence interval; NRI+, movement in predicted risks introduced by changes
of models in cases with metastatic SLNs; NRI−, movement in predicted risks introduced by changes of models in cases with negative SLNs; IDI,
integrated discrimination improvement

*p value < 0.05
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inhomogeneous enhancement patterns are highly suggestive
of negative SLNs. Compared with conventional US, CEUS
showed higher diagnostic efficiency and greater clinical use-
fulness for disease-free axillary cancer. CEUS, as a more ac-
curate method, is currently the best preoperative method for
screening candidates with early breast cancer to omit SLNB.
More cases are needed to validate the conclusion of this study.
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