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Abstract: Objective To analyze the diagnostic value of ultrasound (US) combined with contrast-enhanced ultrasound (CEUS) in
axillary lymph node metastasis of breast cancer, and to identify the related independent risk factors. Methods A retrospective
selection was made of 102 breast cancer patients admitted to Inner Mongolia Hospital Beijing Hospital of Traditional Chinese
Medicine from January 2022 to December 2024. All patients completed US, CEUS, magnetic resonance imaging (MRI) , and
mammography examinations in sequence within one week before surgery, with non - simultaneous one -time operations, and
the examinations were conducted at different time periods in accordance with clinical diagnosis and treatment norms. Patients
were diagnosed by histopathological examination. The postoperative lymph node pathological results were used as the gold
standard, and Kappa value was used to evaluate the diagnostic consistency of each examination. Receiver operating
characteristic (ROC) curve was used to evaluate itsdiagnostic value, and multivariate logistic regression was used to screen
independent risk factors (stepwise regression method was used to control the number of variables). Results Among 102
patients, 37 cases (36.27%) were pathologically diagnosed with lymph node metastasis. The Kappa value of US combined with
CEUS was 0.936, the accuracy was 0.971, the specificity was 0.985, and the sensitivity was 0.946. ROC curve showed that the
area under the curve (AUC) of combined examination was 0.965(95%C# 0.919-1.000) , which was significantly higher than that
of single US(AUC=0.811, 95%C/: 0.715-0.907), CEUS(AUC=0.882, 95%CF 0.802-0.963) , MRI (AUC=0.853, 95%C*# 0.766- 0.941) ,
and mammography (AUC=0.803, 95% C/ 0.707- 0.900) (P<0.05). Multivariate logistic regression analysis showed that in US and
CEUS imaging, tumor diameter =2 cm, maximum cortical thickness of lymph nodes =3 mm, and irregular enhancement
pattern were independent risk factors for axillary lymph node metastasis of breast cancer (£<0.05) . Conclusion The combined
examination of US and CEUS has high application value in the diagnosis of axillary lymph node metastasis of breast cancer, and
the diagnostic efficacy is better than single US, CEUS, traditional MRI and mammography, which can provide reliable basis for
clinical diagnosis and treatment.
Keywords: Ultrasound; Contrast-enhanced ultrasound; Breast cancer; Axillary lymph node metastasis; Pathology; Tumor
diameter; Cortical thickness of lymph mode
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Lymph node metastasis is one of the common
metastatic pathways of breast cancer and a key factor
affecting prognosis. Once cancer cells spread to axillary
lymph nodes through lymphatic vessels, the difficulty of
clinical treatment increases significantly[ 1-2]. Studies have
shown that the 5-year survival rate of breast cancer patients
with axillary lymph node metastasis is significantly lower
than that of patients without metastasis, and the number
and location of metastatic lymph nodes are closely related
to patients' recurrence risk and survival time[3]. At present,
ultrasound is one of the methods for breast cancer
screening and diagnosis, which can clearly show the
morphology and structure of breast and axillary lymph
nodes, and can observe the aspect ratio, blood flow signal
and other characteristics of lymph nodes[4-5]. However, its
diagnostic accuracy for tiny or atypical metastatic lymph
nodes is limited. Contrast-enhanced ultrasound can clearly
display the internal structure and blood flow distribution of
lymph nodes, and has high sensitivity and specificity for
the diagnosis of lymph node metastasis[6], but it is

subjective and has high technical requirements. This study
combines ultrasound and contrast-enhanced ultrasound to
give full play to their advantages, improve the diagnostic
accuracy of breast cancer axillary lymph node metastasis,
and clarify relevant risk factors, so as to provide a better
clinical diagnosis scheme.

1 Materials and Methods
1.1 General Information

A total of 102 breast cancer patients admitted to Inner
Mongolia Hospital of Beijing Hospital of Traditional
Chinese Medicine from January 2022 to December 2024
were retrospectively selected, aged 30-81 (56.27+10.61)
years. Pathological types: 82 cases of invasive ductal
carcinoma, 12 cases of invasive lobular carcinoma, 5 cases
of mucinous adenocarcinoma, and 3 cases of other types.
All patients signed informed consent, and this study was
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approved by the Medical Ethics Committee of Inner
Mongolia Hospital of Beijing Hospital of Traditional
Chinese Medicine (Ethics Approval No.: BIZ20211207).

1.2 Inclusion and Exclusion Criteria

(1) Inclusion criteria: (D All patients met the
diagnostic criteria for breast cancer[7] and were confirmed
by histopathological examination; @) Age > 18 years old;
(3 All were female; @ First onset of unilateral disease; ®
No anti-tumor treatment was received before surgery, and
complete preoperative imaging evaluation could be
completed. (2) Exclusion criteria: (D Complicated with
other malignant tumors; ) Allergic to ultrasound contrast
agents; (3 Severe dysfunction of important organs such as
heart, liver and kidney; @ History of mental illness or
cognitive impairment; 6 Have received neoadjuvant
chemotherapy, radiotherapy or endocrine therapy, etc.

1.3 Instruments and Equipment

LOGIQ Fortis ultrasonic diagnostic instrument (GE
Healthcare Medical Systems (China) Co., Ltd.), EPIQ7
color ultrasonic diagnostic system (Philips Ultrasound Co.,
Ltd.), 3.0T magnetic resonance imaging system (Siemens
Healthineers), and digital mammography system (Hologic
Medical Technology Co., Ltd.) were used in this study.

1.4 Methods

All imaging data were independently analyzed by two
experienced physicians, and a consensus was reached
through negotiation when opinions were inconsistent. All
imaging examinations were completed on separate days
within 1 week before surgery in the order of ultrasound —
contrast-enhanced ultrasound — mammography —
magnetic resonance imaging (MRI), so as to avoid patient
discomfort and image interference caused by excessive
single examinations.

1.4.1 Ultrasound

The ultrasonic diagnostic instrument equipped with a
high-frequency linear array probe with a frequency of 4-13
MHz was used. During ultrasound examination, patients
were required to fully expose their chest and take the
supine position, supplemented by the lateral position if
necessary. Two-dimensional ultrasound was used to
conduct comprehensive and meticulous multi-section
scanning of bilateral breasts and axillae. The hierarchical
structure of the breast, as well as the location, size, shape,
boundary, internal echo and posterior echo of the mass
were carefully observed. The color Doppler ultrasound
function was activated to detect the blood flow of breast
masses and axillary lymph nodes. The distribution of blood
flow signals inside and around the mass was observed, and
the richness of blood flow, vascular course and blood flow
spectrum characteristics were recorded. Typical cases are
shown in Figure 1.

1.4.2 Contrast-Enhanced Ultrasound

The examination was performed on the basis of
conventional ultrasound. 5 mL of ultrasound contrast agent
(Sulfur Hexafluoride Microspheres for Injection, trade
name: SonoVue, manufacturer: Bracco Suisse SA, batch
number: F241008Z, diluted and shaken with 5 mL of
normal saline) was rapidly injected as a bolus via the elbow
vein, followed immediately by a rapid flush with 10 mL of
normal saline. At the same time of contrast agent injection,
the contrast imaging mode of the ultrasonic diagnostic
instrument was activated to dynamically observe the
contrast agent perfusion of breast masses and axillary
lymph nodes in real time. The observation lasted for 3
minutes, and the onset time of contrast agent enhancement,
enhancement mode, enhancement intensity, time to peak,
clearance rate and other parameters were recorded in detail.
Typical cases are shown in Figure 2.

1.4.3 Mammography

Patients took the standing position, and craniocaudal
view and mediolateral oblique view of bilateral breasts
were taken, and lateral view was added if necessary.
Photography parameters: tube voltage 26-32 kV, tube
current 60-80 mA, exposure time 0.15-0.35 s, automatic
exposure control mode, which met the quality control
standards for mammography.

1.4.4 MRI

Patients took the prone position with a dedicated
breast coil, and axial T1-weighted imaging (T1WI),
T2-weighted imaging (T2WI) and dynamic
contrast-enhanced scanning were performed. Scanning
parameters: repetition time 500 ms and echo time 10 ms
for TIWI; repetition time 3 000 ms and echo time 80 ms
for T2WI. Gadopentetate dimeglumine was used as the
contrast agent for dynamic contrast-enhanced scanning at a
dose of 0.1 mmol/kg, which was injected as a bolus via the
elbow vein followed by immediate scanning for 5
consecutive phases, with each phase lasting 30 s.

1.5 Diagnostic Criteria for Lymph Node Metastasis

The results of postoperative pathological examination
of lymph nodes were taken as the gold standard. The
diagnostic criteria for ultrasound and contrast-enhanced
ultrasound were as follows: (1) lymph node enlargement,
with an aspect ratio < 2, even close to 1; (2) blurred
boundary and uneven internal echo; (3) cortical
thickening > 3 mm; (4) destruction, displacement or
disappearance of the lymph hilum; (5) abundant and
irregularly distributed blood flow signals, manifested as
peripheral blood flow or mixed blood flow; (6)
microcalcification in lymph nodes[8]. Patients were
divided into the metastatic group and the non-metastatic
group according to the presence of lymph node metastasis.

1.6 Statistical Methods

SPSS 26.0 software was used for data analysis.
Measurement data conforming to normal distribution were
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expressed as x =5, and t-test was used. Count data were
expressed as cases (%), and the y? test or corrected y° test
was used. The Kappa value was used to evaluate the
consistency of different examinations in the diagnosis of
axillary lymph node metastasis of breast cancer. The
receiver operating characteristic (ROC) curve was used to
evaluate the value of combined examination in the
diagnosis of axillary lymph node metastasis of breast
cancer. The stepwise method (entry significance level
ain=0.05, removal significance level ao=0.10) was used
for multivariate logistic regression, and the number of
independent variables was controlled (3 variables were
finally included). The sample size was estimated based on
the metastasis rate (30%) in previous studies, with a=0.05
and $=0.20, and the calculated minimum sample size was
92 cases, which was satisfied by the 102 cases included in
this study. A P value < 0.05 was considered statistically
significant.

Note: A, After left breast resection, heterogeneous hypoechoic lesions were
observed along the incision course, with clear boundaries and irregular
morphology. Color Doppler Flow Imaging (CDFI) showed a small amount of
local blood flow signals. Multiple similar hypoechoic lesions were seen deep to
the medial incision, with the largest one measuring 0.78 cm % 0.90 cm, which
had unclear boundaries, irregular morphology and infiltrative features. B, The
glandular lobe structure of the right breast was clear, the parenchymal echo was
uniform, and no specific space-occupying lesion was found. No obvious
abnormal enlarged lymph nodes were observed in bilateral axillae. Multiple
solid masses at the left breast incision scar and deep to the scar.
Fig.1 Ultrasound examination images of typical cases

Note: The glandular lobe structure of the breast is clear. A 1.58 cm x 1.43 cm
hypoechoic lesion is observed adjacent to the nipple at the 5 o'clock position of
the left breast, with irregular morphology, unclear boundary and heterogeneous
echo. Color Doppler Flow Imaging shows a small amount of blood flow signals
in the periphery and inside of the lesion. Solid nodule in the left breast,
BI-RADS category 4b.

Fig.2 Contrast-enhanced ultrasound images of typical cases

2 Results
2.1 Diagnostic Consistency and Diagnostic Efficacy

Among the 102 patients, 37 (36.27%) had lymph node
metastasis. Taking pathological results as the gold standard,
the Kappa value of ultrasound was 0.633, with an accuracy
of 0.833, a specificity of 0.892, a sensitivity of 0.730, a
positive predictive value of 0.794, and a negative
predictive value of 0.853. The Kappa value of
contrast-enhanced ultrasound was 0.783, with an accuracy
of 0.902, a specificity of 0.954, a sensitivity of 0.811, a
positive predictive value of 0.909, and a negative
predictive value of 0.899. The Kappa value of MRI was
0.719, with an accuracy of 0.872, a specificity of 0.923, a
sensitivity of 0.784, a positive predictive value of 0.853,
and a negative predictive value of 0.882. The Kappa value
of mammography was 0.614, with an accuracy of 0.824, a
specificity of 0.877, a sensitivity of 0.730, a positive
predictive value of 0.771, and a negative predictive value
of 0.851. The Kappa value of the combined examination of
ultrasound and contrast-enhanced ultrasound was 0.936,
with an accuracy of 0.971, a specificity of 0.985, a
sensitivity of 0.946, a positive predictive value of 0.972,
and a negative predictive value of 0.970. It can be seen that
the combined examination has better diagnostic
consistency and higher diagnostic efficacy, as shown in
Table 1.

Tab.1 Consistency in lymph node metastasis diagnosis

(n=102, case)

Pathological result

Item Positive ~ Negative  Total
(n=37) (n=65)
Positive 27 7 34
Ultrasound
Negative 10 58 68
Contrast-enhanced Positive 30 3 33
ultrasound Negative 7 62 69
- Positive 29 5 34
Negative 8 60 68
M b Positive 27 8 35
ammogra
grapy Negative 10 57 67
Combined ultrasound and Positive 35 1 36
contrast-enhanced . 2 64 66
Negative
ultrasound
Total 37 65 102

2.2 Diagnostic Value of Different Examinations

The ROC curve showed that the area under the curve
(AUC) of the combined examination was significantly
higher than that of single ultrasound, contrast-enhanced
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ultrasound, MRI, and mammography (P < 0.05), as shown
in Figure 3 and Table 2.
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Fig.3 ROC curves of different examinations for the diagnosis of
axillary lymph node metastasis in breast cancer

Tab.2 Diagnostic value of different examinations for axillary
lymph node metastasis in breast cancer

Item AUC SE P value 95%CI
Ultrasound 0.811  0.049 <0.001 0.715-0.907
Contrast-enhanced 0.882  0.041 <0.001 0.802-0.963
ultrasound

MRI 0.853  0.044 <0.001 0.766-0.941
Mammography 0.803  0.049 <0.001 0.707-0.900
Combined ultrasound and 0.965  0.023 <0.001 0.919-1.000

contrast-enhanced

2.3 Comparison of Clinical Data Between the
Metastatic Group and the Non-Metastatic Group

There were no statistically significant differences in
age, body mass index (BMI), menopause status,
hypertension, diabetes, pathological type, tumor location
and other data between the metastatic group and the
non-metastatic group (P > 0.05), while the difference in
TNM staging was statistically significant (P < 0.05), as
shown in Table 3.

2.4 Comparison of Imaging Features Between the
Metastatic Group and the Non-Metastatic Group

There were no statistically significant differences in
vascular invasion, uneven internal echo, posterior echo
attenuation, irregular shape, calcification, spiculated
margin, aspect ratio, blood flow grade, maximum
longitudinal diameter of lymph nodes, enhancement degree,
structural distortion, clear boundary after enhancement,
enlarged range after enhancement, perfusion defect after
enhancement, and radial convergence at the margin after
enhancement between the metastatic group and the
non-metastatic group (P > 0.05). There were statistically
significant differences in tumor diameter, maximum
cortical thickness of lymph nodes, and irregular
enhancement mode between the two groups (P < 0.05), as

ultrasound .
shown in Table 4.
Tab.3 Comparison of clinical data between metastatic group and non-metastatic group [case(%)]
Ttem Metastatic group (n=37) Non-me(t:itsast l)c group t/’ value P value
Age (years, x7£s) 55.59+10.81 56.66+10.55 0.488 0.626
BMI (kg/m?, x™+s) 22.16+1.42 22.51+1.53 1.140 0.257
Menopause [cases (%)] 14 (37.84) 35 (53.85) 2.421 0.120
Hypertension [cases (%)] 13 (35.14) 24 (36.92) 0.033 0.857
Diabetes mellitus [cases (%)] 10 (27.03) 15 (23.08) 0.199 0.656
TNM stage [cases (%)] 32.464 <0.001
Stage I-11 15 (40.54) 60 (92.31)
Stage III-IV 22 (59.46) 5 (7.69)
Pathological type [cases (%)] 0.090 0.993
Invasive ductal carcinoma 30 (81.08) 52 (80.00)
Invasive lobular carcinoma 4 (10.81) 8 (12.31)
Mucinous adenocarcinoma 2 (54D 3 (4.62)
Other types 1 (2.70) 2 (3.07)
Tumor side [cases (%)] 0.395 0.530
Left side 16 (43.24) 24 (36.92)
Right side 21 (56.76) 41 (63.08)
Tab.4 Comparison of imaging features between the metastatic group and the non-metastatic group [case (%)]
Item Metastatic group (n=37) Non-metastatic group (n=65) x° value P value

Vascular invasion 22 (59.46) 36 (55.38) 0.160 0.690
Heterogeneous internal echo 25 (67.57) 32 (49.23) 3.216 0.073
Posterior echo attenuation 11 (29.73) 16 (24.62) 0.317 0.573
Irregular shape 26 (70.27) 42 (64.62) 0.339 0.560
Calcification 15 (40.54) 22 (33.85) 0.457 0.499
Spiculated margin 17 (45.95) 40 (61.54) 2.325 0.127
Tumor diameter 30.404 <0.001

<2 cm 9 (24.32) 52 (80.00)

>2 cm 28 (75.68) 13 (20.00)
Aspect ratio 1.308 0.253

<1 15 (40.54) 34 (52.31)
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> 22 (59.46) 31 (47.69)
Blood flow grade 3.435 0.064

Grade I-1I 14 (37.84) 37 (56.92)

Grade I1I 23 (62.16) 28 (43.08)
Maximum longitudinal diameter of lymph 2968 0.085
node

<1 cm 26 (70.27) 55 (84.62)

>1 cm 11 (29.73) 10 (15.38)
Maximum cortical thickness of lymph node 29.397 <0.001

<3 mm 8 (21.62) 50 (76.92)

>3 mm 29 (78.38) 15 (23.08)
Enhancement degree 0.012 0.912

Hypoenhancement/Isoenhancement 6 (16.22) 10 (15.38)

Hyperenhancement 31 (83.78) 55 (84.62)
Structural distortion 7 (18.92) 4 (6.15) 2.777 0.096
Irregular enhancement pattern 30 (81.08) 26 (40.00) 16.071 <0.001
Clear boundary after enhancement 9 (24.32) 19 (29.32) 0.285 0.593
Enlarged range after enhancement 30 (81.08) 42 (64.62) 3.079 0.079
Perfusion defect after enhancement 12 (32.43) 17 (26.15) 0.457 0.499
Radial convergence at margin after 11 (29.73) 15 (23.08) 0.549 0.459
enhancement

Tab.5 Multivariate logistic regression analysis of axillary lymph node metastasis in breast cancer

Index p SE Wald »? OR value 95% CI P value
Tumor diameter >2 cm 1.286 0.626 4.222 3.619 1.061-12.343 0.040
Maximum cortical thiclnegliy 1.277 0.629 4120 3.587 1.045-12.314 0.042
lymph node >3 mm
Irregular enhancement pattern 1.217 0.609 3.993 3.377 1.024-11.139 0.046

3 Discussion

This study focused on the diagnostic value of
combined ultrasound and contrast-enhanced ultrasound
for axillary lymph node metastasis in breast cancer, and
clarified its clinical application advantages through direct
comparison with MRI and mammography. In terms of
diagnostic consistency, the Kappa value of the combined
examination for consistency with pathological results was
as high as 0.936, which was much higher than that of
single ultrasound (0.633), contrast-enhanced ultrasound
(0.783), MRI (0.719) and mammography (0.614),
indicating that the combined examination has an
extremely high degree of agreement with the pathological

gold standard, and the diagnostic results are more reliable.

In terms of diagnostic efficacy, the accuracy (0.971),
specificity (0.985) and sensitivity (0.946) of the
combined examination were significantly better than
those of single examination methods. The essence of this
advantage is the complementary synergy of the two
technologies: ultrasound can clearly present the
morphological characteristics of lymph nodes (such as
size, boundary, cortical thickness, etc.), providing a
structural basis for preliminary judgment[9]; while
contrast-enhanced ultrasound can accurately display the
blood flow perfusion pattern. Metastatic lymph nodes
often show characteristics such as irregular enhancement
and perfusion defects, which can effectively distinguish
reactive hyperplastic lymph nodes with similar
morphology. Although MRI has high soft tissue
resolution, it is greatly interfered by respiratory motion,
has limited detection rate for tiny metastatic foci, and has

high examination cost and long time consumption, which
is not conducive to promotion in primary medical
institutions[10]. Mammography is  sensitive to
calcification foci, but has insufficient penetration into
dense breast tissue and poor display effect on axillary
lymph nodes[11], resulting in a sensitivity of only 0.730,
which is lower than that of the combined examination.
ROC curve analysis further confirmed that the AUC of
the combined examination (0.965) was significantly
higher than that of MRI (0.853) and mammography
(0.803), indicating that its diagnostic accuracy is higher,
and it can more effectively identify whether axillary
lymph nodes are metastasized, providing a key basis for
the formulation of clinical treatment plans.

Through multivariate logistic regression analysis,
this study clarified that tumor diameter > 2 cm, maximum
cortical thickness of lymph nodes > 3 mm, and irregular
enhancement pattern in ultrasound and contrast-enhanced
ultrasound images were independent risk factors for
axillary lymph node metastasis in breast cancer. The
larger the tumor diameter, the higher the probability that
cancer cells break through the basement membrane and
invade the lymphatic vessels, and the risk of lymph node
metastasis increases accordingly[12]. The maximum
cortical thickness of lymph nodes > 3 mm reflects the
abnormal proliferation of lymph node structure, which is
a direct manifestation of metastatic foci invasion[13]. The
irregular enhancement pattern indicates disordered blood
flow perfusion inside the lymph nodes, which is closely
related to the invasive biological behavior of metastatic
lesions[14]. The clarification of these risk factors helps
clinicians focus on relevant indicators during examination,
conduct closer evaluation of high-risk patients, and
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achieve early diagnosis and early intervention. The 95%
CI of each independent risk factor in the multivariate
analysis of this study was relatively wide, which was
mainly related to the fact that this study was a
single-center retrospective study with limited sample size
and a low proportion of stage III-IV cases, suggesting that
there was a certain sampling variation in the effect of the
above risk factors on axillary lymph node metastasis. In
the future, it is necessary to expand the sample size and
carry out multi-center studies to narrow the confidence
interval and improve the stability and extrapolation of the
results.

Although this study has clarified the diagnostic
advantages of the combined examination, there are still
certain objective limitations: first, the sample size is
relatively concentrated in a single center, which may have
selection bias; second, the stratified analysis of the
diagnostic efficacy of breast cancer with different
pathological subtypes was not carried out; third, other
high-end examination methods such as positron emission
tomography were not included for comparison. Future
research can further verify the universality of the
combined examination by expanding the sample size and
carrying out multi-center studies; at the same time, refine
the analysis of pathological subtypes to clarify the
application value of the combined examination in
different types of breast cancer; in addition, artificial
intelligence technology can be combined to construct a
diagnostic model based on the characteristics of the
combined examination, so as to further improve the
intelligent and precise level of diagnosis.

In conclusion, the combined examination of
ultrasound and contrast-enhanced ultrasound has
significant clinical value in the diagnosis of axillary
lymph node metastasis in breast cancer. Its diagnostic
consistency with  pathological results, accuracy,
specificity and sensitivity are better than that of single
ultrasound and contrast-enhanced ultrasound, and
significantly higher than that of traditional MRI and
mammography. Meanwhile, tumor diameter > 2 cm,
maximum cortical thickness of lymph nodes > 3 mm, and
irregular enhancement pattern in the images of the two
examinations are independent risk factors for axillary
lymph node metastasis in breast cancer. This combined
examination method is convenient to operate, economical
and efficient, and can provide a reliable basis for clinical
diagnosis and treatment.
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Application of ultrasound combined with contrast-enhanced ultrasound in the

diagnosis of axillary lymph node metastasis of breast cancer
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Abstract: Objective To analyze the diagnostic value of ultrasound (US) combined with contrast-enhanced ultrasound
(CEUS) in axillary lymph node metastasis of breast cancer, and to identify the related independent risk factors.
Methods A retrospective selection was made of 102 breast cancer patients admitted to Inner Mongolia Hospital Beijing
Hospital of Traditional Chinese Medicine from January 2022 to December 2024. All patients completed US, CEUS,
magnetic resonance imaging (MRI), and mammography examinations in sequence within one week before surgery, with
non - simultaneous one - time operations, and the examinations were conducted at different time periods in accordance
with clinical diagnosis and treatment norms. Patients were diagnosed by histopathological examination. The
postoperative lymph node pathological results were used as the gold standard, and Kappa value was used to evaluate the

diagnostic consistency of each examination. Receiver operating characteristic (ROC) curve was used to evaluate its
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diagnostic value, and multivariate logistic regression was used to screen independent risk factors (stepwise regression

method was used to control the number of variables). Results Among 102 patients, 37 cases (36.27%) were pathologically

diagnosed with lymph node metastasis. The Kappa value of US combined with CEUS was 0.936, the accuracy was

0.971, the specificity was 0.985, and the sensitivity was 0.946. ROC curve showed that the area under the curve
(AUC) of combined examination was 0.965 (95%CI:0.919-1.000) , which was significantly higher than that of single
US (AUC=0.811, 95%CI: 0.715-0.907) , CEUS (AUC=0.882, 95%CI: 0.802-0.963) , MRI (AUC=0.853, 95%ClI:
0.766—-0.941) , and mammography (AUC=0.803, 95% CI: 0.707-0.900) (P<0.05). Multivariate logistic regression

analysis showed that in US and CEUS imaging, tumor diameter =2 ¢m, maximum cortical thickness of lymph nodes =3 mm,

and irregular enhancement pattern were independent risk factors for axillary lymph node metastasis of breast cancer

(P<0.05). Conclusion The combined examination of US and CEUS has high application value in the diagnosis of

axillary lymph node metastasis of breast cancer, and the diagnostic efficacy is better than single US, CEUS, traditional

MRI and mammography, which can provide reliable basis for clinical diagnosis and treatment.

Keywords: Ultrasound; Contrast - enhanced ultrasound; Breast cancer; Axillary lymph node metastasis; Pathology;

Tumor diameter; Cortical thickness of lymph node
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