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Purpose: To evaluate a classification model of contrast-enhanced ultrasound (CEUS) and 

examine the characteristics of patients with false-negative diagnosis.

Patients and methods: A retrospective secondary analysis of a multicenter trial of CEUS for 

breast cancer diagnosis (from August 2015 to April 2017) was undertaken. Patients (n=1,023) 

with Breast Imaging Reporting and Data System 4–5 lesions on B-mode ultrasound underwent 

CEUS. Pathological diagnoses were available from surgical or biopsy specimens for correlation. 

Lesion maximum diameter (LMD), distance to the papilla (DtP), distance from the superficial 

edge of the lesion to the skin (DtS), distance from the deep edge of the lesion to the pectoralis 

muscle (DtPM), and body mass index (BMI) were evaluated.

Results: Median age and BMI were 48.0 and 41.2 years and 23.2 and 22.4 kg/m2 for patients 

with malignant and benign lesions, respectively. Overall sensitivity, specificity, and accuracy 

of CEUS for malignancy were 89.4%, 65.3%, and 75.8%, respectively. The patients with true-

positive and false-negative diagnosis (ie, with malignant lesion) were older than those with 

false-positive and true-negative diagnosis (ie, with benign lesion). Patients with true-positive 

and false-positive diagnoses had higher BMI than patients with true-negative and false-negative 

diagnoses (P=0.004). Patients with true-positive and false-negative diagnoses had larger LMD 

and DtP, as well as smaller DtS and DtPM.

Conclusion: Older age, higher BMI, larger LMD and DtP, and smaller DtS and DtPM were 

associated with malignant lesions on CEUS. Patients with these characteristics should undergo 

further imaging.

Keywords: breast cancer, ultrasound, contrast-enhanced ultrasound

Introduction
Breast cancer is the most common cancer in women and the fifth cause of death 

from cancer.1 Breast cancer can be classified as invasive or in situ based on whether 

or not it invades the basement membrane of the duct of lobule.2 In the US, about 

95% of the new cases of breast cancer occur in women >40 years of age.3 The 

worldwide incidence is about 43.3 new cases per 100,000 women, for a cumulative 

lifetime risk of 4.6%.3 In the US, mortality from breast cancer ranges from 11.3 

to 30 cases per 100,000, depending upon ethnic groups.4 Early diagnosis of breast 

cancer is primordial to enable appropriate treatments and improve prognosis. Many 

countries offer breast cancer screening programs, and these programs have been 

shown to decrease breast cancer mortality by 15%–30%.5 On the other hand, screen-

ing is associated with risks of false-positive, false-negative, and over-diagnosis.6,7 

Ultrasound is often used as an adjunct to mammography for screening to enable 
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early diagnosis of breast cancer worldwide. An optimal 

screening tool should have both high sensitivity and 

specificity, but both mammography and B-mode ultrasound 

have sensitivity <75%.8 Newer and emerging technologies 

such as tomosynthesis, contrast-enhanced mammography, 

elastography, and contrast-enhanced ultrasound (CEUS) 

are promising.9–11

Ultrasound characterizes a breast lesion using morpho-

logical descriptors such as shape, margin, and orientation. In 

Western countries, ultrasound is used as an adjunct to mam-

mography. In Asia, it is also used as adjunct to mammography, 

but the frequency of use is probably higher because Asian 

women have relatively small and dense breasts, complicat-

ing the interpretation of mammography.12,13 Therefore, this 

study aimed to determine whether CEUS could improve the 

diagnostic rate and hence reduce the numbers of unneces-

sary biopsies. Furthermore, compared with mammography, 

ultrasound requires a less complex setting, and is portable 

and inexpensive, making it a modality of choice for devel-

oping countries with hard-to-reach areas in Asia without 

a permanent setting for breast cancer screening. In many 

countries, breast lesions are categorized using the Breast 

Imaging Reporting and Data System (BI-RADS), in which 

the malignant risk of lesions with BI-RADS 4 ranges from 

2% to 95%, resulting in unnecessary invasive biopsy for many 

women. Raza et al14 showed that the positive predictive value 

of BI-RADS 4 lesions was only 15.5%–20.0%.

Breast cancers typically have rich blood supply,15 mak-

ing them candidates for the use of contrast-based imaging 

modalities. CEUS involves the use of a contrast agent 

confined to the vascular lumen and visible by ultrasound. 

CEUS can significantly improve the diagnostic accuracy 

of breast lesions compared to conventional ultrasound, in 

particular for BI-RADS 4a and 4b lesions.16,17 Unfortu-

nately, there is no unified classification criteria for CEUS 

analysis. Our team has previously established a CEUS 

classification based on six enhancement patterns, and this 

system has been shown to yield a diagnostic accuracy of 

83.4%–86.4% in differentiating benign and malignant 

breast lesions.17

The aim of the present multicenter study was to fur-

ther evaluate the performance of this model using a large 

cohort, and to examine the characteristics of patients with 

different classes of diagnosis (true negative, true positive, 

false negative, and false positive). The results could help 

inform about applicability of the model for breast cancer 

diagnosis.

Methods
Study design and subjects
This was a retrospective secondary analysis of a prospective 

multicenter (Fujian Cancer Hospital, Sichuan Provincial 

People’s Hospital, Yunnan Cancer Hospital, Qujing City First 

People’s Hospital, Huangshi Central Hospital, Tangdu Hos-

pital, Chengdu First People’s Hospital, and Yanan University 

Affiliated Hospital) trial of CEUS for breast cancer diagnosis, 

originally carried out between August 2015 and April 2017. 

The study has been approved by the ethics committee of 

Sichuan Provincial People’s Hospital (No 2016 14-1). The 

patients provided written informed consent for the original 

study and any eventual secondary data analysis. The original 

study and this substudy were carried out according to the 

principles of the Declaration of Helsinki.

All centers that participated in the original trial have 

screening programs for breast cancer. Before enrollment, all 

patients underwent B-mode ultrasound. Only those ≥14 years 

of age and with BI-RADS 4 and 5 breast lesions on B-mode 

ultrasound were recruited for the original CEUS trial. The 

exclusion criteria were: 1) contraindication or allergy to the 

contrast agent; 2) pregnant or breast-feeding; 3) coronary 

heart disease; 4) pulmonary or respiratory diseases; 5) any 

previous treatment for breast lesions (malignant or benign); 

6) BI-RADS six lesions; or 7) diffuse lesions that cannot be 

measured or evaluated properly.

B-mode ultrasound and CeUs
The participating centers had different ultrasound systems 

(Philips iU22, Philips iU-Elite, Mylab 90, and GE LOGIQ 

E9), and each patient underwent ultrasound using a single 

system. B-mode ultrasound was performed with 5–12 MHz 

linear array transducers. CEUS was performed with 3–9 

MHz linear transducers. The contrast agent used was Son-

oVue (Bracco SpA, Milan, Italy) reconstituted with 5 mL of 

sterile saline. The ultrasound parameters were: mechanical 

index ≤0.13 MHz, single focus at the bottom of the image, 

and probe stabilized manually without pressure.

The ultrasound physicians from each center had a minimum 

of 15 and 2 years experience in breast ultrasound and CEUS, 

respectively. The following parameters were measured and 

recorded: lesion maximum diameter (LMD), distance to the 

papilla (DtP) (Figure 1), distance from the superficial edge of the 

lesion to the skin (DtS) (Figure 2), and distance from the deep 

edge of the lesion to the pectoralis muscle (DtPM) (Figure 2).

During examination, the maximum imaging plane with 

rich blood supply or irregular shape of the mass including 
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its surrounding normal tissue was selected for CEUS. In 

the presence of multiple lesions in a single patient, only the 

largest one was evaluated by CEUS. After manual bolus 

injection of 4.8 mL of SonoVue via an antecubital vein, the 

selected plane was kept unchanged and real-time imaging was 

recorded for 2 minutes. All static and dynamic images were 

stored in the ultrasound systems and exported as JPEG and 

DICOM (digital imaging communications in medicine) files.

image analysis
Image analysis was blinded and in accordance to the CEUS 

mode previously described.17 This classification consists 

of three benign (Figure 3) and three malignant (Figure 4) 

classes: Figure 3 (A) hyper-enhancement with enlarged 

strength range, with or without irregular shape; B) hyper-

centripetal enhancement with perfusion defect, with or 

without enlarged range; C) rapid or synchronous wash-in 

with hyper- or iso-enhancement, presence of penetrating 

vessels or crab claw-like pattern, with or without perfusion 

defect; Figure 4A) rapid wash-in with hyper-enhancement, 

clear margin after enhancement without enlarged size; B) 

synchronous or slow wash-in with iso-enhancement, without 

distinction of margin and shape after enhancement; and C) 

synchronous or slow wash-in with hypo-enhancement.

The lesions that met any of the malignant or benign 

classes were categorized as malignant or benign. The lesions 

that met both of benign and malignant classes were catego-

rized as malignant. Any disagreements were solved by the 

director of the ultrasound department of each center.

Pathological data
All patients underwent surgery or 16G core needle biopsy. 

The specimens were examined by two pathologists (at least 

Figure 1 Measurement of the distance to the papilla (DtP). The distance shown in 
the figure is 1.17 cm.

Figure 2 Measurement of the distance from the superficial edge of the lesion to 
the skin (Dts) and the distance from the deep edge of the lesion to the pectoralis 
muscle (DtPM).
Note: The distances shown in the figure are DtS =0.752 cm and DtPM =0.191 cm.

Figure 3 The benign sub-models of contrast-enhanced ultrasound for breast lesions. 
(A) Rapid wash-in with hyper-enhancement and clear margin after enhancement 
without enlarged size. (B) synchronous or slow wash-in with iso-enhancement, and 
no difference in margin and shape after enhancement. (C) synchronous or slow 
wash-in with hypo-enhancement.
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3 years of experience in breast diagnosis) at each center. 

Diagnosis was based on the WHO criteria.2

Diagnostic classification
Based on the CEUS classification and the pathological diag-

nosis, each patient was classified as true positive, true nega-

tive, false positive, and false negative. Sensitivity, specificity, 

and accuracy were calculated.

Data collection
Age, body mass index (BMI; calculated as kg/m2), number 

of lesions, lesion diagnosis, LMD, DtP, DtS, and DtPM were 

collected in the original trial.

statistical analysis
Statistical analysis was conducted using SPSS 23.0 for Win-

dows (IBM Corporation, Armonk, NY, USA). Continuous 

variables were analyzed using ANOVA (or the Kruskal–

Wallis test) and the Bonferroni’s post hoc test. Categorical 

Figure 4 The malignant sub-models of contrast-enhanced ultrasound for breast 
lesions.
Notes: (A) hyper-enhancement with enlarged range, with or without irregular 
shape. (B) hyper-centripetal enhancement with perfusion defect, with or without 
enlarged range. (C) Rapid or synchronous wash-in with hyper- or iso-enhancement, 
presenting penetrating vessels (as indicated by the white arrows) or crab claw-like 
pattern, with or without perfusion defect.

variables were analyzed with the chi-squared test. The null 

hypothesis was rejected at an α level of 5% (P<0.05).

Results
Characteristics of the patients and 
lesions
The study group included 1,023 female patients with 1,023 

breast lesions evaluated by CEUS. Table 1 presents the char-

acteristics of the patients and their lesions.

Diagnostic performance of CeUs
The overall sensitivity, specificity, and accuracy of CEUS 

for the diagnosis of breast lesions were 89.4%, 66.4%, and 

75.8%, respectively.

Characteristics of the lesions according 
to the diagnostic class
Table 2 shows the characteristics of the lesions according 

to the diagnostic class. The patients with pathologically 

malignant lesions (true-positive and false-negative diagnoses) 

were older (true positive: 49.5 years; false negative: 47.2 

years) than those with pathologically benign lesions (false 

positive: 41.2 years; true negative: 41.2 years) (P<0.05). 

The patients with true-positive and false-positive diagnoses 

had a higher BMI (true positive: 23.1 kg/m2; false positive: 

23.3 kg/m2) than patients with true-negative (22.5 kg/m2) 

and false-negative (22.4 kg/m2) diagnoses (P=0.004). The 

patients with true-positive and false-negative diagnoses also 

had larger LMD and DtP, as well as smaller DtS and DtPM 

compared with patients with true-negative and false-positive 

diagnoses (LMD: 23.4 and 19.6 vs 14.8 and 17.1 mm, 

respectively, P<0.05; DtP: 26.3 and 26.5 vs 20.4 and 23.1 

mm, respectively, P<0.05; DtS: 5.9 and 4.8 vs 6.5 and 6.8 

mm, respectively, P<0.05; DtPM: 2.4 and 3.4 vs 3.8 and 4.4 

mm, respectively, P<0.05). These results suggest that lesions 

with false-negative diagnosis share the same characteristics 

than true-positive lesions, ie, high LMD and DtP, and small 

DtS and DtPM.

Discussion
CEUS has better accuracy than B-mode ultrasound for breast 

cancer diagnosis, but CEUS is limited by image analysis 

subjectivity. Therefore, this study aimed to evaluate the per-

formance of a classification model of CEUS and examine 

the characteristics of patients with different classes of diag-

nosis (true positive, true negative, false negative, and false 

positive), in particular the characteristics of the patients with 

false-negative diagnosis. The results showed that the CEUS 
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classification for breast lesions is promising. Age, BMI, 

LMD, DtP, DtS, and DtPM were associated with diagnostic 

accuracy. Lesions with false-negative diagnosis share the 

same characteristics as true-positive lesions, ie, high LMD 

and DtP, and small DtS and DtPM. These results suggest 

that lesions with a negative diagnosis but with these specific 

Table 1 Characteristics of the patients and lesions

Variables All, n (%) Malignant  
CEUS, n (%)

Benign  
CEUS, n (%)

Malignant and  
benign CEUSa, n (%)

no (lesions) 1,023 579 425 19
age (years)     
Median (range) 44.7 (18–81)    
≤35 203 (19.8) 83 (40.9) 118 (58.1) 2 (1.0)

>35 820 (80.2) 496 (60.5) 307 (37.4) 17 (2.1)
Body mass index (kg/m2)     
Median (range) 22.9 (14.7–50.8)    
<25.0 803 (78.5) 435 (54.2) 352 (43.8) 16 (2.0)

≥25.0–29.9 197 (19.3) 130 (66.0) 64 (32.5) 3 (1.5)

≥30.0 23 (2.2) 14 (60.9) 9 (39.1) 0
histopathology     
Benign lesions (n=579)     
Fibroadenoma 254 (43.9) 71 (28.0) 179 (70.5) 4 (1.6)
Fibrocystic mastopathy 132 (22.8) 39 (29.5) 91 (68.9) 2 (1.5)
Complex sclerosing adenosis 15 (2.6) 9 (60.0) 5 (33.3) 1 (6.7)
hyperplasia 72 (12.4) 16 (22.2) 56 (77.8) 0
atypical hyperplasia 11 (1.9) 8 (72.7) 3 (27.3) 0
granulomatous mastitis 43 (7.4) 30 (69.8) 12 (27.9) 1 (2.3)
intraductal papilloma 42 (7.3) 13 (31.0) 25 (59.5) 4 (9.5)
Benign phyllodes tumor 9 (1.6) 3 (33.3) 6 (66.7) 0
hamartoma 1 (0.2) 0 1 (100) 0
Malignant lesions (n=444)     
iDC 389 (87.6) 347 (89.2) 37 (9.5) 5 (1.3)
DCis 32 (7.2) 30 (93.8) 2 (6.3) 0
Mucinous carcinoma 11 (2.5) 7 (63.6) 2 (18.2) 2 (1.8)
Infiltrating lobular carcinoma 4 (0.9) 3 (75.0) 1 (25.0) 0
Diffused large B-cell lymphoma 1 (0.2) 0 1 (100) 0
Malignant phyllodes tumor 3 (0.7) 2 (66.7) 1 (33.3) 0
solid neuroendocrine carcinoma 1 (0.2) 1 (100) 0 0
sarcoma 3 (0.7) 0 3 (100) 0

Note: aThe lesions that met both benign and malignant classes were categorized as malignant.
Abbreviations: DCis, ductal carcinoma in situ; iDC, invasive ductal carcinoma.

Table 2 Characteristics of the patients according to the type of final diagnosis

Factors True positive 
(n=397)

True negative 
(n=378)

False positive 
(n=201)

False negative 
(n=47)

P-value

age (years) 49.5 (23–81) 41.2 (18–70)a 41.2 (20–72)b 47.2 (18–79)e,f <0.05
Body mass index (kg/m2) 23.11 (14.7–50.8) 22.47 (16.0–43.9)a 23.29 (16.9–37.6)c 22.4 (16.5–31.2) 0.004
lesion maximum diameter (mm) 23.35 (5.0–75.5) 14.78 (4.0–55.8)a 17.06 (4-85)b,d 19.63 (6.2–43.6)d <0.05
Distance to the papilla 26.31 (0–89) 20.36 (0–66)a 23.13 (0–76) 26.51 (0–80) <0.05
Superficial edge of the lesion to the skin 5.86 (0–28) 6.46 (0–23)a 6.80 (0.30–23.0)b 4.84 (1–10) e,f <0.05
Distance from the deep edge of the lesion to 
the pectoralis muscle

2.41 (0–32) 3.75 (0–28)a 4.35 (0–31.8)b 3.42 (0–13) <0.05

Notes: all data are shown as median (range). aTrue positive vs true negative, P<0.05. bTrue positive vs false positive, P<0.05. cTrue negative vs false positive, P<0.05. dTrue 
negative vs false negative, P<0.05. eTrue positive vs false negative, P<0.05. fFalse positive vs false negative, P<0.05.

characteristics should potentially be investigated more thor-

oughly since there is a risk of positive findings at pathologic 

examination. Nevertheless, there is also risk of false-positive 

diagnosis and this concern should be studied further.

Early diagnosis of breast diseases allows for earlier treat-

ment and better prognosis.18 CEUS represents a method with 
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good prospects for the early diagnosis of breast diseases 

and could be helpful to optimize the BI-RADS category.16,19 

The enhancement patterns of lesions may be influenced by 

multiple factors such as microvessel density (MVD) and the 

intercellular substance structure.20 How to improve the diag-

nostic performance of CEUS is still an issue in the clinical 

application of CEUS. In the present study, the accuracy of the 

proposed CEUS classification for the diagnosis of malignant 

lesions was higher than that for benign lesions. It is notewor-

thy that the CEUS features of benign and malignant breast 

lesions can overlap. Model A is strongly predictive for malig-

nancy, as confirmed in previous studies.19,21 Nevertheless, 

in the present study, 4.6% of the women had false-negative 

diagnosis, and many benign lesions also show enlarged size 

after enhancement. Our results showed that 72.7% of atypical 

hyperplasia lesions, 69.8% of granulomatous mastitis lesions, 

and 60.0% of complex sclerosing adenosis lesions were mis-

diagnosed. Further study on the enhancement features could 

help refine the models and improve accuracy.

In the present study, the overall sensitivity, specificity, 

and accuracy of CEUS for the diagnosis of breast lesions 

were 89.4%, 66.4%, and 75.8%, respectively. Sensitivity 

was similar to that reported by a meta-analysis of studies of 

CEUS, with 86% sensitivity, but the specificity was lower 

than in the meta-analysis (79%).22 Similar observation can 

be made with B-mode ultrasound (87% sensitivity and 72% 

specificity).23 This could possibly be due to differences in 

image analysis and may suggest that our classification method 

could be improved. Nevertheless, the diagnostic performance 

of CEUS in the present study was similar to that of magnetic 

resonance imaging (92% sensitivity and 70% specificity), 

but better than mammography in terms of sensitivity (75% 

sensitivity and 71% specificity).24 Additional studies in vari-

ous populations are necessary to determine the exact value 

of the classification system suggested in the present study.

Age is one of the most important risk factors since breast 

cancer in Western countries occurs around 55–70 years of 

age,4 but around 45–55 years of age in Asian women.25 

Thickness, duct width, and blood flow of the breast are dif-

ferent under the influence of hormones and according to the 

menopausal status.26 The results showed that patients with 

malignant lesions were older than those with benign lesions. 

Kim et al27 suggested that fibroadenoma in young women 

may enlarge rapidly and be accompanied by ductal epithe-

lial hyperplasia, leading to increased number of peripheral 

microvessels, which may lead to false-positive CEUS results. 

Inflammatory responses could be accompanied by local 

vascular dilation and intraductal papilloma may display high 

enhancement, both potentially leading to false-positive CEUS 

diagnosis.28 Therefore, to reduce false-negative diagnosis in 

the clinical application of CEUS, the physicians should be 

aware that elderly patients are more likely to have malignant 

lesions, while young patients are more likely to have benign 

lesions, as in the present study. Nevertheless, the results of 

the present study should be interpreted in the context of 

our specific study population (Chinese women). The results 

should be confirmed in other populations around the globe.

Overweight or obese women have a higher risk of breast 

cancer compared with lean women.29 In the present study, 

patients with malignant lesions had a higher frequency of 

high BMI compared with women with benign lesions, and 

BMI was significantly different among the different diagnos-

tic classes of CEUS. These results suggest that high BMI is 

associated with high risk of breast cancer as adipose tissue is 

considered as a major source of female hormones.30 Indeed, 

after menopause, aromatase, the key enzyme in synthesis 

of estrogens, is mainly expressed in adipose tissue and aro-

matase inhibitors are part of the armament available against 

breast cancer.30

Lesion size is a crucial variable during ultrasound exami-

nation. It is highly associated with tumor angiogenesis,31 

which is essential for tumor growth and infiltration.32 The 

strength of CEUS enhancement is closely related to MVD.33 

In the present study, LMD was the largest in patients with 

true-positive CEUS diagnosis and the smallest in women 

with true-negative diagnosis, while those with false-positive 

and false-negative CEUS diagnosis had intermediate LMD 

values. This suggests that LMD is a major component of 

the qualitative analysis of CEUS images. In addition, some 

malignant lesions have no typical ultrasound features, neo-

vascularization is not abundant, and heterogeneity is not 

obvious.28 It is difficult to determine the strength or type of 

enhancement of small lesions. As highlighted by Zhang et 

al,34 subjectivity plays a major role in determining whether 

there is heterogeneous enhancement of small lesions, and it 

may lead to high-false negative rates. For malignant lesions, 

with the enlargement of the lesion size, vessel heterogeneity 

is more prominent, spatial distribution is unbalanced, termi-

nal fine vessels are increased, and tumor vessel branches are 

irregular.35 Nevertheless, taken together, these results suggest 

that large lesions should be at least considered suspicious, 

even in the presence of negative CEUS diagnosis.

DtP has been known for a long time to be associated with 

malignancy. DtP >15 mm on mammography and ultrasound 

implies that the lesion is probably malignant.36 On the other 

hand, this feature has not been associated with malignancy 
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for shear wave elastography,37 and there is no literature avail-

able regarding DtP in CEUS. In the present study, DtP of 

malignant lesions (true positive and false negative) was larger 

than for benign lesions. Additional studies are necessary to 

examine this feature in the context of CEUS.

Our results suggest that DtPM was smaller in malignant 

lesions (true positive and false negative) than in benign 

lesions (false positive and true negative). This could be 

explained by malignant nodules having larger diameter 

and longitudinal growth. In addition, DtS was smaller in 

malignant lesions than in benign lesions, but this param-

eter should be considered with caution because pressure 

from the transducer can greatly influence microcirculation 

perfusion, resulting in false-negative diagnosis. There can 

be important differences in DtS with ultrasound compared 

with mammography and MRI, possibly from the pressure 

exerted by the transducer on the breast.38,39 Although DtS 

is operator-dependent, it should be reproducible for differ-

ent specific operators and could be used as a parameter for 

assessing malignancy.

There are some limitations to this study. Because this 

was a multicenter study, there was variability of equipment 

and physicians. The number of women <35 years of age was 

relatively small, and the value of CEUS in those patients still 

needs to be studied. No other imaging modality was used, and 

the value of the combination of multiple imaging techniques 

with CEUS needs to be examined. Finally, the use of different 

ultrasound systems is an important limitation of this study.

Conclusion
CEUS can synthesize multiple microvasculature and hemo-

dynamic data of breast lesions. The rate of false-negative 

diagnosis could be influenced by age, BMI, LMD, DtP, DtS, 

and DtPM. The results support more features to improve the 

diagnostic performance of CEUS for breast lesions. Patients 

with false-negative diagnosis share the same characteristics as 

true-positive lesions, including high LMD and DtP, and small 

DtS and DtPM. These results suggest that patients with nega-

tive diagnosis but with these characteristics should possibly 

be investigated more thoroughly since there is a risk of posi-

tive findings. A larger international study including women 

of different nationalities is needed to validate this study.
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