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Assessment of Additional
MRI-Detected Breast Lesions
Using the Quantitative
Analysis of Contrast-
Enhanced Ultrasound Scans
and Its Comparability with
Dynamic Contrast-Enhanced
MRI Findings of the Breast
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Purpose To assess the diagnostic performance of contrast-enhanced ultrasound (CEUS) for ad-
ditional MR-detected enhancing lesions and to determine whether or not kinetic pattern results
comparable to dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI) of the
breast can be obtained using the quantitative analysis of CEUS.

Materials and Methods In this single-center prospective study, a total of 71 additional MR-de-
tected breast lesions were included. CEUS examination was performed, and lesions were cate-
gorized according to the Breast Imaging-Reporting and Data System (BI-RADS). The sensitivity,
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specificity, and diagnostic accuracy of CEUS were calculated by comparing the BI-RADS category to
the final pathology results. The degree of agreement between CEUS and DCE-MRI kinetic patterns
was evaluated using weighted kappa.

Results On CEUS, 46 lesions were assigned as BI-RADS category 4B, 4C, or 5, while 25 lesions catego-
ry 3 or 4A. The diagnostic performance of CEUS for enhancing lesions on DCE-MRI was excellent, with
84.9% sensitivity, 94.4% specificity, and 97.8% positive predictive value. A total of 57/71 (80%) lesions
had correlating kinetic patterns and showed good agreement (weighted kappa = 0.66) between CEUS
and DCE-MRI. Benign lesions showed excellent agreement (weighted kappa = 0.84), and invasive duc-
tal carcinoma (IDC) showed good agreement (weighted kappa = 0.69).

Conclusion The diagnostic performance of CEUS for additional MR-detected breast lesions was ex-
cellent. Accurate kinetic pattern assessment, fairly comparable to DCE-MRI, can be obtained for be-
nign and IDC lesions using CEUS.

Index terms Diagnostic Ultrasound; Contrast Media; Microbubbles; Magnetic Resonance Imaging;
Breast Tumors; Breast Cancer

INTRODUCTION

Breast cancer is the most prevalent type of cancer among female worldwide, accounting
for nearly one-fourth of all cancers (1). Breast magnetic resonance imaging (MRI) is a widely
utilized modality for detection of breast cancer (2). It is also increasingly used for staging of
known breast cancer and contralateral breast screening in newly diagnosed breast cancers.
As aresult, initially occult additional breast nodules are often detected on MRI (2).

However, the validity of MRI is limited by its specificity and moderate positive predictive
value (PPV). In a prior meta-analysis of the role of pre-operative MRI in detection of unsus-
pected multifocal and/or multicentric cancer in the ipsilateral breast, the rate of detection of
additional cancer foci ranged 6-34%, with a median of 16% and a PPV of 66% (3).

Therefore, when unsuspected additional MR-detected lesions can be correlated by second-
look ultrasound (US), the more widely available technique of US-guided biopsy is recom-
mended. However, the detection rate of second-look US is very heterogeneous due to the
success of examination depending on the experience and technique of the operator (4). Fur-
thermore, the low reproducibility of lesion characterization in breast US remains a problem-
atic issue (4).

Contrast enhanced ultrasound (CEUS) has emerged as a popular diagnostic tool in evaluat-
ing breast lesions for malignancy (5). Breast cancers are closely associated with angiogenesis,
which is the formation of new vascular network from preexisting vessels (1). Due to this fact,
CEUS has become a useful tool for evaluating tumor microflow by using microbubble con-
trast agents (5, 6).

Compared with conventional US, CEUS can substantially improve visualization of the vas-
cularity and parenchymal microcirculation within breast tumors by injection of microbub-
ble-based contrast agents into a peripheral vein (7). Also, CEUS kinetic parameters can be
quantitatively evaluated by a time-intensity curve (TIC) (8). Due to the advantage of providing

both morphologic and functional information, CEUS has gained more and more attention in
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recent studies (7, 8). Previous studies have also reported that CEUS enhancement patterns
were useful in the prediction of breast cancer prognosis (8, 9).

In addition, quantitative analysis using CEUS also has several advantages over breast dy-
namic contrast enhanced MRI (DCE-MRI). DCE-MRI requires patient to be in prone position
and uses contrast agents that are excreted through the renal system. CEUS is done in a rela-
tively more comfortable supine position, and uses contrast agents that do not put renal func-
tion at risk (10). In addition, CEUS is able to dynamically observe the perfusion changes as
opposed to multiple static images of DCE-MRI (11).

To our knowledge, current literature has no prospective results on the diagnostic perfor-
mance of CEUS for additional MR-detected breast lesions using morphological and function-
al analysis. Also, comparison studies between breast DCE-MRI and CEUS kinetic pattern re-
sults has not been done.

The purpose of this study is to prospectively assess the diagnostic performance of CEUS for
additional MR-detected enhancing breast lesions and to determine whether kinetic pattern

results comparable to breast DCE-MRI can be obtained using quantitative analysis of CEUS.

MATERIALS AND METHODS

PATIENTS

This single center prospective study was approved by the Institutional Review Board and
written informed consent was obtained (IRB No. 2015GR0724). From January 2016 to Decem-
ber 2018, 600 breast cancer patients scheduled for surgery underwent pre-operative breast
MRI. There were 150 patients with additional MR-detected enhancing breast lesions, and
among them, 71 lesions in 71 patients were correlated on 2nd look US exam. These seventy-
one additional MR-detected lesions in 71 patients (mean age, 52.2 years; age range, 28-77
years) comprised the study group.

BREAST DCE-MRI EXAMINATION

All DCE-MRI images were obtained from pre-operative breast MR exam. Breast MRI was
performed using a 3T MR scanner (MAGNETOM Skyra, Siemens Medical Solutions, Erlan-
gen, Germany) in the prone position with their breasts placed in a dedicated 18-channel
phased-array breast coil (Siemens Medical Solutions). Bilateral breast imaging was done with
following protocol: an axial, turbo spin-echo T2-weighted sequence, diffusion weighted im-
age sequence, and dynamic contrast-enhanced MRI (DCE-MRI) sequences. Contrast agent

used was gadolinium-based and was administered through peripheral veins.

CEUS EXAMINATION
A single highly experienced radiologist performed the US exam with EPIQ 7 (Philips

Healthcare, Bothell, WA, USA) unit and a 7.5-15 MHz linear transducer. First, the conven-
tional US features including shape, orientation, margin, echogenicity, and posterior feature
were evaluated. For CEUS, the machine parameters were set at mechanical index less than
0.1 and gain at 100-120 dB. No parameter changes were made during the examination.

The contrast agent used in this study was SonoVue (Bracco, Milan, Italy). About 3 mL of con-
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trast agent was injected via peripheral vein in the arm in a bolus fashion and was followed by
normal saline injection. Continuous imaging was done immediately after the injection and
lasted for 3 minutes. The quantitative data acquisition for kinetic pattern assessment was
done. During the exam, the selected plane was unchanged with the probe stabilized manual-
ly. The recorded images were stored in a hard disc on US machine for subsequent analysis.
CEUS analysis was done with commercially available software (ViewBox; Bracco, Geneva,

Switzerland)

IMAGE ANALYSIS

Two experienced radiologists reviewed all the DCE-MRI and CEUS images of 71 lesions un-
til consensus was achieved. Both were blinded to patient’s clinical information. The assess-
ment of DCE-MRI and CEUS was based on our clinical experience and previous literatures
(12, 13).

For each lesion, benign and malignant features on conventional US, CEUS, and DCE-MRI
was evaluated. Malignant features included the following findings; irregular US shape, non-
parallel US orientation, indistinct, angular, or spiculated US margin, hypoechoic or heteroge-
neous US echogenicity, posterior shadowing on US, peripheral CEUS enhancement, washout
CEUS kinetics, irregular MRI shape, irregular or spiculated MRI margin, washout DCE-MRI
kinetics, and heterogeneous DCE-MRI enanhancement. Benign features include round or
oval US shape, parallel US orientation, circumscribed US margin, isoechoic or hyperechoic
US echogenicity, central CEUS enhancement, persistent CEUS kinetics, round or oval MRI
shape, circumscribed MRI margin, persistent DCE-MRI kinetics, and homogeneous DCE-
MRI enhancement.

The kinetic pattern for both DCE-MRI and CEUS was obtained using quantitative parame-
ters of the TIC generated by built-in software and Viewbox. The patterns were categorized
into persistent, plateau, or washout for both DCE-MRI and CEUS.

Each of the 71 lesions was categorized according to BI-RADS using combination of conven-
tional US and CEUS features with priority given to CEUS features when categorizing them
into BI-RADS. BI-RADS category 3 and 4A were considered as benign, and category 4B, 4C,
and 5 were considered malignant for the calculation of CEUS diagnostic efficacy.

HISTOPATHOLOGIC ANALYSIS

All histopathologic analysis was performed in consensus by two experienced pathologists.
The diagnosis of the additional MR-detected lesions was confirmed at histopathologic exami-

nation of the specimens obtained by either surgical resection or core needle biopsy.

STATISTICAL ANALYSIS

All statistical analysis was performed with statistical software (version 18.5., Medcalc for
windows; Ostend, Belgium).

The diagnostic performance of CEUS was analyzed by comparing CEUS BI-RADS category
to reference standard histopathology results. Sensitivity, specificity, PPV, and area under the
curve (AUC) were calculated.

Correlation of various CEUS and DCE-MRI features with malignancy was analyzed using
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Fisher exact test. The level of statistical significance was set at p value less than 0.05.

The degree of agreement between kinetic patterns of DCE-MRI and CEUS was analyzed by
using weighted kappa analysis. Weighted kappa values were interpreted as follows; 0-0.2
poor, 0.21-0.4 fair, 0.41-0.6 moderate, 0.61-0.8 good, and 0.81-1.0 excellent (14).

RESULTS

Of the 71 US-correlated additional MRI-detected lesions, 53 (75%) lesions were malignant
and 18 (25%) were benign. Among the 53 malignant lesions, there were 37 (71%) invasive
ductal carcinoma (IDC), 8 (15%) ductal carcinoma in situ (DCIS), 7 (13%) invasive lobular car-
cinoma (ILC), and 1 (0.5%) mucinous carcinoma (Table 1). The size of these lesions were as
follows; 0-0.5 cm (n = 6), 0.5-1 cm (n =44), 1-1.5cm (n = 14), 1.5-2cm (n =4), 2-2.5cm (n =
2),over2.5cm (n=1).

DIAGNOSTIC PERFORMANCE OF CEUS
There were 46 lesions categorized as BI-RADS 4B, 4C, or 5 by CEUS, and 45/46 lesions were

confirmed as malignant or true positive. Twenty-five lesions were categorized as BI-RADS 3 or
4A by CEUS, and 17/25 lesions were confirmed as benign or true negative. The sensitivity and
specificity was 84.9% and 94.4%, respectively. AUC was 0.897 and PPV was 97.8% (Table 2).

ASSOCIATION BETWEEN VARIOUS CEUS/DCE-MRI FEATURES AND MA-
LIGNANCY

There was statistically significant association between malignancy and the following fea-
tures; CEUS enhancement pattern, CEUS kinetic pattern, US shape, US margin, US echo, MRI

Table 1. Histopathology Results of Additional MR-Detected Lesions

Lesion Pathology Number (%)
Malignant 53(75)
IDC 37(70)
ILC 8(15)
DCIS 7(13)
Mucinous carcinoma 1(2)
Benign 18 (25)
Total 71(100)

DCIS = ductal carcinoma in situ, IDC = invasive ductal carcinoma, ILC = invasive lobular carcinoma

Table 2. Prospective Diagnostic Performance of Contrast-Enhanced Ultrasound for Second-Look Lesions

Measure Estimate
Sensitivity (%) 84.91
Specificity (%) 94.44
Positive predictive value (%) 97.83
Negative predictive value (%) 68.00
Area under the curve 0.897

https://doi.org/10.3348/jksr.2020.0115 893
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Table 3. Association between CEUS/Dynamic Contrast-Enhanced MRI Features and Malignancy

Feature Number p-Value
CEUS enhancement pattern 0.0005
Central 23
Peripheral” 48
CEUS kinetic 0.0001
Persistent 10
Plateau 13
Washout* 48
US shape 0.0002
Round 2
Oval 22
Irregular® 47
US orientation 0.07
Parallel 49
Non-parallel* 21
US margin 0.0018
Circumscribed 20
Indistinct* 34
Angular® 6
Spiculated* 11
US echogenicity 0.0173
Hypoechoic* 56
Hyper or isoechoic 12
Heterogeneous 2
US posterior feature 0.17
None 62
Shadowing* 8
Enhancement 1
MRI enhancement pattern <0.0001
Homogeneous 17
Heterogeneous* 48
Rim* 6
MRI kinetic <0.0115
Persistent 19
Plateau 15
Washout* 37
MRI shape 0.0001
Round 5
Oval 24
Irregular® 38
NME* 4
MRI margin <0.0001
Circumscribed 25
Irregular® 31
Spiculated* 11
NMET 4

*Malignant features.
TFour NME lesions on MRI were visualized as a mass morphology on US.
CEUS = contrast-enhanced ultrasound, NME = non-mass enhancement, US = ultrasound
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enhancement pattern, MR kinetic pattern, MR shape, and MR margin (all p value < 0.05) (Ta-
ble 3). US orientation and posterior features were not significantly associated with malignan-

cy (p=0.07 and p = 0.17, respectively).

KINETIC PATTERN AGREEMENT BETWEEN CEUS AND DCE-MRI
Overall, 56/70 (80%) evaluated lesions showed the same kinetic patterns between the two

modalities. The degree of agreement of kinetic patterns between CEUS and DCE-MRI was
good (weighted kappa = 0.66) (Table 4). The total number and percentage of benign and ma-
lignant lesions showing various kinetic patterns can be seen on Table 5.

For benign lesions, 16/18 (89%) nodules had correlating kinetic patterns between CEUS
and DCE-MRI. The degree of agreement was excellent with weighted kappa value of 0.84 (Ta-
ble 4). The 2 lesions that did not show the same kinetic pattern had persistent curve on DCE-
MRI and plateau curve on CEUS. All lesions that showed plateau or washout curves on DCE-
MRI had the same pattern on CEUS. An example of a benign lesion showing the same
persistent kinetic pattern in DCE-MRI and CEUS can be seen in Fig. 1.

For malignant lesions, 40/52 (77%) lesions displayed the same kinetic patterns on both DCE-
MRI and CEUS. The calculated weight kappa value was 0.38, showing fair agreement (Table
4). For malignant lesions showing washout patterns, all of them had same kinetic patterns
between CEUS and DCE-MRI (35/35, 100%). Persistent and plateau patterns in malignant le-
sions were poorly matched between the two modalities (6/18, 33%).

Table 4. Kinetic Pattern Agreement between Contrast-Enhanced Ultrasound and Dynamic Contrast-En-
hanced MRI for Additional MR-Detected Lesions

Lesion Pathology Agreement (%) Weighted Kappa Value
Total 56/70 (80) 0.66 (good)
Benign 16/18 (89) 0.84 (excellent)
Malignant 40/52 (77) 0.38 (fair)

IDC 34/37(92) 0.69 (good)

DCIS 3/8(38) 0.13 (poor)

ILC 3/7 (43) 0.15 (poor)

DCIS =ductal carcinoma in situ, IDC = invasive ductal carcinoma, ILC = invasive lobular carcinoma

Table 5. Kinetic Patterns on CEUS and DCE-MRI for Additional MR-Detected Lesions

Benign Lesion Number (%) Malignant Lesion Number (%)

CEUS kinetics

Persistent 9 (50) 1(2)

Plateau 7(39) 5(10)

Washout (11) 46 (88)
DCE-MRI kinetics

Persistent 11 (61) 8(15)

Plateau 5(28) 10 (19)

Washout 2(11) 34 (65)
Total 18 52

CEUS = contrast-enhanced ultrasound, DCE = dynamic contrast-enhanced
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Fig. 1. Abenign lesion, confirmed as usual ductal hyperplasia, in a 76-year-old female shows kinetic pattern
agreement between CEUS and DCE-MRI.

A. An enhancing lesion in the 10 o’clock portion of the left breast is noted on preoperative breast DCE-MRI
(yellow arrow).

B. Computer-aided detection for the quantitative kinetic pattern analysis of the lesion shows a type 1 per-
sistent kinetic curve.

C. This additional MR-detected enhancing lesion in the 10 o’clock portion of the left breast correlates on
second-look ultrasound (yellow arrow).

D. The quantitative kinetic pattern analysis of the second-look lesion on CEUS shows a type 1 persistent ki-
netic curve.

CEUS = contrast-enhanced ultrasound, DCE = dynamic contrast-enhanced

Kinetics
Curve peak: 136% (rapid, persistent)

Time (s)

In a subgroup analysis of different cancer types, 34/37 (92%) of IDC lesions showed good
agreement (weighted kappa = 0.69), 3/8 (38%) DCIS lesions showed poor agreement (weight-
ed kappa = 0.13), and 3/7 (43%) ILC lesions showed poor agreement (weighted kappa = 0.15)
(Table 4). An example of IDC lesion showing the same washout kinetic pattern in DCE-MRI
and CEUS can be seen in Fig. 2. Examples of ILC and DCIS lesions showing different kinetic

patterns can be seen in Fig. 3 and Fig. 4, respectively.

DISCUSSION

Breast MRI is regarded as an important diagnostic tool for the detection of unsuspected

breast lesions (15). Because of MRI’s low specificity, tissue confirmation is often required,
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Fig. 2. An invasive ductal carcinoma lesion in a 56-year-old female shows a kinetic pattern agreement be-
tween CEUS and DCE-MRI.

A. An enhancing lesion in the 10 o’clock portion of the left breast is noted on preoperative breast DCE-MRI
(yellow arrow).

B. Computer-aided detection for the quantitative kinetic pattern analysis of the lesion shows a type 3 wash-
out kinetic curve.

C. This additional MR-detected enhancing lesion in the 10 o’clock portion of the left breast correlates on
second-look ultrasound (yellow arrow).

D. The quantitative kinetic pattern analysis of the second-look lesion on CEUS shows a type 3 washout ki-
netic curve.

CEUS = contrast-enhanced ultrasound, DCE = dynamic contrast-enhanced

Kinetics
Curve peak: 193% (rapid, washout)

100
Time (s)

and second-look evaluation is usually done with conventional US (15). However, convention-
al US has its downfalls due to heterogeneous detection rate depending on the operator (4).
Our study prospectively showed that the diagnostic performance of CEUS, which utilizes
morphological and functional analysis, was excellent in differentiating benign from malig-
nant additional MR-detected breast lesions. AUC value was 0.897 in this study and is compa-
rable to AUC of 0.841 in another prospective CEUS study done for differentiating benign from

https://doi.org/10.3348/jksr.2020.0115 897
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Fig. 3. An invasive lobular carcinoma lesion in a 58-year-old female shows kinetic pattern disagreement be-
tween CEUS and DCE-MRI.

A. An enhancing lesion in the 9 o’clock portion of the right breast is noted on preoperative breast DCE-MRI
(yellow arrow).

B. Computer aided detection for the quantitative kinetic pattern analysis of the lesion shows a type 3 wash-
out kinetic curve.

C. This additional MR-detected enhancing lesion in the 9 o’clock portion of the right breast correlates on
second-look ultrasound (yellow arrow).

D. The quantitative kinetic pattern analysis of the second-look lesion on CEUS shows a type 2 plateau kinet-
iccurve.

CEUS = contrast-enhanced ultrasound, DCE = dynamic contrast-enhanced

Kinetics
Curve peak: 346% (rapid, washout)

Time (s)

malignant masses (16). CEUS features of malignant masses include heterogeneous enhance-
ment, centripetal enhancement, early strong enhancement, penetrating vessels, and perfu-
sion defects (16, 17). Its quantitative analysis also provides TIC. These additional informations
allow CEUS to significantly help in the diagnosis of additional MR-detected breast lesions.
Furthermore, previously reported prospective CEUS study performed with initially detect-
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Fig. 4. A ductal carcinoma in situ lesion in a 53-year-old female shows kinetic pattern disagreement be-
tween CEUS and DCE-MRI.

A. An enhancing lesion in the 12 o’clock portion of the right breast is noted on preoperative breast DCE-MRI
(yellow arrow).

B. Computer-aided detection for the quantitative kinetic pattern analysis of the lesion shows a type 1 per-
sistent kinetic curve.

C. This additional MR-detected enhancing lesion in the 12 o’clock portion of the right breast correlates on
second-look ultrasound (yellow arrow).

D. The quantitative kinetic pattern analysis of the second-look lesion on CEUS shows a type 3 washout ki-
netic curve.

CEUS = contrast-enhanced ultrasound, DCE = dynamic contrast-enhanced

Kinetics
Curve peak: 103% (rapid, persistent)

S 1500

= 1000
500
0
0 100
Time (s)

ed BI-RADS 4 and 5 lesions also showed good diagnostic performance in differentiating be-
nign and malignant breast lesions (16). Together, these results show that morphological and
functional analysis using CEUS for additional MR-detected breast lesions may provide added
benefits in future clinical practice.

The CEUS and DCE-MRI features assessed for association with malignancy in this study

https://doi.org/10.3348/jksr.2020.0115 899



Fod Al o|tty|x]

CEUS in Additional MR-Detected Nodule _ O

showed statistically significant association except for US orientation and posterior features.
This may have resulted due to small lesion size of our study samples, which were entirely
composed of additional MR-detected breast lesions.

Overall, there was good agreement between the kinetic patterns of DCE-MRI and CEUS for
additional MR-detected lesions. This is probably because the majority of the evaluated le-
sions were composed of IDCs and benign lesions, which eventually displayed high degree of
agreement between the two modalities in subgroup analyses.

There was poor agreement between kinetic patterns of DCE-MRI and CEUS for DCIS and
ILC lesions. The discordance in DCIS may be attributed to the widely significant variability of
MR enhancement kinetics of DCIS which display all persistent, plateau, and washout pat-
terns (18). DCIS also predominantly exhibits non-mass morphology with clumped or hetero-
geneous enhancement with segmental or linear distribution (19). This nature of DCIS may
also have contributed to poor agreement by posing technical difficulties in drawing reliable
regions of interest (ROIs) for kinetic pattern assessment on CEUS. More than half of DCIS le-
sions were composed of NMEs in our study.

As for ILC lesions, the poor agreement may be attributed to low blood vessel permeability
and variable microvasculature (20). ILC shows markedly lower expression of vascular endo-
thelial growth factor (VEGF) (also known as vascular permeability factor) compared to IDC,
resulting in relatively slower enhancement and longer time-to-peak (20). This slow enhance-
ment where permeability of vessels in tumor and normal breast tissue are nearly same, may
have led to different kinetic patterns depending on the modality. VEGF also contributes to an-
giogenesis and lower levels of expression may lead to variable microvasculature in ILC (20).

The poor agreement of persistent and plateau kinetic enhancement patterns compared to
washout patterns among malignant lesions is probably due to large proportion of these type
1 and 2 curves being seen in ILC and DCIS lesions.

There were several limitations in our study. First, the study sample size was small. Howev-
er, due to this study being a prospective investigation, results may still be a meaningful step
for further research. Second, manual selection of ROIs on CEUS kinetic assessment may
have led to inconsistent results. Lastly, CEUS image interpretation was done in consensus by
two radiologists instead of performing individual analysis with inter-observer agreement,
which may have improved the reliability. However, because there aren't established stan-
dardized protocol of interpreting CEUS images, consensus agreement was done.

In conclusion, prospectively evaluated diagnostic performance of CEUS for additional MR-
detected breast lesions was excellent. Accurate kinetic pattern assessment that is fairly com-
parable to DCE-MRI can be obtained for benign and IDC lesions by using CEUS. Therefore,
CEUS may have added value in clinical practice by providing alternative method of assess-

ment in preoperative breast cancer patients with additionally detected lesions.
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