
Abstract. Background/Aim: To clarify the diagnostic utility
of third-look, contrast-enhanced ultrasonography (CEUS)
for MRI-detected breast lesions undetectable by
unenhanced, second-look ultrasonography (MRI+/US–
lesions). Patients and Methods: Clinical stage 0–IIA breast
cancer patients who underwent CEUS for incidental
MRI+/US– lesions (n=27; cohort 1) and patients with
breast lesions detected only by MRI, to be examined by
CEUS (n=15; cohort 2), were retrospectively analyzed.
Results: Of the 42 MRI+/US– lesions, 23 (55%) were
detected by CEUS and then examined by needle biopsy.
Pathological examination showed that 10 of these 23 lesions
were malignant. None of the 19 lesions undetected by CEUS
were found to be histologically malignant or developed
malignancy with a median follow-up of 18.5 months. The
accuracy, sensitivity, and specificity of CEUS plus needle
biopsy were 98%, 91%, and 100%, respectively. Conclusion:
Third-look CEUS followed by needle biopsy is useful in the
initial diagnosis of MRI+/US– lesions.

Contrast-enhanced magnetic resonance imaging (MRI) of the
breast is a useful tool for precise evaluation of a spreading
tumor and plays an important role in the preoperative
planning of breast-tissue resection margins. It is reported that
preoperative bilateral breast MRI examination helps reveal
contralateral breast cancer undetectable by other modalities
such as mammography and ultrasonography (US) and

contributes to the decrease of contralateral breast cancer
recurrence (1), but whether MRI decreases ipsilateral breast
cancer recurrence after breast-conserving surgery is
controversial (2, 3).

Conventionally, it is pointed out that breast MRI shows
a high sensitivity and a low specificity (4). Lesions
detected by breast MRI are usually examined by second-
look US, with various detection rates (5). Frequency of
malignancy of “probably benign lesions” detected by breast
MRI (BI-RADS category 3) is reported to be very low but
not zero (6). At present, there is no consensus about the
management of such lesions, that is, MRI-guided biopsy or
regular follow-up with MRI, when such lesions are
undetectable by second-look US. On the other hand, MRI-
guided biopsy is usually indicated for MRI-detected breast
lesions, “suspicious for malignancy” (BI-RADS category
4), and “highly suggestive of malignancy” (BI-RADS
category 5) (7, 8). The European Society of Breast Imaging
(EUSOBI) guidelines recommend that MRI should be
offered by the institutions where MRI-guided biopsy is
available or by those that closely connect with such
institutions (9). However, MRI-guided biopsy is expensive
and time consuming, and thus available only in a limited
number of institutes in Japan.

Recently, new methods, such as real-time virtual
sonography and contrast-enhanced US (CEUS), using
SonoVue® (Bracco S.p.A., Milan, Italy), applied to a limited
number of patients (n=10) have been reported to be useful
for the diagnosis of suspicious lesions detected by breast
MRI (10, 11). CEUS, using perflubutane microbubble
(Sonazoid®; Daiichi-Sankyo, Tokyo, Japan), with a mean
diameter of 2-3 μm is reported to demonstrate a superiority
over unenhanced US in terms of differential diagnosis of
breast lesions, with no severe adverse events (12). In the
present study, the diagnostic utility of CEUS was
retrospectively investigated by Sonazoid® and CEUS-guided
needle biopsy for breast MRI lesions undetectable by
unenhanced second-look US.
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Patients and Methods

Patients. Patients with clinical stage 0-IIA primary breast cancer
who underwent third-look, contrast-enhanced US (CEUS) for MRI-
detected incidental lesions (BI-RADS category 3–5) which were not
detected by unenhanced, second-look US (MRI+/US– lesions)
(n=27; cohort 1) and patients with only MRI+/US– breast lesions
who underwent third-look CEUS for the index lesions (BI-RADS
category 3-4) (n=15; cohort 2) between June 2015 and October
2017 at Osaka University Hospital were retrospectively analyzed in
this study. Clinical and radiological findings, including age, clinical
stage, symptoms associated with MRI+/US– lesions, positional
relationship of MRI+/US– lesions with index tumors, and MRI BI-
RADS classifications are shown in Table I. This retrospective
observational study was approved by the institutional review board
of Osaka University Hospital (approval number 17299).

Breast MRI examination. All MR images were acquired with a 1.5-T
or 3.0-T unit in the prone position using a standard dedicated breast
array coil at our hospital (n=27) and the other institutes (n=15). For
each examination, T1-weighted dynamic contrast MR images were
analyzed for this study, including one unenhanced and three
contrast-enhanced sequences after a rapid intravenous bolus
injection of a gadolinium-containing contrast agent, using a three-
dimensional (3D), T1-weighted, fat-saturated gradient echo
sequence. MRI-detected lesions were classified into BI-RADS MRI
categories (13) by one radiologist at each institution and, in
addition, two breast specialists at our hospital.

Contrast-enhanced US and pathological diagnostic procedure. After
perflubutane microbubble (Sonazoid®; Daiichi-Sankyo, Tokyo,
Japan) was injected intravenously, the suspected breast area with the
MRI+/US– lesion was examined by CEUS, using Logiq E9 with
XDclear® (GE Healthcare, Tokyo, Japan) (14). When the CEUS
detected MRI+/US– lesions, the patients underwent needle biopsy
such as US-guided, vacuum-assisted biopsy (VAB; n=21) or fine-
needle aspiration cytology (FNAC; n=2) for pathological diagnosis.

Statistical analysis. Diagnostic accuracy of CEUS alone or CEUS
followed by needle biopsy for MRI+/US– lesions was evaluated by
the following parameters: accuracy, sensitivity, and specificity. Of the
42 lesions, 20 were surgically resected, and final pathological
diagnosis, that is, benign or malignant, was made on the surgical
specimens, and 22 were not resected but regularly followed up. If the
lesions were followed up for more than 12 months with no evidence
of malignancy, they were considered benign in the calculation of
diagnostic accuracy (15). Regular follow-up was performed by
physical examination at 3-6-month intervals, annual mammography,
and by US in at least 6 months intervals with or without breast MRI. 

JMP® PRO 14 software (SAS Institute Inc., Cary, NC, USA) was
used for all statistical analyses. Associations between the two
parameters were analyzed using Fisher’s exact test. p-Values <0.05
were determined to be statistically significant.

Results

Preoperative diagnosis of MRI-detected lesions. Clinical and
radiological findings of the 42 MRI+/US– lesions are shown
in Figure 1. CEUS detected 55% (23/42) of these lesions. Of

the 42 lesions, 10 (24%) were diagnosed as malignant
preoperatively by VAB (n=9) or FNAC (n=1). Finally,
following surgery, 3 of the 10 lesions were diagnosed as
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Table I. Clinical and radiological findings of patients in cohort 1 and
cohort 2.

                                                                  Cohort 1                 Cohort 2
                                                                   (n=27)                    (n=15)

Age (year)
   Median (range)                                    50 (33-84)              41 (34-64)
Clinical stage (main tumor)
   0                                                                   8                              -
   I                                                                   13                             -
   IIA                                                                6                              -
Symptom associated 
with MRI lesion
   None                                                           25                            9
   Abnormal nipple discharge                        2                             5
   Induration                                                    0                             1
MRI lesion size (mm)
   Median (range)                                 6.0 (2.0-60.0)        13.0 (2.0-45.0)
Positional relationship of 
MRI lesion with main tumor
   Ipsilateral (same segment)                      11 (5)                          -
   Contralateral                                               16                             -
MRI BI-RADS category
   3                                                                  15                            3
   4                                                                  11                           12
   5                                                                   1                             0

MRI: Magnetic resonance imaging; BI-RADS: Breast Imaging
Reporting and Data System.

Table II. A comparison between pathological diagnoses by needle
biopsy and surgical specimen of MRI+/US– lesions.

                                                                      No. of patients

                                                          Needle                     Surgical 
                                                          biopsy                     specimen

Malignant
  Invasive lobular carcinoma                1                                1
  Mucinous carcinoma                          1                                1
  DCIS                                                   7                                7
  FNAC, positive                                  1               1 mucinous carcinoma
Benign
  Intraductal papilloma                         1                             N.R.
  Usual ductal hyperplasia                   3                             N.R.
  Flat epithelial atypia                          1                             N.R.
  Fibrocystic disease                             2                             N.R.
  Fibroadenomatous lesion                   1                             N.R.
  Normal breast                                     4                    1 DCIS, 3 N.R.
  FNAC, negative                                  1                             N.R.

DCIS: Ductal carcinoma in situ; FNAC: fine needle aspiration cytology;
N.R.: not resected.



invasive breast carcinomas and 7 of them as ductal
carcinomas in situ (DCIS). Representative cases of
MRI+/US– lesions that were detected by third-look CEUS
but not by second-look US are shown in Figure 2.

Of the 13 MRI+/US– lesions diagnosed as benign by
CEUS-guided biopsy, one was finally diagnosed as DCIS by
microdochectomy performed due to the continuing bloody
nipple discharge after CEUS-guided VAB. With respect to
the other 12 MRI+/US– lesions, none of them were resected
but were followed up for a median of 29.5 months
(range=13-42 months), without an evidence of malignancy.
A comparison between the pathological diagnoses by needle
biopsy and surgical specimen of MRI+/US– lesions is shown
in Table II. 

On the other hand, of the 19 MRI+/US– lesions not
detected by CEUS, nine were finally diagnosed as benign
after surgery, and 10 were not resected but followed up for
a median of 18.5 months (range=14-31 months) with no
evidence of malignancy.

Positional relationship of MRI+/US– lesion with index tumor
in cohort 1. In cohort 1, all of the MRI+/US– lesions were
identified as incidental lesions by preoperative MRI for
primary breast cancer. Positional relationship of MRI lesions
with index tumor as well as correlation of preoperative with

postoperative pathological diagnosis of these incidental
lesions are shown in Table III. Five MRI+/US– lesions were
in the same quadrant as the index tumor, and six were in a
different quadrant from the index tumor; 16 were in the
contralateral breast. All of the MRI+/US– lesions diagnosed
as malignant by CEUS-guided needle biopsy proved to be
malignant by pathological analysis of the surgical specimens.

Identification rate of MRI+/US– lesions by CEUS and their
preoperative pathological diagnosis according to MRI BI-
RADS category. MRI+/US– lesions included 18 category 3
lesions, 23 category 4 lesions, and one category 5 lesion,
according to BI-RADS classification (Table IV). A
significantly higher identification rate of the MRI+/US–
lesions by CEUS was observed in category 4/5 lesions than
in category 3 lesions (79% vs. 22%, p<0.05), and final
pathological diagnosis as malignant was significantly more
frequent in the category 4/5 lesions than in the category 3
lesions (42% vs. 6%, p<0.05).

Diagnostic accuracy of CEUS alone or CEUS followed by
needle biopsy for MRI+/US– lesions. Comparison of
CEUS alone and CEUS followed by needle biopsy for
MRI+/US– lesions with regard to the final diagnosis is
shown in Table V. As for CEUS alone, accuracy,
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Figure 1. Flow chart of diagnostic process of MRI+/US– lesions by CEUS-guided biopsy. Forty-two MRI+/US– (MRI-detectable/US-undetectable)
lesions in 42 patients were included in this study. Of them, 23 lesions were detectable and 19 were undetectable by CEUS. The CEUS-detected
lesions received VAB (n=21) or FNAC (n=2). VAB revealed two invasive and seven non-invasive cancers and 12 benign diseases, and FNAC revealed
one invasive cancer and one benign disease. *One patient continued bloody nipple discharge after CEUS-guided VAB and then underwent
microdochectomy of the lesion, which was finally diagnosed as noninvasive cancer. **One FNAC-positive MRI+/US– lesion turned out to be a
mucinous carcinoma based on the pathological examination of the surgical specimen. MRI: Magnetic resonance imaging; CEUS: contrast-enhanced
ultrasonography; VAB: vacuum-assisted biopsy; FNAC: fine-needle aspiration cytology.



sensitivity, and specificity were 71% (30/42), 100%
(11/11), and 61% (19/31), respectively, and, for CEUS plus
needle biopsy, they were 98% (41/42), 91% (10/11), and
100% (31/31), respectively.

Discussion

The present study retrospectively investigated the diagnostic
utility of third-look CEUS and CEUS-guided needle biopsy
for MRI+/US– lesions. As a result, CEUS identified 55% (23
in 42) of the MRI+/US– lesions, and CEUS-guided
VAB/FNAC diagnosed 43% of them (10 in 23) as breast
cancers. In addition, of these 10 malignant lesions, three
(30%) were invasive diseases, consistent with the Tozaki et
al. report that MRI-guided needle biopsy for 102 MRI+/US–
lesions revealed 34 breast cancers (33%) in which 6 lesions
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Figure 2. Case presentation. A: Breast contrast-enhanced MRI of a 34-year-old female patient with the symptom of left bloody nipple discharge
showed an 8 mm size mass at a distance of 12 mm from the left nipple toward the 4 o’clock direction (yellow arrow). Second-look US did not show
obvious abnormalities in the suspected area of the MRI+/US– lesion, and third-look CEUS was performed subsequently. B: Paralleled display of
third-look CEUS demonstrated that the MRI+/US– lesion was not detected in a normal B-mode setting. C: It was detected clearly as a 6 mm size
enhanced mass in a CEUS-mode setting (white arrow). Third-look CEUS-guided VAB revealed that the MRI+/CEUS- lesion was a low-grade DCIS.

Table III. Frequency of patients with malignant tumors in MRI+/US–
lesions, according to their positional relationship to index tumors in
cohort 1.

                                          No. of                     No. of patients with 
                                         patients                       malignant lesions

                                                               Preoperative                   Final 
                                                                 diagnosis*                  diagnosis

Ipsilateral                            11                   3 (27)                        3 (27)
  Same quadrant                   5                    0                                0
  Different quadrant             6                    3                                3
Contralateral                       16                   4 (25)                        5 (31)**

MRI: Magnetic resonance imaging. *Diagnosis by CEUS-guided core
needle biopsy. **One patient with the symptom of bloody nipple
discharge was diagnosed as DCIS by microdochectomy, which was
performed at the same time as the operation for the index tumor.

Table IV. Identification rate of MRI-detected, but not second-look US-
detected lesions by CEUS and their preoperative pathological
diagnosis, according to MRI BI-RADS category.

MRI BI-RADS          No. of             Identification           Frequency of 
category                     patients                 rate (%)                  cancer (%)

3                                     18                       4 (22)                        0 (0)*
4                                     23                     18 (78)                        9 (39)
5                                       1                       1 (100)                     1 (100)

MRI: Magnetic resonance imaging; CEUS: contrast-enhanced
ultrasonography. *One benign lesion diagnosed by core needle biopsy
was later upgraded to DCIS by microdochectomy performed due to
continuous bloody nipple discharge.

Table V. Comparison of CEUS alone and CEUS plus core needle biopsy
with final diagnosis of MRI+/US– lesions.

                                                                             Final diagnosis

                                                                  Malignant                 Benign

CEUS alone
  Detected                                                       11                           12
  Undetected                                                     0                           19
CEUS plus needle biopsy
  Malignant                                                     10                             0
  Benign                                                            1                           31

CEUS: Contrast-enhanced ultrasonography.



(18%) were invasive cancers (16). The presence of invasive
cancer with a significant frequency in the MRI+/US– lesions
seemed to indicate a clinical importance of biopsy of such
lesions as well as of development of a more convenient
method than MRI-guided biopsy such as the CEUS-guided
biopsy presented in this study. In addition, in cohort 1, each
MRI+/US– lesion that CEUS-guided VAB/FNAB determined
to be malignant was located in a different quadrant of the
ipsilateral breast from the index tumor, or in the contralateral
breast. This result indicates that CEUS followed by needle
biopsy contributes to the decision making of operation
methods for breast cancer.

In recent years, Nykanen et al. first reported that CEUS
detected 50% of a limited number of MRI+/US– breast

lesions (n=10) and that CEUS-guided needle biopsy or
surgical resection diagnosed 80% of them as malignant (11).
The rate of malignancy diagnosed by CEUS-guided biopsy
was higher in the Nykanen study than in our study, whereas
the identification rate of MRI+/US– lesions was similar
between the two studies. This difference in the rate of
malignancy may be explained by the fact that their study
included only malignant or suspicious (i.e., BI-RADS
category 4-5) MRI lesions, whereas our study included BI-
RADS category 3 lesions as well as BI-RADS category 4
and 5 lesions. Indeed, in the present study, BI-RADS
category 4-5 lesions showed a significantly higher rate of
malignancy (42%, 10 in 24) than BI-RADS category 3
lesions (6%, 1 in 18) (p<0.05).
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Figure 3: Diagnostic decision tree for the current management of MRI+/US– lesions. A decision tree for the current management of MRI+/US–
lesion is proposed. For MRI+/US– lesions, third-look CEUS is preferred to MRI-guided biopsy as the initial diagnostic procedure. If CEUS detects
an MRI+/US– lesion, CEUS-guided needle biopsy should be performed. For MRI+/US– lesions determined to be malignant by means of CEUS-
guided biopsy, treatment for breast cancer is provided. For MRI+/US– lesions determined to be benign by means of CEUS-guided biopsy, regular
follow-up is recommended. If the third-look CEUS cannot detect category 4/5 MRI+/US– lesions, MRI-guided needle biopsy should be considered.
Regular follow-up can be offered for BI-RADS category 3 lesions undetectable by third-look CEUS. *The possibility of omission of MRI-guided
biopsy for category 4 MRI+/US– lesions being undetected by third-look CEUS should be investigated in a future study. CEUS: Contrast-enhanced
ultrasonography; BI-RADS: Breast Imaging Reporting and Data System; MRI: magnetic resonance imaging.



Of the patients whose MRI+/US– lesions were
diagnosed as benign by CEUS-guided VAB/FNAC (n=13),
one patient underwent additional microdochectomy for the
diagnosis of a BI-RADS category 3 lesion, because bloody
nipple discharge continued, which may indicate the
possibility of a sampling error, and the lesion was finally
diagnosed as DCIS. However, all of the remaining 12
MRI+/US– lesions were followed up with no clinical
evidence of malignancy. Of the 19 MRI+/US– lesions
undetectable by third-look CEUS, nine lesions that were
resected and pathologically evaluated, showed no
abnormal findings. In addition, the remaining 10
MRI+/US– lesions were followed up with no evidence of
clinical malignancy.

Our results demonstrated that CEUS followed by needle
biopsy could achieve a high sensitivity (91%) and specificity
(100%) in the diagnosis of MRI+/US– lesions, and even
CEUS alone could achieve a high sensitivity (100%) with a
lower specificity (61%). It is important that none of the
CEUS-undetected, MRI+/US– lesions (BI-RADS category
3/4) were found to be malignant, suggesting that such lesions
can be followed up without MRI-guided biopsy. Thus, the
third-look CEUS for MRI+/US– lesions may appear to
contribute to a reduction of the number of MRI-guided
biopsies, especially in BI-RADS categories 3–4 MRI+/US–
lesions even though the number of patients included in the
present study is limited.

Based on the results of the present study, a proposal of
the decision tree for the current management of
MRI+/US– lesions is shown in Figure 3. For MRI+/US–
lesions, third-look CEUS is preferred to MRI-guided
biopsy as an initial diagnostic procedure. When CEUS
detects MRI+/US– lesions, CEUS-guided needle biopsy
should be performed. For MRI+/US– lesions that CEUS-
guided biopsy found to be benign, regular follow-up is
recommended. If third-look CEUS cannot detect category
4/5 MRI+/US– lesions, MRI-guided needle biopsy should
be considered, due to a high probability that the lesions
are malignant. The possibility of omission of MRI-guided
biopsy for category 4 MRI+/US– lesions being undetected
by third-look CEUS should be investigated in a future
study. Regular follow-up can be offered for asymptomatic
BI-RADS category 3 lesions undetectable by third-look
CEUS.

In conclusion, our results suggest that third-look CEUS
and CEUS-guided VAB/FNAC are useful diagnostic tools for
breast MRI+/US– lesions and are more easily available in
most hospitals than MRI-guided VAB. However, CEUS-
guided needle biopsy cannot replace the MRI-guided needle
biopsy completely, because CEUS could not detect all the
MRI+/US– lesions. We propose a decision tree for the
current management of MRI+/US– lesions, including CEUS
followed by CEUS-guided needle biopsy as an initial

diagnostic procedure, which may contribute to decreasing the
number of MRI-guided biopsies. To confirm our present
findings on the value of CEUS plus needle biopsy, further
study, including more patients with a longer follow-up
period, is needed.
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