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ABSTRACT

Objective: The aim is to show ultrasound (US) findings of additional malignant lesions 
of breast carcinoma visualized on targeted second-look US that were not identified 
by mammography or US prior to the time of diagnosis. Materials and Methods: 
A double-blind retrospective review of the US results from January 2008 through 
August 2010 of 228 patients with known breast cancer was conducted by two expert 
radiologists. The focus of the review was on the second-look US characteristics 
(following BI-RADS criteria) of 26 documented additional malignant lesions of 
the 76 with successful sonographic correlation from the 123 lesions detected 
by  magnetic resonance imaging (MRI). All of them, before the MRI, had an initial 
mammography and a US with a histopathological biopsy of the primary lesion. 
Results: Approximately 60 to 70% of the findings were classified as BI-RADS 2 and 
BI-RADS 3, while assessing the final US category. The review of the second-look 
US showed the size of the second malignant additional lesion ranged from 3 to 22 
mm, of which 90% were smaller than 10 mm and 66% were smaller than 7 mm. 
Conclusions: Most additional malignant lesions, nonpalpable carcinomas, which 
were previously not detected by mammography and US at first-look diagnosis, were 
detected by a targeted second-look US examination. These lesions were of category 
BI-RADS 2 and BI-RADS 3 and smaller than 7 mm.
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INTRODUCTION

Breast magnetic resonance imaging (MRI) offers the 
highest sensitivity of all breast modalities.[1-3] When 
MRI identifies lesions not previously detected on 
conventional imaging, additional investigations may 
be required to rule out malignancy.[4] Second-look 
ultrasound (US) is a technique that can be used to 
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perform a re-evaluation of the breast after review of 
the MRI findings.

Few published articles, among the most recently 
reviewed literature, include findings from targeted US of 
malignant lesions. In the present study, the sonography 
correlation was found to be 62% (76 of 123), of which 
66% (50 of 76) were found to be benign lesions and 34% 
(26 of 76) were found to be malignant. Of the malignant 
lesions, 70% were correlated sonographically. The 
conclusion based on these results is that most additional 
malignant lesions found during targeted US are small in 
size and nonspecific.

The purpose of this study was to analyze second-look US 
features of malignant lesions that were not previously 
detected based on the results of mammography or US 
conducted prior to the time of diagnosis.

MATERIALS AND METHODS

A retrospective study was conducted from January 2008 
through August 2010. The MRI reports of 228 patients 
with known breast tumors were selected and reviewed. 
Included in the review were lesions that were visible by MRI, 
nonpalpable, and occult during mammography and first-
look US. The correlation with second-look US was studied. 
Pathological reports were reviewed to select malignant 
lesions and retrospectively examined for US second-look 
features [Figure 1].

Additionally, benign lesions (all smaller than 5 mm) were 
confirmed using US-guided biopsy or upon review of 
pathological reports after surgery (of lesions located close 
to the principal cancer) and by follow-up MRI conducted 
after six months and most after one year. No evidence of 
malignancy was found during these follow-up studies.

MRI examinations were performed using a 1.5 T GE Signa 
Excite with an 8-channel breast coil with the following 
specifications:
•	 T1-weighted	(TR/TE	400/10ms)	Fast	Spin	Echo	(FSE)	axial	

images

•	 T2-weighted	FSE	axial	images	with	fat	suppression 
(TR/TE 4400/85ms), with a slice thickness of 4 mm 
(spacing 1 mm)

•	 Acquisition	time	was	5	minutes	for	each	sequence

For a contrast-enhanced dynamic series, a three-
dimensional gradient echo-pulse (3D GRE) sequence 
(sagittal VIBRANT multiphase, flip angle = 10º), with a slice 
thickness of 2.5 mm was used; one precontrast and five 
postcontrast acquisitions were obtained sequentially, 1.20 
minutes each, with a total acquisition time of 7.20 minutes.

Included was a postcontrast axial 3D GRE sequence, with a 
slice thickness of 2 mm. The total acquisition time was 4.5 
minutes for this final sequence.

US examinations were performed using a 7 to 12-MHz 
linear-array transducer on a HD11 XE (Philips Healthcare) 
scanner.

A total of 123 new MRI lesions not previously detected 
were observed.

Included was a focus or foci near the index lesion or in 
a different quadrant with suspicious kinetics, such as a 
rapid uptake or washout and mass-like and non-mass-like 
enhancement with any type of kinetics. Multiple bilateral 
foci were excluded.

One investigator selected representative sonographic 
images for each pathologically proven malignant lesion. 
Subsequently, two radiologist, experts in breast imaging 
(experience ranging from 3-12 years, 7.5 years on average), 
conducted a double-blind retrospective analysis to 
describe the US features: Shape (round or oval, irregular), 
orientation (parallel, non-parallel), margin (circumscribed, 
noncircumscribed, angular, microlobulated, spiculated), 
echo pattern (hypoechoic, isoechoic), lesion boundary 
(abrupt interface, echogenic halo), and posterior acoustic 
features (no posterior acoustic shadowing, posterior 
acoustic shadowing).[5]

Each investigator was then asked to give a BI-RADS-ACR 
final assessment score for each  lesion.[6] BI-RADS category 0, 
1, and 6 were excluded, and Kappa statistics were calculated 
to assess the interobserver agreement proportion using the 
Epidat System 3.1, where a value of k = 1 indicates perfect 
agreement.[7,8]

RESULTS

A total of 123 new MRI lesions not previously detected 50 
were observed. US correlation was established in 62% (76 
of 123) of the lesions, with 66% of these (50 of 76) being Figure 1: Flow chart of the study.
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benign and 34% (26 of 76) malignant [Figure 2]. A relatively 
high degree of interobserver agreement was obtained for 
BI-RADS lexicon, even for those lesions that tended to be 
nonspecific [Table 1].

The descriptions of shape and lesion boundary were 
the most discordant between observers. During the 
retrospective analysis, 62% and 92% of the lesions were 
described as oval or round [Figure 3], and 77% and 
96% of the lesions were described as abrupt interface 
[Figure 4]. Moderate agreement in describing orientation 
was obtained, with 62% and 85% of the lesions described 
as parallel [Figure 5]. High agreement was obtained in 
describing echogenicity with 62% and 73% of the lesions 
described as hypoechoic [Figure 6]. Near-perfect agreement 
was obtained in describing margin with 62% and 65% of the 
lesions described as well-circumscribed [Figure 7].

Classic malignant finding were often not present, with 
only 4 to 8% showing posterior acoustic shadowing, 19 to 
30% presenting an uncircumscribed margin, and 4 to 23% 
presenting an echogenic halo. Therefore, a considerable 
number of malignant lesions detected by MR-directed 
US examination were nonspecific and without malignant 
features.

In assessing the final category, including subclassification 
of category 4 into 4a, 4b, and 4c, the overall agreement 
was very high. Kappa statistics were calculated with a 
resulting value of k = 0.81 (IC95% = 0.615-0.999), where 
k = 1 corresponds to complete agreement. Among the 26 
lesions that were subsequently found to be malignant, 61 
to 69% had a benign (BI-RADS US 2) or probably benign 
(BI-RADS US 3) sonographic appearance and 31 to 38.4% 
were described as BI-RADS US 4a. In one case per observer, 
a lesion was categorized as BI-RADS 4c [Figure 8].

The sizes of the lesions were analyzed using US. The results 
showed a mean value of 6.78 mm (range, 3-22 mm). 90% 
of the lesions were smaller than 10 mm, and two-thirds of 
the lesions were smaller than 7 mm [Figure 9].

Concerning MRI findings, sonographic correlation was 
established in 57.69% of the mass lesions, 26.92% of the foci, 
and 15.38% of the non-mass lesions. The MRI appearance 
of the lesions was mostly mass-like enhancement, and the 
dimensions were smaller than 10 mm [Figure 10].

Regarding histopathology findings, 44.4% (12 of 26) of the 
malignant lesions observed through second-look US were 
infiltrating ductal carcinoma, 29.6% (8 of 26) of the lesions 
were found to be carcinoma ductal in situ, and 11.11% (3 of 26) 
were found to be infiltrating carcinoma and carcinoma in situ.

Table 1: Comparison of US features noted by two observers
Ultrasound 
feature

Radiol-
ogist 1

% Radiol-
ogist 2

% Kappa

Shape 0.2353 (-0.05-
0,52) P:0.1

Oval or round 16 62% 24 92%
Irregular 10 38% 2 8%

26 26
Orientation 0.5527 (0.24-

0.87) P:<0.001
Parallel 16 62% 21 81%
Not parallel 10 38% 5 19%

26 26
Margin 0.9172 (0.63-

1.0) P:<0.001
Circumscribed 16 62% 17 65%
Non-circum-
scribed

5 19% 8 31%

Indistinct 0 0% 1 4%
Angular 1 4% 0 0%
Microlobulated 3 12% 0 0%
Spiculated 1 4% 0 0%

26 26
Echo pattern 0.7417 (0.48-

1.0) P:<0.001
Hypoechoic 16 62% 19 73%
Isoechoic 10 38% 7 27%
Other 0 0% 0 0%

26 26
Lesion boundary 0.2353 (-0.15-

0.62) P=0.06
Abrupt interface 20 77% 25 96%
Edchogenic halo 6 23% 1 4%

26 26
Posterior acous-
tic features

0.6486 (0.02-
1.0) P:<0.001

No posterior 
acoustic fea-
tures

25 96% 24 92%

Posterior acous-
tic shadow

1 4% 2 8%

26 26

Figure 2: US correlation of 123 new MRI lesions not previously suspected.
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DISCUSSION

Targeted US studies are an essential complement to 
breast MRI to investigate indeterminate and suspicious 
f indings. [9-11] In the present study, sonographic 
correlation was established in more than 62% (76 of 
123). The results are in agreement with other studies 
in which the rate of incidental MRI findings detected 
by second-look US was reported to vary between 23 
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Figure 3: Shape: Oval sonographic appearance of infiltrating ductal carcinoma.

Figure 7: Margin: A round lesion with well-defined margin not suspected of 
malignancy. Core biopsy showed malignant histology.

Figure 5: Orientation: Lesion parallel to skin that mimics a fat lobule. Ductal 
carcinoma in situ and infiltrating ductal carcinoma were confirmed by core 
biopsy.

Figure 4: Lesion boundary: This malignant lesion shows an abrupt interface.

Figure 6: Echogenicity: Hypoechoic lesion, infiltrating ductal carcinoma was 
obtained at histology.

and 89% according to patient selection.[10-16] It should 
be noted that physicians in the present study perform 
whole-breast US before MRI, which might have affected 
the results.

For malignant lesions, 70% were sonographically correlated, 
which coincides with the results of a recent study performed 
by Hiroyuki Abe et al[11] Of the lesions that were visible on 
second-look sonography, 34% (26 of 76) were histologically 
proven carcinomas, which was a higher percentage than 
malignant lesions without sonographic correlation, 23% 
(11 of 47). These results are in agreement with observations 
made by others where percentages varied between 9 
and 27%. The present study comprised patients with 
previously identified breast cancer and did not include 
results from high-risk screening MRI examinations or 
results for patients with other than extent of disease. In 
addition, any enhancement other than the main tumor 

Figure 8: Distribution of final BI-RADS categories of the 26 lesions with US 
malignant characteristics described by Radiologist 1 and Radiologist 2
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(including satellite lesions next to the cancer) was included, 
potentially inflating the number of new cancers observable 
sonographically and with occult US.

Only a limited number of published articles among the 
recently reviewed literature included a check for findings 
of targeted US of malignant lesions. The results of the 
present study are comparable with those of the recent 
study conducted by Hiroyuki Abe et al, in which lesions 
appeared nonspecific and subtle and, in most cases, 
without malignant features.[11]

In the present study, a large number of malignant lesions 
detected during MRI-directed US examination, between 
60 and 70%, were initially classified as benign (BI-RADS 2) 
or probably benign (BI-RADS 3), and only a few presented 
some malignant characteristics. The most discordant 
classifications were made for shape description and 
lesion boundary, most probably due to the small lesion 
size. The median size of second-look US malignant lesions 
was 6.78 mm. Comparatively, this mean varied between 
8 and 13 mm in other studies.[10,11] The detection rate 
using second-look US was higher for mass-like MRI lesions 

(57.69%), although this area deserves additional studies. 
The present study only included the review of MRI reports.

The main limitation of the present study was that MRI-
Guided biopsy was not practised. In the absence of US 
correlation, the presence of a tumor cannot be ruled 
out. Various techniques are used where there is a high 
level of suspicion.[12] Of the 11 lesions that were found 
to be malignant and that were not detected using US 
(seven multifocal lesions and four multicentric lesions), 
wide lumpectomy was recommended in four cases. Wide 
lumpectomy and quadrantectomy were recommended 
in one case. Mastectomies were recommended in the 
remaining six cases, where the principal cancer was 
sufficiently massive to justify this approach or where 
multicentric cancer was previously demonstrated and 
mastectomy had been justified.

Other limitations in the present study include the following: 
US is an operator-dependent technique, and transverse and 
longitudinal US images were not available in all cases. Color 
flow features were not used, as this was a retrospective 
study and color flow imaging was available in only a few 
cases. The correlation between the MRI and US results 
were not exact in all cases, despite setting the following 
strict criteria: “After a correlate has been found and 
percutaneous biopsy performed, we recommend obtaining 
a T1-weighted noncontrast MRI sequence to verify metallic 
marker placement at the site of biopsy. This step ensures 
correct correlation between imaging modalities, provides 
immediate feedback for the radiologist, and, in case of error, 
allows the patient to be immediately redirected to repeat 
biopsy” (Trop et al[4]) or radio-guided surgery, if considered 
necessary.

Clinical relevance/Application
Targeted US can be a reliable method for correlating MRI 
abnormalities in breast cancer patients and has been used 
to demonstrate that most additional malignant lesions are 
small and of category BI-RADS 2 and 3.

Figure 9: Distribution of second-look ultrasound lesion sizes in millimeters. 90% of lesions were smaller than 10 mm, and 66% of lesions were smaller than 7 mm.
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Figure 10: Sonographic-MRI correlation: (a) Oval, parallel to skin lesion 
at ultrasonographic examination. (b and c) MRI study shows a mass-like 
enhancement with suspicious type 3 curve.
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SUMMARY

In summary, most additional malignant lesions of multifocal, 
multicentric, and bilateral nonpalpable carcinomas that are 
detected using second-look US are nonspecific, present 
benign features in most cases, are small in size (under 7 mm 
in diameter), and go unnoticed during mammography and 
first-look US.
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