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A B S T R A C T

Purpose: To predict detection rates (DR) in second-look ultrasound of MRI-detected breast lesions by system-
atically combining clinical and anthropomorphic features.
Methods: A total of 104 suspicious breast-lesions, that were initially detected on breast MRI and underwent
subsequent SLU from January 2013 through December 2013, were evaluated in this retrospective analysis. All
images were reviewed by an experienced radiologist for this study. Both anthropomorphic, spatial and BI-RADS
lesion features were recorded. Uni- and multivariate Classification and Regression Trees (CRT) statistics were
used to predict SLU DR by these features.
Results: Among 104 MRI-detected lesions, 58 (55.8%) showed a correlate on SLU. In univariate analysis,
homogeneous fatty or dense fibro-glandular-tissue-composition (FGT) as assessed by ultrasound, segmental non-
mass-distribution pattern and small breast size as assessed by MRI were significantly associated with higher DR
on SLU. The remaining BI-RADS features did not significantly affect SLU DR according to our data. The pre-
dictive model could stratify the likelihood of SLU correlates as high, intermediate and low according to FGT,
lesion type, size and position.
Conclusions: By systematically combining the features FGT, lesion type, size and position, we could predict SLU
DR of MRI-detected breast lesions. This may help to decide the preferable method for lesion biopsy or follow-up
in clinical practice.

1. Introduction

Magnetic Resonance Imaging (MRI) of the breast is considered the
most sensitive imaging method for detection of malignant breast lesions
in a variety of indications and settings [1–6]. Consequently, MRI of the
breast is increasingly utilized in clinical practice [7,8]. High sensitivity
however results in a significant number of incidental findings ranging
between 5.3 [9]and 32% [10] that need to be further assessed. Second-
look ultrasound (SLU) is considered a fast, less expensive and more
easily accessible method for further patient workup of suspicious MRI
findings [11]. While SLU can be considered a useful tool to further
assess incidental MRI findings, evidence suggests that SLU detection
rates depend on lesion type (mass vs non-mass and benign vs malig-
nant) and lesion size [12–19]. A systematic review identified higher
SLU detection rates in mass (66 vs 29%) and malignant (79 vs 52%)
lesions but reported a lack of data regarding further factors which could
predict whether an MRI-detected lesion would be identified by SLU

[20]. This however would be of help to optimize the clinical workflow
within assessment centers: while lesions with a high likelihood to be
visible on SLU should generally be scheduled for this examination, le-
sions with a lower likelihood to be detected by SLU could either be
directly scheduled for MRI follow-up or biopsy or undergo SLU per-
formed by experts only.

Hence, this study aims to predict detection rates (DR) in second-look
ultrasound of MRI-detected breast lesions by systematically combining
clinical and anthropomorphic features.

2. Methods

Eligible for this retrospective analysis were 1522 patients with 1692
MRI examinations that were assessed between January 2013 and
December 2013 at the Department of Radiology at the Medical
University of Vienna, a tertiary care university screening and assess-
ment center. MRI-detected BI-RADS category 4 or 5 lesions with SLU
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within 6 weeks after MRI and subsequent biopsy or follow-up for at
least 12 months, were included in this study. Of the 1522 patients, 103
patients (mean age 51±12 years, range 26–78 years) with 104 lesions
in 103 exams fulfilled the inclusion criteria and were identified based
on a standardized retrospective review of our electronical hospital da-
tabase. All other cases were excluded as they did either not fulfill the
inclusion criteria or retrospective database review could not establish
whether a lesion was first identified by MRI or not.

At the reviewed time frame, there was no predefined protocol as to
whether patients should undergo SLU or not, thus it was recommended
at the discretion of the respective radiologist.

MRI images were acquired on different scanners both in house and
at multiple (n> 10) referring imaging centers. All examination proto-
cols included a T2w and or STIR sequence as well as T1-weighted
contrast- enhanced dynamic images before and after single dose Gd-
based contrast media injection at 1.5 or 3 T, all in line with EUSOBI and
EUSOMA recommendations [21,22]. SLU was performed by one out of
five radiologists with at least 5 years of experience in breast imaging,
using a high frequency transducer for B-mode imaging (Acuson S3000
Siemens Germany).

All MRI and ultrasound images were retrospectively reviewed by a
specialized breast radiologist (P.C.) with over 5 years of experience in
breast imaging. Imaging review included breast size (estimated in an
empirical 4-step manner as small (A) – medium (B) – large (C) – very
large (D) as established elsewhere [23]), amount (MRI) and composi-
tion (US) of fibro-glandular tissue and lesion position, type and mor-
phological criteria according to the MRI BI-RADS lexicon [24]. Lesion
position is defined as retroareolar if in proximity to the nipple and
prepectoral if in the immediate vicinity of the thoracic wall. All other
lesion locations, comprising about 70% of the breast are defined as

central. In addition, the following information was collected: patient
age, biopsy method, histopathological results and follow-up informa-
tion.

Histopathologic results were obtained for 92 lesions. 50 lesions
were biopsied under ultrasound-guidance (16 G), 35 under MR-gui-
dance (9 G vacuum-assisted biopsy), one under stereotactic guidance
(9 G vacuum-assisted biopsy) and six were primarily surgically excised.
The remaining twelve lesions were classified BI-RADS 3 and followed
up for 24 months by MRI, US or MG as deemed appropriate.

2.1. Statistics

Univariate analysis was performed using cross-tabulations of re-
corded criteria against SLU detection status (detected versus not de-
tected) and chi-square or Fisher´s exact testing as appropriate. The
multivariate classification and regression tree (CRT) algorithm was
used to calculate a predictive model for SLU detection rates. The CRT-
model utilizes dichotomized parameters to create a decision tree,
aiming to distinguish lesions which are likely to exhibit an SLU-corre-
late from those that are not. The splitting method used was the Gini-
index, the minimum size of parent and child nodes set to 10 and 5.
Automated Bonferroni-correction was performed to avoid accumulation
of alpha-errors in multiple testing, and the decision tree was tenfold
cross-validated. ROC-Analysis was performed to assess the accuracy of
the resulting predictive model.

The alpha error to define presence of statistical significance for this
exploratory study was set to 10% for all statistical analyses.
Consequently, tests yielding P-values ≤0.1 were interpreted as re-
presenting statistically significant results.

List of abbreviations

BI-RADS Breast Imaging Reporting And Data System
CRT Classification and Regression Tree
DR Detection Rates
EUSOBI European Society Of Breast Imaging

EUSOMA European Society of Mastology
FGT Fibroglandular Tissue
MRI Magnetic Resonance Imaging
SLU Second-look ultrasound (or targeted ultrasound)
STIR Short Tau Inversion Recovery
T1w/T2wT1-weigthed/T2-weighted

Table 1
Detection Rates by Lesion Features and BI-RADS category assignment.

Feature SLU correlate in No. (%) of lesions Total (%) P-Value

absent present

Lesion type mass 20 (35.1) 37 (64.9) 57 (100) 0.116
non-mass 22 (55.0) 18 (45.0) 40 (100)
focus 4 (57.1) 3 (42.9) 7 (100)

MRI mass shape oval 8 (33.3) 16 (66.7) 24 (100) 0.512
round 7 (46.7) 8 (53.3) 15 (100)
irregular 5 (26.3) 13 (73.7) 18 (100)

Mass margins circumscribed 5 (27.8) 13 (72.2) 18 (100) 0.478
irregular 14 (41.2) 20 (58.8) 34 (100)
spiculated 1 (20.0) 4 (80.0) 5 (100)

Mass internal enhancement homogeneous 9 (42.9) 12 (57.1) 21 (100) 0.626
heterogeneous 11 (32.4) 23 (67.6) 34 (100)
rim 0 (0.0) 1 (100.0) 1 (100)
dark septations 0 (0.0) 1 (100.0) 1 (100)

Non-mass distribution focal 6 (50.0) 6 (50.0) 12 (100) 0.027
linear 9 (90.0) 1 (10.0) 10 (100)
segmental 0 (0.0) 3 (100.0) 3 (100)
regional 7 (46.7) 8 (53.3) 15 (100)

Non-mass internal enhancement homogeneous 5 (71.4) 2 (28.6) 7 (100) 0.383
heterogeneous 15 (53.6) 13 (46.4) 28 (100)
clumped 1 (25.0) 3 (75.0) 4 (100)
clustered ring 1 (100.0) 0 (0) 1 (100)

MRI BI-RADS category BI-RADS 3 4 (44.4) 5 (55.6) 9 (100) 0.568
BI-RADS 4 36 (42.4) 49 (57.6) 85 (100)
BI-RADS 5 6 (60) 4 (40) 10 (100)
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3. Results

A total of 104 lesions (32 malignant, 72 benign) matched the in-
clusion criteria of this study and were considered for statistical analysis
that focused on the association of recorded clinical and imaging lesion-
features with SLU DR. Among 104 MR-detected lesions, 58 (55.8%, 18
of them malignant) were seen on SLU.

Table 1 gives an overview of all lesion features stratified by their
SLU detection status. Though not significant on univariate testing
(P= 0.116), masses showed the highest SLU DR (64.9%), whereas SLU
DR in non-masses was lower (45.0%). Foci and mass lesions with as-
sociated non-mass enhancements had a 42.9% chance to be detected on
SLU.

In non-mass lesions, the distribution pattern was significantly as-
sociated with SLU DR (P= 0.027): while segmental non-mass dis-
tribution pattern was predictive of lesion identification on SLU (3 out of
3, 100% SLU DR), linear non-mass distribution pattern was not (1 out of
10, 10% SLU DR). Focal or regional distribution were unspecific and
associated with intermediate SLU DR (Table 1).

Lesions in breasts composed of homogeneous fatty or dense fibro-
glandular tissue (FGT) as assessed by ultrasound were associated with
SLU correlates in 69.4% (25/36) of the cases. This number dropped to
47.8% (32/67) in case of heterogeneous FGT. This difference was sta-
tistically significant (P=0.040). MRI amount of FGT was not asso-
ciated with SLU DR (P=0.183, see Table 2).

Breast size was significantly associated with different SLU DR
(P= 0.063): it was 100% (5/5) in case of small breasts (A) and im-
plants, decreased to 55.8% (48/86) in medium sized breasts (B, C) and
further to 38.5% (5/13) in large breasts (D).

MR lesion size was dichotomized at a cut-off of 10mm. 50% (23/
46) of the lesions ≤10mm were detected on SLU, while an ultrasound
correlate was found in 60.3% (35/58) among lesions> 10mm
(P=0.352) (Table 2).

In addition, lesion position (P= 0.332), MRI mass shape
(P= 0.512), mass margins (P=0.478), mass internal enhancement
(P= 0.626) and non-mass internal enhancement (P=0.383) were not
predictive of SLU DR upon univariate analysis (Table 1).

Supplementary Figure 1 represents the decision-tree as calculated
by multivariate CRT analysis. All recorded lesion features were con-
sidered for this analysis. Feature selection is done by automated re-
petitive calculations, selecting significant features by hierarchical or-
dering after statistical testing. The first database split thus presents the
most significant criterion, in this case FGT-breast-composition as as-
sessed by ultrasound. Subsequent features leading to a significant im-
provement in stratifying lesions by their SLU DR included: lesion size

and type, lesion position and US FGT composition. As listed in Table 3,
lesions≤10mm, centrally located within breast with heterogeneous US
FGT composition had a low likelihood of detection by SLU while masses
in case of homogeneous US FGT or masses> 10mm in case of het-
erogeneous FGT had high SLU detection rates. All other feature com-
binations demonstrated intermediate SLU detection rates (see Table 3).

4. Discussion

As a fast, easily accessible and relatively inexpensive test, SLU is an
important method to guide biopsies or perform follow-up examinations
when it comes to clinical management of MR-detected breast-lesions
that haven’t been found on mammography or ultrasound. This is why
SLU has been recommended as the method of choice to primarily in-
vestigate unclear or suspicious lesions detected by MRI [20]. However,
though a fast and inexpensive examination, SLU can accumulate to
substantial personnel costs if generally performed in all MRI-detected
lesions. It was therefore the purpose of this study to investigate pre-
dictors of SLU DR to assist the clinical decision whether to do SLU or
not. We identified simple and clinically available criteria that can be
used to check the probability of a lesion to show a correlate on SLU. By
systematically combining the features FGT, lesion type, size and posi-
tion, we could predict SLU DR of MRI-detected breast lesions. Mass
lesions in case of homogeneous US FGT and mass lesions> 10mm in
size in case of heterogeneous FGT demonstrated a high likelihood of
success while lesion detection failed in most (80%) cases of lesions
≤10mm that were centrally located in breast parenchyma with het-
erogeneous presentation upon US. Therefore, while it would be most
helpful to identify lesions that should not undergo SLU due to very low
identification rates, such simple conclusions cannot be drawn from our
data: as the lowest lesion detection rate was 20% in our population, our
findings rather suggest that SLU could always be tried.

This applies particularly in BI-RADS ≥4 lesions: even avoiding only
one out of five expensive MRI-guided breast biopsies indicated in these
cases would likely prove cost-effective [25,26]. In addition, a recent
survey on the use of MR imaging in Europe has identified a significant
shortage in the availability of MRI-guided biopsy resources, further
stressing the need for alternative procedures to resolve suspicious
breast lesions such as SLU [27]. On the other hand, MRI follow-up may
be the method of choice in BI-RADS 3 lesions with a low likelihood of
detection by SLU. This is of importance as the results can be directly
transferred to clinical practice, thereby helping to focus personnel and
equipment according to their availability. Of note, it is still unclear how
many follow-up examinations are necessary to resolve BI-RADS 3 le-
sions as suggested in [28]. While we did not investigate a connection

Table 2
SLU detection Rates by anthropomorphic features and lesion position and size.

Feature SLU correlate in No. (%) of lesions Total (%) P-Value

absent present

breast size (MRI) Small (A), implants 0 (0.0) 5 (100.0) 5 (100) 0.063
Medium-large (B, C) 38 (44.2) 48 (55.8) 86 (100)
Very large (D) 8 (61.5) 5 (38.5) 13 (100)

Amount of FGT (MRI) ACR a 4 (25) 12 (75) 16 (100) 0.183
ACR b 15 (53.6) 13 (46.7) 28 (100)
ACR c 20 (51.3) 19 (48.7) 39 (100)
ACR d 7 (35) 13 (65) 20 (100)

FGT composition (US) homogeneous fatty or dense 11 (30.6) 25 (69.4) 36 (100) 0.040
heterogeneous 35 (52.2) 32 (47.8) 67 (100)

Lesion position (MRI) retro-areolar 8 (32.0) 17 (68.0) 25 (100) 0.332
central 28 (46.7) 32 (53.3) 60 (100)
posterior 10 (52.6) 9 (47.4) 19 (100)

Lesion size (MRI) ≤ 10 mm 23 (50.0) 23 (50.0) 46 (100) 0.325
> 10 mm 23 (39.7) 35 (60.3) 58 (100)
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between the sonographer´s experience in SLU and SLU success, it may
be suggested that the more challenging cases should generally be
second-read by an experienced radiologists to increase lesion yield. In
addition, this approach would increase the experience of less experi-
enced sonographers.

While prior studies mainly sought to investigate the performance of
SLU in specific clinical settings and lesion types, the current study fo-
cused on systematically identifying subgroups of MR-detected lesions
that are likely or not likely to present with a correlate on SLU. Previous
studies have stressed the necessity to address this topic to improve
clinical decisions whether to do or not to do an SLU examination
[12,20].

We identified several anthropomorphic features that were helpful to
predict whether SLU would yield a correlate or not. Our data suggests,
that the composition of fibro-glandular-tissue (FGT) as assessed by ul-
trasound ranges among the features that are most likely to predict SLU
DR and should therefore be considered in pre-SLU assessment. This
does not astonish: homogeneous FGT is more easily assessed on ultra-
sound as compared to heterogeneous FGT. In addition, smaller breast
size was significantly associated with a higher SLU DR in our study.
While this might not be a surprising result, it is an important factor
influencing SLU-DR that has not been demonstrated previously.

Lesion type (mass/non-mass) counts among the features that have
been most frequently observed to be a significant predictor for SLU DR,
showing masses to be significantly more often associated with an ul-
trasound-correlate [12,20,29]. In our study, SLU DR for masses was
64.9% and 45.0% for non-masses, which is roughly consistent with the
reported pooled rates of 66% and 29%, respectively [20]. However, this
difference in DR was not statistically significant in our univariate
analysis, an observation also made by Aracava et al., in a prospective
trial concerning this topic [30]. One further important parameter to
predict SLU detection rates was non-mass enhancement distribution
pattern. Previous studies have mainly investigated the predictive value
of non-mass features regarding malignancy rates [31–34]. However,
our analysis showed that focal and segmental non-mass lesions are
better depicted by SLU than linear or regional ones.

MR lesion size- although not being significantly associated with
SLU-DR in univariate analysis - was a significant predictor of SLU-DR in
the multivariate CRT-model. This might in a sense account for the
controversial data that have been published, regarding the predictive
value of MR-lesion-size, with some studies pointing towards a sig-
nificant predictive value [12,13], and some suggesting that there is
none [13,14,29,30,35]. However, as Spick and Baltzer pointed out in
their meta-analysis, a test that is not stratified by lesion type disregards
the fact that masses are regularly smaller than non-masses, and could

therefore incorrectly suggest that lesion size is not associated with SLU
detection rates [20,31]. According to the subgroup analysis by Wir-
atkapun et al., increasing lesion size resulted in a significantly higher
ultrasound conspicuity among masses only [13], whereas Meissnitzer
et al. found this to be true for both masses and non-masses [12]. Con-
sidering the generally lower SLU DR in non-mass lesions, an adequate
number of non-mass lesions is crucial to identify significant differences
of SLU-DR regarding lesion size. This might partially account for the
insignificant predictive value of lesion size among non-masses as
compared to masses, e.g. in [13].

This study has several limitations, foremost the retrospective design
and a limited number of cases. Most important, there was no predefined
protocol as to whether SLU should be performed in a specific case or
not. Thus, SLU was performed at the discretion of the attending radi-
ologist, potentially limiting generalizability of the reported findings. As
the results were obtained in a large assessment center, we deem them to
quite accurately reflect clinical practice. While we did not identify
criteria to suggest not to do SLU, they encourage further research in this
direction. The proposed categories of high, intermediate and low like-
lihood of SLU correlates warrant prospective validation and further
refinement, e.g. by considering the examiner´s experience and further
imaging findings such as mammography. It should be noted that ste-
reotactical biopsy could be another alternative to MRI-guided biopsy in
case of a negative SLU examination. The potential value of second-look
tomosynthesis has been suggested in [36].

5. Conclusion

We identified criteria based on breast size, tissue composition as-
sessed by ultrasound and lesion features including type, size and posi-
tion that predict SLU detection rates and could define specific feature
combinations associated with low, intermediate and high probability of
MRI-detected lesions to be detected by SLU. While our reported SLU
detection rates of ≥ 20% suggest that SLU can always be tried, some
suggestions could be given: in BI-RADS ≥4 lesions, SLU should always
be used due to the high costs and low availability of MRI-guided
biopsies. In BI-RADS 3 lesions with a low likelihood to be detected by
SLU, MRI follow-up may be the preferable decision. Lesions with a high
likelihood of detection by SLU could be examined by less experienced
readers while challenging cases should be second-read by an experi-
enced reader. These findings could help to guide daily clinical decisions
depending on the available resources in personnel and equipment.

Table 3
Predictive model feature combinations hierarchically ordered by SLU detection rates marked by white (low likelihood of SLU correlate), bright grey (intermediate
likelihood of SLU correlate) and grey (high likelihood of SLU correlate).
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