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Objective: To evaluate spatial displacement of breast
lesions from prone MR to supine ultrasound positions,
and to determine whether the degree of displacement may
be associated with breast density and lesion histotype.

Methods: 380 patients underwent breast MR and second-
look ultrasound. The MR and ultrasound lesion location
within the breast gland, distances from anatomical land-
marks (nipple, skin and pectoral muscle), spatial displace-
ment (distance differences from the landmarks within the
same breast region) and region displacement (breast
region change) were prospectively evaluated. Differences
between MR and ultrasound measurements, association
between the degree of spatial displacement and both
breast density and lesion histotypes were calculated.

Results: In 290/380 (76%) patients, 300 MR lesions were
detected. 285/300 (95%) lesions were recognized on
ultrasound. By comparing MR and ultrasound, spatial
displacement occurred in 183/285 (64.3%) cases while

INTRODUCTION

The role of dynamic contrast-enhanced MRI of the breast
has been established in numerous research studies with
MRI being able to improve the detection and character-
ization of primary and recurrent breast cancers and eval-
uate the response to therapy.'°

Suspicious lesions at MRI of the breast require second-
look ultrasound or MRI-guided biopsy. Second-look ul-
trasound with ultrasound-guided core biopsy represents
an effective and widespread approach, offering some
advantages compared with MRI-guided one.'"'? In fact,
ultrasound-guided biopsy is less expensive, more readily
available and more comfortable for the patient. Moreover,
ultrasound-guided biopsy does not require intravenous
contrast material injection and allows sampling of
lesions located near the chest wall and nipple. However,
MRI-guided biopsy remains mandatory when MRI lesions

region displacement in 102/285 (35.7%) cases with
a circumferential movement along an arc centred on the
nipple, having supine ultrasound as the reference standard.
A significant association between the degree of lesion
displacement and breast density was found (p < 0.00001)
with a significant higher displacement in case of fatty
breasts. No significant association between the degree of
displacement and lesion histotype was found (o = 0.1).
Conclusion: Lesion spatial displacement from MRI to
ultrasound may occur especially in adipose breasts.
Lesion-nipple distance and circumferential displacement
from the nipple need to be considered for ultrasound
lesion detection.

Advances in knowledge: Second-look ultrasound breast
lesion detection could be improved by calculating the
lesion-nipple distance and considering that spatial dis-
placement from MRI occurs with a circumferential move-
ment along an arc centred on the nipple.

and second-look ultrasound findings do not match
perfectly.'>™"*

For this reason, the main limitation of second-look ultra-
sound is that MRI information has to be translated into
ultrasound examination. In fact, often, it is difficult to
identify MRI lesions on second look ultrasound because
lesion spatial or region displacement may occur changing
from the prone to the supine patient positioning.'” Lesion
spatial displacement occurs within the same breast region
while region displacement refers to a lesion movement
towards an adjacent region. Both the lesion location in the
breast and the breast volume could be associated with
spatial or region displacement.

The aim of this study was to evaluate the spatial dis-
placement of breast lesions from prone MR to supine ul-
trasound patient positions, and to determine whether the
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degree of spatial displacement may be associated with breast
density and lesion histotype.

METHODS AND MATERIALS

Patients

Between September 2011 and January 2014, a total of
380 patients [age range, 26-79 years; mean age * standard de-
viation, 52.3 = 9.2 years] with family history of breast cancer
and dense glandular structure (120 out of 380 patients) or with
suspected breast lesions detected by mammography (parenchy-
mal distortion; diffuse and polymorphous microcalcifications;
and ill-defined opacity) and ultrasound (inhomogeneous hypo-
echoic areas; shadowing areas with irregular margins) (260 out of
380 patients) underwent MRI before histological examination.
Written informed consent was obtained from all patients according
to the Declaration of Helsinki principles. MR examination was
performed in the second week of menstrual cycle in case of pre-
menopausal females. In case of MRI positivity, ultrasound exami-
nation was performed within 7-10 days with meticulous exploration
of all breast regions, and the detected breast lesions underwent
ultrasound-guided cytological or histological examination. In case of
MRI negativity, patients were invited to resume periodic mam-
mography and ultrasound after 6 months.

MR protocol

MR examinations were performed in prone position with arms

up on a 1.5T MR device (Achieva®; Philips Medical Systems,

Best, Netherlands) by using a four-channel breast coil. The

protocol consisted of:

e transverse short-inversion-time (TI) inversion recovery turbo-
spin-echo sequence [repetition time (TR)/echo time (TE)/
TI = 3.800/60/165 ms, field of view (FOV) = 250 X 450 mm
[antero-posterior (AP) X right-left (RL)], matrix 168 X 300
pixels, 50 slices with 3-mm slice thickness and without gaps, 3
averages and turbo factor 23, resulting in a voxel size of
1.5 X 1.5 X 3.0 mm°];

e transverse T, weighted turbo spin echo (TR/TE = 6.300/
130 ms, FOV = 250 X 450 mm (AP X RL), matrix 336 X 600
pixels, 50 slices with 3-mm slice thickness and without gaps, 3
averages, turbo factor 59, and sensitive encoding (SENSE)
factor 1.7, resulting in a voxel size of 0.75 X 0.75 X 3.0 mm’);

e three-dimensional dynamic contrast-enhanced T; weighted
high-resolution isotropic volume sequences (TR/TE = 4.4/
2.0ms, FOV =250X450X 150mm (AP XRL X FH), matrix
168 X 300 pixels, 100 slices with 1.5-mm slice thickness, turbo
factor 50, SENSE factor 1.6 and 6 dynamic acquisitions, resulting in
1.5-mm3 isotropic voxels a dynamic data acquisition time of
1 min 30s and total sequence duration of 9 min).

Gadobenate dimeglumine (Multihance®; Bracco, Milan, Italy)
was intravenously injected at a dose of 0.1 mmolkg™ "' of body
weight and flow rate of 1.5mls™ ", followed by 20 ml of saline
solution, the most accurate contrast medium used in this field,
as already reported in other experiences.'®

Image and statistical analysis

All MRI data were transferred to and analysed on a diagnostic
workstation equipped with dedicated software for MRI exami-
nation (View-Forum R5.1 V1L1 2006). Two radiologists with
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5 years’ experience in the field of breast imaging prospectively
evaluated MRI data searching for mass-like breast lesions. In
order to evaluate lesion displacement from MR to ultrasound
examination, all foci or non-mass-like lesions which can be
difficult to identify on ultrasound were excluded.

For each detected lesion, the position and the following dis-

tances from such anatomical landmarks as the nipple, skin and

pectoral muscle were assessed on MR images (Figures 1-3), as

similarly and already reported by Carbonaro et al,'” as follows:

e distance from the lesion margin to the horizontal plane
passing through the nipple on coronal images;

e distance from the lesion margin to the vertical plane passing
through the nipple on coronal images;

e distance from the lesion margin to the skin on axial images;

e distance from the lesion margin to the pectoral muscle on
axial images;

e distance from the lesion margin to the nipple on sagit-
tal images.

In order to assess the interobserver agreement between the two
readers and the reliability of MR measurements, Cohen’s kappa
(k) test was applied. A value of k >0.81 was considered repre-
sentative of almost perfect agreement while values of 0.61-0.80
and 0.41-0.60 were considered representative of substantial and
moderate agreement, respectively.

Ultrasound examination was performed by one of the two
radiologists within 7-10 days in case of MRI positivity, evalu-
ating both the already known breast lesions and any incidental
findings at MRI. Ultrasound examinations were performed with
patients in the supine positions and arms up and in the supine
oblique position for examining the outer breast regions. A radial
technique was used in all cases, with the ultrasound probe held
vertically. For each ultrasound-detected lesion, the position and

Figure 1. MR coronal image showing the distance from the
lesion margin to the vertical (A) and horizontal planes (B)
passing through the nipple.
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Figure 2. MR axial image showing the distance from the lesion
margin to the skin (A) and the pectoral muscle (B).

the following distances from such anatomical landmarks as the

nipple, skin and pectoral muscle were assessed (Figures 4—6):

e distance from the lesion margin to the horizontal line passing
through the nipple

e distance from the lesion margin to the vertical line passing
through the nipple

e distance from the lesion margin to the skin

e distance from the lesion margin to the pectoral muscle

e distance from the lesion margin to the nipple.

Figure 3. MR sagittal image showing the distance (double
headed arrow) from the lesion margin to the nipple.

BIR

Figure 4. Ultrasound technique for measuring the distance
from the lesion margin to the vertical (A) and horizontal lines
(C) passing through the nipple and to the nipple (B). H,
horizontal line; V, vertical line.

The spatial displacement was evaluated by considering the re-
gion in which breast lesions were assigned by the radiologists on
MRI and ultrasound examinations. Breast glands were divided
into nine regions based on the clock positions (eight 45° seg-
ments plus a central subareolar region) in order to identify even
minimum lesion displacement (Figure 7). In particular:

upper outer region (UOR) (centred between 1 and 2 o’clock
in the left breast and between 10 and 11 o’clock in the
right breast)

equatorial outer region (EOR) (centred on 3 o’clock in the left
breast and on 9 o’clock in the right breast)

lower outer region (LOR) (centred between 4 and 5 o’clock in
the left breast and between 7 and 8 o’clock in the right breast)
lower median region (LMR) (centred on 6 o’clock for both
breasts)

lower inner region (LIR) (centred between 7 and 8 o’clock in the
left breast and between 4 and 5 o’clock in the right breast)
equatorial inner region (EIR) (centred on 9 o’clock in the left
breast and on 3 o’clock in the right breast)

upper inner region (UIR) (centred between 10 and 11 o’clock in
the left breast and between 1 and 2 o’clock in the right breast)
upper median region (UMR) (centred on 12 o’clock for both
breasts)

Figure 5. Ultrasound technique for measuring the distance
from the lesion margin to the skin (A) and the pectoral muscle
(B). PM, pectoral muscle.
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Figure 6. Ultrasound measurement of the distance from the
lesion margin to the skin (A) and the pectoral muscle (B). PM,
pectoral muscle.

subareolar (SA) region (the glandular tissue located in the
central part of the breast extending from the nipple to the
pectoral muscle).

By considering the lesion distances from the above-mentioned
anatomical landmarks (nipple, skin and pectoral muscle), any dif-
ference between MRI and ultrasound measurements was calculated.

X~ test was used to evaluate the association between the degree
of spatial displacement and the breast density according to
Breast Imaging Reporting and Data System classification'® and
the association between the degree of spatial displacement and
the benign or malignant nature of breast lesions, having the
histological examination as the reference standard.

RESULTS

In 290 out of 380 (76%) patients, MR sequences indicated the
presence of 300 mass-like breast lesions including five multi-
centric lesions. 285 out of 300 (95%) lesions were recognized on
ultrasound. 260 out of 300 (86%) lesions corresponded to the
suspected breast lesions as detected by mammography and
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ultrasound; 40 out of 300 (14%) represented incidental findings
on MR examination. 25 out of them (63%) were recognized on
second look ultrasound. In the remaining 15 (37%) patients,
breast MR and ultrasound examinations repeated after 6 months
confirmed the absence of breast lesions. Ultrasound-guided
histological examination revealed 100 malignant lesions (in-
vasive ductal carcinoma n = 85; invasive lobular carcinoma
n=15) and 185 benign lesions (cysts n = 39; fibrotic areas
n=19; fibroadenolipoma n = 32; fibroadenomas n = 95). The
breast lesion size ranged between 0.7cm and 2.5cm (mean
diameter * standard deviation, 1.6 = 9 cm).

On MR examination, 31 breast lesions were located in UOR
(10.3%), 31 in EOR (10.3%), 35 in LOR (11.6%), 31 in LMR
(10.3%), 37 in LIR (12.3%), 32 in EIR (10.6%), 40 in UIR
(13.3%), 29 in UMR (9.6%) and 35 in SA position (11.3%).

On ultrasound examination, 68 breast lesions were located in
UOR (23.8%), 6 in EOR (2.1%), 57 in LOR (20%), 12 in LMR
(4.2%), 56 in LIR (19.6%), 7 in EIR (2.4%), 47 in UIR (16.4%),
14 in UMR (4.9%) and 18 in SA (6.3%).

By comparing lesion position on MRI and ultrasound, region
displacement occurred in 102 out 285 (35.7%) cases (Figures 8,
9; Table 1).

In the remaining 183 out 285 (64.3%) cases, lesion spatial dis-
placement occurred within the same region (Table 1). The mean
difference between the measurements obtained on MR exami-
nation and on ultrasound resulted of 5 = 3.2 cm for the distance
from lesion margin to the horizontal plane passing through the
nipple; 5 *2.5cm for distance from lesion margin to vertical
plane passing through the nipple; 0.8 = 0.5 cm for distance from
lesion margin to the skin; 2.5 * 1.3cm for the distance from
lesion margin to the pectoral muscle; 0.7 = 0.2 cm for the dis-
tance from lesion margin to the nipple (Table 2).

In the group of breast lesions which showed region displace-
ment, 50 were almost entirely fatty with <25% glandular tissue,

Figure 7. Graphical representation of breast division into nine regions (eight 45° segments plus a central subareolar region) based
on the clock positions. EIR, equatorial inner region; EOR, equatorial outer region; LIR, lower inner region; LMR, lower median region;
LOR, lower outer region; SA, subareolar; UIR, upper inner region; UMR, upper median region; UOR, upper outer region.

RIGHT BREAST

LEFT BREAST
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Figure 8. Breast lesion spatial distribution on MRI (a) and on second-look ultrasound (b). (c) Graphical representation of region
displacement from MRI to second-look ultrasound showing a circumferential position changing of lesions along an arc centred on
the nipple. EIR, equatorial inner region; EOR, equatorial outer region; LIR, lower inner region; LMR, lower median region; LOR, lower
outer region; SA, subareolar; UIR, upper inner region; UMR, upper median region; UOR, upper outer region.

20 contained scattered fibro-glandular densities with 25-50%
glandular tissue, 15 were heterogeneously dense with 51-75%
glandular tissue and 17 extremely dense with >75% glandular.
In the group of breast lesions which did not show region dis-
placement, 20 were almost entirely fatty with <25% glandular
tissue, 28 contained scattered fibro-glandular densities with
25-50% glandular tissue, 70 were heterogeneously dense with
51-75% glandular tissue and 65 extremely dense with >75%
glandular.

X test revealed a statistically significant association between the
degree of spatial displacement of lesions and breast density
(p-value < 0.00001).

In the group of breast lesions which showed region displace-
ment, 60 out of 102 (58%) lesions resulted as benign and 42 out
of 102 (42%) lesions as malignant. In the group of breast lesions
which did not show region displacement, 125 out of 183 (68%)

Figure 9. Example of spatial displacement (curved arrow) from
the MR lower median region (arrow) to the lower external
region at second-look ultrasound (asterisk) in a case of
incidental fibroadenoma of the right breast.

lesions resulted as be benign and 58 out of 183 (32%) malignant.
X~ test revealed no statistically significant association between
the degree of spatial displacement and the nature of breast
lesions (p-value = 0.1).

Almost perfect agreement between the two readers for MR
measurements was found (k = 0.86).

DISCUSSION

Second-look ultrasound is widely used in clinical practice and
allows finding a correlation to additional MR findings in 64% of
cases (range 23-89% cases).!>'7%¢ Ultrasound lesion detection
is influenced by lesion echo texture compared with breast
background tissue and by lesion MRI appearance. A higher
correlation of second-look ultrasound for mass lesions rather
than non-mass ones has been reported.15 In our series, all the
included lesions were mass-like at MRI. 40 out of 300 (14%)
MRI-detected lesions represented incidental findings. 25 (63%)
lesions were recognized on second-look ultrasound examina-
tion, underwent histological examination and resulted as being
benign in all cases.

The identification of breast lesions at second-look ultrasound is
crucial for ultrasound-guided breast biopsies and pre-surgical
wire-localization procedures. However, it could be limited by
patient positioning differences between ultrasound and MR
examinations. Comstock and Tartar”’ suggest not being rigid
about ultrasound localization of breast MRI findings. In fact,
positioning differences cause considerable variability in the ap-
parent position of the corresponding lesions. They further
suggest to examine with ultrasound at least a quadrant’s worth
of tissue on either side of the clock position of any concerning

Table 1. Percentages of breast lesions which showed spatial or
region displacement from MRI to ultrasound examination

Ultrasound-detected lesions 285

Spatial displacement from MRI 183 (64.3%)

Region displacement from MRI 102 (35.7%)
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Table 2. Mean values of difference between MR and ultrasound measurements of distances from the lesion margins to the

anatomical landmarks

MR/ultrasound distances between lesion and anatomical
landmarks

MR/ultrasound measurement difference, mean value =
standard deviation

Lesion—horizontal plane/line through the nipple

5cm * 3.2cm

Lesion—vertical plane/line through the nipple

5cm * 2.5cm

Lesion—skin

0.8cm * 0.5cm

Lesion—pectoral muscle

2.5cm *+ 1.3cm

Lesion—nipple

0.7cm * 0.2cm

lesion identified on MRI. The distance from the nipple is con-
sidered the most reliable measurement.”®

In our series, the distance from the lesion margin to the nipple
represented the most reliable measurement with a variation of
0.7 £ 0.2cm between MRI and ultrasound. For this reason, it
could be considered as a reference distance for locating breast
lesions on ultrasound. On the other side, distances from the
lesion margin to the horizontal and vertical planes passing
through the nipple, skin and pectoral muscle showed consid-
erable variations with patient positioning. Comstock and Tartar
also suggested that ultrasound performed by the same radiologist
who interpreted MRI could increase its accuracy.'>*”~*° For this
purpose, in our study, both MR and ultrasound examinations
were performed by the same radiologist as often occurs in clinical
practice. We calculated interobserver agreement for MR meas-
urements because MR reliability ensures correct establishment of
the lesion position and prediction of how the lesion will move at
ultrasound. Almost perfect agreement has been demonstrated in
our series, showing the reliability of the used MR measurements.

Moreover, Trop et al suggested an ultrasound lateral patient position
in order to improve lesion identification. In our series, we used only
the oblique supine position for examining the outer breast regions.™

Fausto et al proposed an ultrasound/MRI co-registration with
volume navigation, combining the two different techniques.'>*'
However, the image quality of supine breast MRI could be
compromised by respiratory artefacts and by the lack of a dedi-
cated coil, as reported by Tozaki et al*?

Our study aimed to assess lesion spatial displacement with pa-
tient positioning. In fact, few studies are reported in the litera-
ture about the degree of lesion spatial displacement and the
possible existence of spatial displacement vectors.”*

All lesions showed even minimal displacement between prone
MRI and supine ultrasound, probably owing to the change of
patient positioning and breast density. In 64.3% of cases, lesion
spatial displacement occurred within the same region. In the
remaining 35.7% of cases, region displacement occurred with
a statistically significant association with almost entirely fatty or
fibroglandular breasts. The greater amount of adipose tissue
could cause considerable variability in the lesion apparent po-
sition and also a more difficult lesion detection.

However, fatty breasts tend to be larger than dense ones, and
lesion displacement may depend on the breast size rather than
on density in these cases.

The absence of a statistically significant association between the
degree of spatial displacement and lesion histotype could suggest
that displacement is more influenced by breast density as
compared with lesion histotype.

In case of region displacement, our data suggest that lesions
located in the median and equatorial regions tend to move more
frequently and typically to the inner and outer ones. This cir-
cumferential movement along an arc centred on the nipple is
probably related to the breast shape which is elongated during
MR examination and which becomes flat and lies on the chest
wall during ultrasound. Therefore, the distance from the lesion
margin to the nipple provided by MRI and the knowledge of the
most frequent vectors of lesion spatial displacement could rep-
resent useful tools for detecting breast lesions on second-look
ultrasound. In fact, our results suggest that it is possible to
predict lesion movement from MRI to ultrasound.

Our study presents some limitations mainly represented by the
relatively small number of incidental MR findings undergoing
second-look ultrasound; the potential selection bias due to the
presence of already-known breast lesions among MR findings;
the lack of a correlation between lesion displacement and size;
the potential lower reliability of ultrasound measurements being
an operator-dependent technique; the absence of MR-guided
biopsies and of non-mass-like MRI lesions; and the influence of
ultrasound probe compression on measurements causing po-
tential differences with MRI.

CONCLUSION

Patient positioning differences existing between MR and ultra-
sound could cause lesion spatial displacement which is more
frequent in the adipose breasts. Ultrasound breast lesion de-
tection could be improved by calculating the distance between
the lesion and the nipple, which is quite similar in the two
diagnostic techniques, and by considering that spatial displace-
ment occurs in a circumferential way along an arc centred on the
nipple. Second-look ultrasound should be extended to the
quadrants in which MRI lesions are expected to move in order
to improve their detection which is crucial for ultrasound-
guided biopsies and wire-localization procedures.
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