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Imaging assessment of the nip-
ple-areola complex and the retroare-
olar breast includes diagnostic mam-
mography and targeted ultrasound 
as first-line imaging techniques, with 
magnetic resonance imaging (MRI) 
serving as a complementary alterna-
tive that nonetheless often leads to 
inconclusive results.1-6

In MRI, the sequences and coils, 
regardless of their brand or design, 
lack the necessary resolution for 
effective analysis of the ductal sys-
tem, its contents, and the surround-
ing parenchyma.7

In this article, we present a 
practical application of focused, 
magnified, high-resolution MRI 
with contrast using commercially 
available small coils.8 This approach 
is equivalent to the microfocus, spot 
magnification view traditionally used 
in diagnostic mammography. In this 
regard, we must discuss pioneer-
ing publications dealing with the 
efficacy of small coils in high-reso-
lution analysis of different kinds of 
breast lesions.9

The small coil is used mainly to 
detect lesions not seen on standard 
imaging evaluation, to confirm 
positive findings with conventional 
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techniques (mammography, ultra-
sound, MRI), and to present them in 
an accessible way for surgeons and 
the pathologists.10

Breast MRI with Small Coil 
Technique 

The exam is performed on a 1.5T 
MRI scanner with a small surface 
coil focused on the areola instead of 
a conventional bilateral coil.

Owing to its design and dimen-
sions, the small coil allows for 
ventral and lateral decubitus explo-
rations according to the patient’s 
anatomical needs. The coil’s high 
performance facilitates the study of 
the areola and the underlying paren-
chyma up to a depth of 6-7 cm from 
the nipple, including divisions of the 
ducts up to the fourth grade.11

The protocol consists of T2 3D TSE 
(3D turbo spin echo), T1 3D FFE (3D 
fast field echo) and T1 3D FFE EPI (3D 
fast field echo-echo planar), fat-sat-
urated sequences with and without 
contrast and obtained only in the axial 
plane. The geometry and contrast of 
these sequences are shown in Table 1.

The first sequence (T2 SPAIR) 
demonstrates ducts with serous or 
serosanguinous content. The second 
(T1 SPIR) and the third sequence (T1 
SPIR-EPI) mainly detect blood prod-
ucts and are used before contrast 
administration.

After contrast injection, the 
second and third sequences are 
repeated, with the fourth sequence 
concluding the imaging. The fourth 
sequence (T1 SPIR FOV 150 mm) is 
optional; it has a lower resolution 
but a larger FOV, and provides infor-
mation regarding the topography, 
lesion extension, and any addi-
tional findings.

Only fat-saturation sequences are 
applied, not only because gadolin-
ium is used but also because the 
resolution provided by the coil does 
not require the presence of fat to 
identify typical lesions in this breast 
segment. The only artifacts are those 
generated by patient movement 
that can occur.

This is predominately a high-reso-
lution morphological study without 
dynamic curves because the small 
coil provides images with average 
acquisition times of two to three 
minutes. The enhancement hierar-
chy could be visually estimated.

Regarding FOV, the software 
adjusts the matrix, providing 0.49 × 
0.49 mm pixels with 0.7 mm slices in 
T2 (TSE) and 0.23 × 0.23 mm pixels 
with 0.6 mm slices in T1 (FF3D), with 
a resolution eight times higher than 
that of a conventional breast coil. 
This software also builds nonisotro-
pic voxels that allow reconstruction 
in MIP (maximum intensity projec-
tion) and 3D volume rendering in 
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the most representative planes (axial 
and sagittal) and video editing in 
three planes.12

Imaging Findings
The resolution provided by the 

small coil represents the anatomy 
of the central major ducts to detect 
its signal (serous, sanguineous, and 
mixed) and the presence of filling 
defects. This high resolution allows 
detailed analysis of enhancements 
of the paramagnetic contrast inside 
the ducts and on their walls, as well 
as of masses and non-masses in the 
surrounding parenchyma.

The protocol is primarily used to 
evaluate patients with clinically sig-
nificant nipple discharge, palpable 
findings in an inverted or retracted 
nipple, and Paget disease.

Clinically Significant Nipple 
Discharge

Nipple discharge is the third-most 
common reason for clinical evalua-
tion after mastodynia and palpable 
lump(s). The most common breast 
entities related to clinically signifi-
cant nipple discharge are intraductal 
papilloma (40-70% of cases) and 
other benign causes.

Less frequent, but more relevant 
and concerning, is a malignant 
lesion (more commonly associated 
with bloody nipple discharge) that 
may be occult on mammography 
and ultrasound, such as in situ ductal 
carcinoma (DCIS).13,14

Papilloma
Papillomas are classified into cen-

tral, peripheral, and intracystic types 
and categorized as single or multiple. 
Central papillomas originate outside 
the terminal ductal-lobular unit 
and are generally solitary, whereas 
peripheral types tend to occur in 
multiples, owing to their origin in 
the terminal duct-lobular units.15

On mammograms papillomas 
are usually < 10 mm, circular/oval 
masses, with or without associated 
calcifications, which can be either 
coarse or crushed stone-like.15

The ultrasound appearance of in-
traductal papilloma is a solid, vascu-
larized nodule located within a single, 
dilated duct in the subareolar area. 
The presence of a circumscribed mar-
gin does not distinguish benign from 
malignant papillary lesions.16

With the small coil, central papil-
lomas appear as measurable, solid, 
filling defects in a major central duct 

with or without gadolinium enhance-
ment and with the most prominent 
ectasia in the proximal segment of 
the duct with varying MRI signal 
characteristics on T1 and T2, depend-
ing on the serous, proteinaceous, or 
hemorrhagic content (Figure 1, 2).17

Papillomas are characterized as 
single masses of different sizes and 
morphologies (node, bar-shaped, 
bifurcated, coral-like; Figure 3).

Multiple papillomas (10 percent 
of intraductal papillomas) are often 
deeper, more peripheral, and occur 
bilaterally; they are related to hyper-
plasia, atypia, adenosis, and scleros-
ing lesions. They appear on MRI as 
random enhancing small masses not 
always associated with ectatic ducts. 
Single papillomas are rarely associ-
ated with cancer (1.3%), but multiple 
papillomas confer a greater risk of 
cancer than a single papilloma.18,19,20

Intracystic papillomas (Figure 4) 
are rare (1%) and frequently occur 
in multiples. Differential diagnosis 
between intracystic papillomas and 
intracystic papillary carcinoma is 
difficult preoperatively.

Other Benign Entities
There are other more diffuse, 

nonspecific, benign entities that 

Table 1. Contrast and geometry of sequences
SEQUENCE (1) T2 SPAIR (2) T1 SPIR (3) T1 SPIR-EPI (4) T1 SPIR FOV 150 MM

Parameter 3D TSE 3D FFE 3D FFE 3D FFE

TE (ms) 235 8.7 7 8.7

TR (ms) 2000 43 35 43

Flip angle (°) 90 50 50 50

Reconstructed voxel size 
(mm)

0.49 x 0.49 x 0.7 0.23 x 0.23 x 0.6 0.22 x 0.22 x 1 0.23 x 0.23 x 2

Scan Time (min) 3.50 (2 NEX) 3.15 (1 NEX) 1.12 (2 NEX) 2.41 (1 NEX)

FOV (mm) 70 80 80 150

Philips Multiva 1.5T with dStream Microscopy coil® - Philips 4.7 cm diameter

  (1) T2 SPAIR, spectral attenuated inversion recovery (3D turbo spin echo)

  (2) T1 SPIR, spectral pre-saturation with inversion recovery (3D fast field echo)

  (3) T1 SPIR-EPI (3D fast field echo + echoplanar)

  (4) T1 SPIR FOV 150 (3D fast field echo with 150 mm field of view)
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Figure 1. Central single papilloma. (A) Axial MIP T2 showing an ectatic central duct with bright serous signal intensity and filling defect 
(arrow). (B) Axial MIP T1 with gadolinium, showing an enhancing mass. Central multiple papillomas: (C) Axial MIP T2 showing an ectatic 
and tortuous central duct with serous signal intensity with filling defects (arrows); (D) Volume rendering.
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allow more expectant management, 
including simple ductal ectasia, ga-
lactoceles (Figure 5), and fibrocystic 
mastopathies (Figure 6).

Normal milk ducts have longitu-
dinal folds that disappear when the 
duct is distended by accumulation 
of fluid, cells, tumor, and detritus.21 

Small coil MRI readily demon-
strates distended major lactiferous 
ducts. Given this, the more appro-
priate descriptive term is “ductal 
ectasia” instead of “dilated duct,” 
as the former refers to a measure-
ment that originated and was used 

in ultrasound imaging, within a 
range 1.0-4.4 mm.22

Depending on degree of distention 
and their contents, ectatic ducts 
can appear as filiform structures, 
tubular formations, or coarse cystic 
conglomerates in their most chronic 
stages. Ductal ectasia is usually an 
asymptomatic and nonspecific find-
ing, but it may present with nipple 
discharge and is a frequent finding 
on ultrasound. MRI in simple ductal 
ectasia reveals uniformly distended 
ducts with fluid or serosanguineous 
intensity signal with normal caliber, 

not distorted, with or without sub-
millimeter filling defects and with-
out wall enhancement. MRI with 
small coils also helps to precisely 
locate the compromised segment or 
quadrant if surgery is required.

Breast Cancer
Breast cancer may clinically 

manifest with nipple inversion or 
retraction, a size increase and/or 
asymmetry on areolar palpation, as 
in Paget disease, or with significant 
nipple discharge as the only finding.
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known to underestimate the extent of 
DCIS.27,28 MRI with small coils better 
represents segmental distribution;  
ie, triangular on maximum intensity 
projections and pyramidal on 3D 
volume rendering (Figures 7, 8). This 
finding supports previously published 
data that confirmed the high positive 
predictive value for a malignant 
lesion when encountering the clus-
tered ring enhancement pattern and 
segmental disposition.29,30

Palpable Lesions with Inverted 
or Retracted Nipples

Small coil image findings may be 
conclusive in these clinical situations; 

One subtype of breast cancer 
originating from the major lactif-
erous ducts presents with serous 
or bloody nipple discharge with a 
tumor growth pattern showing a 
mixture of papillary/micropapillary 
and/or cribriform growth without 
necrosis. No calcifications are 
expected on mammography in these 
cases, because, as Tabar indicates, 
“the nipple discharge prevents the 
long-term fluid stagnation within the 
duct”. 23,24,25

As an initial exam, breast ul-
trasound can be effective for the 
detection of invasive carcinomas 
and certain types of DCIS, including 
intraductal papilloma with DCIS or 

intraductal papillary carcinoma, 
which appear as masses. However, 
ultrasound may not be effective in 
detecting DCIS that manifests only 
with nipple discharge.  

With small coil MRI, the micropapil-
lary and cribriform growth patterns ap-
pear in discontinuous patches toward 
the nipple as non-mass-like regions of 
contrast enhancement, often in clus-
tered rings, branching in an increasing 
number of abnormal ducts (neoducto-
genesis)25,26, with little or no contrast 
washout for 5-10 minutes.

Detected by MRI, these features al-
low for more accurate determination 
of their extent and anatomic location 
better than ultrasound, which is 

Figure 2. Papilloma at the nipple base. (A) Axial MIP T2, ectatic tortuous central duct with serous signal intensity and filling defect. (B) 
Volume rendering. (C) MIP T1 with contrast enhancing mass. Note: The tortuous segment of the duct at the base of the ampullary segment 
is a normal anatomical finding (small arrow in A, B).

A B C

A BFigure 3. Coral-shaped papilloma enhancing 
on postcontrast T1 MIP. (A) Confluent 
multiple bars on MIP reconstruction and  
(B) volume-rendered reconstruction.
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they are primarily used to detect and 
characterize masses, to associate the 
retracted nipple with chronically dis-
eased ducts, or to assess the need for 
surgical exploration (Figures 9, 10).

Paget Disease
Once a lesion has been con-

firmed, either by mammography or 
ultrasound breast, MRI should also 
performed, as the modality offers a 
detailed exploration of the central 
cone of the breast (Figure 11) to 
search for an underlying cancer.31

Conclusion
MRI with small coils can provide 

a high-resolution targeted study 
(similar to diagnostic spot-magnified 
mammography) that can serve as an 
adjunct to standard techniques for 
evaluation of the nipple-areola com-
plex and retroaleolar breast.
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Figure 5. Galactocele. MIP T2 of ectatic ducts with large cystic dilatation (Inset: Volume-rendered reconstruction). (B) Ductal ectasia: 
MIP T2, ectatic ducts with serous signal intensity, no filling defects (Inset: volume-rendered reconstruction).
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Figure 6. Fibrocystic mastopathy, mixed pattern with small nodules and cysts. (A) MIP T2 of cysts (white arrows) interposed with nodules (yellow 
arrows). (B) MIP T1 with gadolinium showing multiple small nodules (yellow arrows) along with central and peripheral ductal ectasia (white arrows).
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A B

Figure 7. Carcinoma presenting with bloody nipple discharge, negative ultrasound. (A) T1 with gadolinium, lateral focal non-mass enhancement 
(yellow arrow) (Inset: T1 without contrast, with bright hemorrhagic signal intensity in ectatic central ducts, white arrow). (B) Volume rendering 
(Inset: histopathology of papillary and cribriform carcinoma).
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Figure 8. Carcinoma presenting with bloody nipple discharge. (A) MIP T1 
with gadolinium, central duct with bright hemorrhagic signal intensity 
(yellow arrow) and non-mass enhancement in conglomerated rings 
(white arrows). (B) Volume rendering showing thickened walls in the 
central duct (yellow arrow) and conglomerated rings branching in ducts 
(white arrows). (C) Conglomerated rings: hypointense centers (yellow 
arrows) represent ducts filled by malignant proliferation and bright rings 
(red arrows) represent neo-angiogenesis in the stroma enhanced with 
gadolinium.
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Figure 9. Palpable findings. (A) Ductal carcinoma: T1 with gadolinium, highly vascular, spiculated mass (inset: volume rendering). (B) 
Nipple adenoma: T1 with gadolinium, enhancing circumscribed lymph node (Inset: ultrasound showing nipple enlarged by a solid, 
vascular mass).
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Figure 10. Retracted nipple. (A) Mammogram with subareolar distortion 
and retracted nipple (white arrow). (B) T1 with gadolinium, irregular 
spiculated mass (white arrow) with a thick retro-areolar band (yellow 
arrow). (C) Volume rendering of a classic lobular carcinoma.
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Figure 11. Two patients with Paget disease. Patient 1: eczema-like lesion on the nipple and serous discharge. (A) Axial T1 MIP with 
gadolinium and (B) volume rendering both showing segmental, non-mass enhancement (white arrow) confluent to a central duct facing 
the nipple (yellow arrow). Patient 2: (C) Axial T1 MIP with gadolinium and (D) volume rendering both showing an enlarged nipple and lateral 
segmental non-mass enhancement with nipple-oriented conglomerated rings (white arrows). (Inset: mammogram with punctate segmental 
macrocalcifications in a ductal adenocarcinoma [yellow arrows]).
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