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The nipple-areolar complex (NAC), a unique anatomic struc-
ture of the breast, encompasses the terminal intramammary
ducts and skin appendages. Several benign and malignant
diseases can arise within the NAC. As several conditions have
overlapping symptoms and imaging findings, understand-
ing the distinctive nipple anatomy, as well as the clinical and
imaging features of each NAC disease process, is essential. A
multimodality imaging approach is optimal in the presence or
absence of clinical symptoms. The authors review the ductal
anatomy and anomalies, including congenital abnormalities
and nipple retraction. They then discuss the causes of nipple
discharge and highlight best practices for the imaging work-
up of pathologic nipple discharge, a common condition that
can pose a diagnostic challenge and may be the presenting
symptom of breast cancer. The imaging modalities used to
evaluate and differentiate benign conditions (eg, dermatologic
conditions, epidermal inclusion cyst, mammary ductal ectasia,
periductal mastitis, and nonpuerperal abscess), benign tumors
(eg, papilloma, nipple adenoma, and syringomatous tumor of
the nipple), and malignant conditions (eg, breast cancer and
Paget disease of the breast) are reviewed. Breast MRI is the
current preferred imaging modality used to evaluate for NAC
involvement by breast cancer and select suitable candidates
for nipple-sparing mastectomy. Different biopsy techniques
(US -guided biopsy and stereotactic biopsy) for sampling NAC
masses and calcifications are described. This multimodality
imaging approach ensures an accurate diagnosis, enabling
optimal clinical management and patient outcomes.
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Introduction
The anatomy and diseases of the nipple-areolar complex (NAC)
can make the evaluation of this anatomic region challeng-
ing. Multiple benign and malignant processes can involve the
NAC and have significantly overlapping imaging appearances.
Therefore, meticulous multimodality imaging evaluation is
needed to assess symptomatic patients and incidental imaging
findings to exclude an underlying malignancy. Understanding
the spectrum of normal appearances across different imaging
modalities enables accurate interpretation of the imaging and
pathologic findings in this region. Correlation with the patient’s
symptoms is key to interpreting the imaging findings, identify-
ing the underlying disease, and guiding clinical management.
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TEACHING POINTS

B Breast MRI is more sensitive and specific for evaluating PND than is
galactography. It is better tolerated by patients and less invasive com-
pared with galactography.

B The cancer rate among women with PND ranges from 3% to 33%. As
PND is the presenting symptom in 5%-12% of breast cancer cases, a
thorough imaging evaluation is indicated.

B NAC eczema mimics PD of the breast. However, unlike PD of the breast,
eczema of the NAC is usually bilateral.

B Breast MRl is sensitive for the detection of NAC involvement by a known
malignancy. The cutoff lesion-to-nipple distance is 1 cm.

B During stereotactic biopsy of a retroareolar lesion, positioning the
breast with the nipple rolled away may open a safe window for biopsy
that avoids the areola.

In this article, we discuss NAC anatomy and anomalies. We
review causes of nipple discharge and highlight best practices
for the imaging workup of pathologic nipple discharge (PND).
We review benign conditions, benign tumors, and malignant
conditions of the NAC. Finally, we discuss biopsy techniques
for sampling NAC masses and calcifications.

Ductal Anatomy

Guirguis et al

chest, running from the axillae to the inguinal regions. These
ridges give rise to several mammary buds along this line (1,2).
Normally, these buds atrophy; the exceptions are the buds in
the fourth intercostal space, which develop into the breast
and nipple (2,4). Failure of the mammary buds to completely
atrophy can lead to supernumerary nipples, which can arise
anywhere along the milk line but are most common in the ax-
illary and inframammary regions (2,4). Less common breast
and NAC anomalies include athelia (absence of the nipple and
areola), amazia (lack of breast tissue but with a nipple pres-
ent), and amastia (absence of the breast tissue and nipple) (2).

Nipple Inversion and Nipple Retraction

Although nipple retraction and nipple inversion frequently
are used interchangeably, they are distinct entities. Nipple re-
traction occurs when there is tethering of the nipple and are-
ola by the subareolar tissues, resulting in a nipple that lies flat
to the areola. Nipple inversion occurs when the entire nipple
is deep to the breast surface (Fig S1) (4). An inverted nipple
may be congenital or secondarily acquired due to a benign
or malignant process. Up to 10%-20% of women have one or
more inverted nipples at birth that are caused by hypoplasia
and retraction of the lactiferous ducts (5). Acquired nipple in-
version develops after puberty and breast development. The
causes of nipple inversion or retraction include traumatic fat
necrosis, an infectious process, ductal ectasia, sudden weight
loss, Mondor disease, subareolar papillomatosis, breast sur-
gery, and breast cancer (5).

Clinical Evaluation

The NAC marks the termination of the lactiferous ductal sys-
tem. The terminal duct lobular unit is the functional unit of
the breast lobule and produces milk (1-3). The lobules are ori-
ented radially in relation to the nipple, with several lobules
constituting a lobe (Fig 1) (1-4). About 15-20 lobes are pres-
ent within the breast and are drained by the lactiferous ducts
(1-4). The lactiferous ducts converge radially toward the nip-
ple. In the subareolar region, the converging lactiferous ducts
expand to form the lactiferous sinus (2). The skin of the NAC
is hyperpigmented squamous epithelium and includes sweat
glands, sebaceous glands, hair follicles, and smooth muscle
(4). The NAC has a rich subareolar lymphatic plexus. This may
explain why cancers near the NAC may have a faster propen-
sity for axillary lymph node metastasis (2). The Montgomery
glands, whose openings form 1- to 2-mm tubercles on the are-
olar skin (Fig1), are the modified sebaceous glands of the NAC
(4). The Montgomery glands are connected to the skin sur-
faces by way of Montgomery (or Morgagni) ducts (1,2,4). The
epithelium lining the ducts is continuous with the dermis of
the nipple. This anatomy explains how breast cancer cells can
spread through the epithelium to involve the areolar skin, as
seen in Paget disease (PD) of the breast (1,2).

Breast and Nipple Anomalies

Developmental Anomalies
During embryologic development, the ectodermal ridges
(also called milk lines) form on both sides of the anterior
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A comprehensive clinical history and thorough physical ex-
amination are crucial components in the diagnosis of NAC
diseases. They provide the framework for the breast imaging
assessment. The presence of a palpable lump, changes in the
appearance of the NAC, nipple discharge, and/or new nipple
inversion warrant further investigation. Distinguishing physi-
ologic nipple discharge from PND requires the acquisition of a
thorough medical history. At physical examination, the health
care provider should check for scaly skin, inverted or retracted
nipples, nipple discharge, edema, peau d’orange, draining fluid
collections, or a palpable mass.

Imaging Evaluation
The NAC is difficult to evaluate with imaging. It is superficial
and highly mobile and has a wide spectrum of normal appear-
ances (1,2). Many NAC disease processes have nonspecific over-
lapping imaging findings and clinical presentations, posing a
diagnostic challenge.

Mammography

Mammography and digital breast tomosynthesis are usually
the first imaging modalities indicated in patients with nip-
ple symptoms or abnormalities. Although mammography
has low sensitivity for identifying masses in the subareolar
region, it has high sensitivity for detecting suspicious calci-
fications (6). Digital breast tomosynthesis can differentiate
between skin lesions and masses in the nipple or retroareolar
region. Nipple positioning is important when evaluating for
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NAC anomalies (2). In the United States, the Enhancing Qual-
ity Using the Inspection Program (EQUIP) guidelines require
that the nipple be centered within the detector and in profile
in at least one mammographic projection (7). In addition, nip-
ple markers can help to identify the nipple, distinguishing a
retroareolar mass from an inverted or rolled nipple (Fig 2).
Additional spot compression or magnification views of the
subareolar area can help to identify NAC abnormalities in pa-
tients with nipple symptoms (Fig 3).

Ultrasonography

US of the breast with a high-frequency (at least 12 MHz) lin-
ear transducer is the optimal modality for evaluating the ret-
roareolar region (8). It provides excellent spatial resolution
of this superficial anatomy (2,8). Placing a gel-filled pad, also
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Figure 1. Breast ductal anatomy. The
terminal duct lobular unit (blue cells) is the
functional unit of the breast lobule that is
responsible for milk production. Several
lobules constitute a lobe. Lactiferous ducts
drain 15-20 lobes of the mammary gland. In
the subareolar region, the ducts converge
and expand to form the lactiferous sinus.
The ducts then drain through 9-20 orifices
in the nipple. Morgagni tubercles are raised
areas of the areolar skin and represent the
openings of the ducts of the Montgomery
glands, which are modified sebaceous
glands that help lubricate the areola during
lactation.

Figure2. Mammographic positioning of the nipple
in a 60-year-old woman with known invasive lobular
carcinoma. (A) Right craniocaudal mammogram

§ shows a rolled nipple (arrow) simulating a mass,+
and a right breast retroareolar invasive lobular
carcinoma (arrowhead). (B) Spot compression view
shows the nipple (marked with a metallic BB marker)
in profile and the subareolar malignancy (arrow-
head), enabling more effective evaluation of the NAC
in this patient.

known as a standoff pad, between the ultrasound probe and
the skin, or the use of ample gel (Fig 4), is helpful in evalu-
ating the mobile and superficial anatomy of the NAC (2,8).
Significant acoustic shadowing is usually seen while scan-
ning the subareolar region. This shadowing is multifactorial
due to uneven areolar skin, protuberance of the nipple, and
convergence of the ducts (8). Angling the probe or using one
of several compression techniques (peripheral compression,
rolled nipple, two-handed compression) can help eliminate
the shadowing (Fig S2) (1,2,8).

The NAC has a spectrum of normal appearances. Compar-
ing the affected nipple with the contralateral nipple is often
useful and easily feasible. Sonographically, the mammary
ducts are anechoic tubular structures that may be complete-
ly collapsed or measure 1-2 mm if they are visible (Fig 4) (1).
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Figure 4. US appearance of normal retroareolar ducts. Transverse
US image in a 41-year-old asymptomatic woman who presented for
screening US shows nearly collapsed retroareolar ducts (arrows)
converging in the retroareolar region. Ample gel (arrowheads) was
used to evaluate the nipple (N).

Once a dilated duct is identified, the ultrasound beam can be
aligned radially and antiradially with the duct to determine
whether an intraductal mass is present. Ductal dilatation
should be interrogated with color Doppler US to distinguish
secretions, which lack color flow, from intraductal masses (1).

Galactography

Galactography can be performed when mammography, US,
and MRI findings are inconclusive, especially in the setting
of PND. During galactography, contrast material is injected
through a cannula into the discharging duct. Normal ducts
have a thin wall and taper smoothly, unlike diseased ducts,
which may have an abrupt cutoff sign or a filling defect (1).
Galactography is invasive, time consuming, and technically
challenging (9). Successful duct cannulation requires the nip-
ple discharge to be visible on the day of the examination and
the absence of contrast material extravasation (9). In recent
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Figure 3. Mammographic workup of nipple
symptoms in a 65-year-old woman who presented
with bloody left breast nipple discharge. A full-
field craniocaudal left breast mammogram (A) and
then a spot craniocaudal mammogram (B) were
obtained for further evaluation of the discharge.
The spot view (B) shows a retroareolar mass
(arrow) that was not evident in A. The nipple is
marked by a metallic BB marker.

years, breast MRI has replaced galactography as the preferred
modality for evaluating PND (9).

Breast MRI

Breast MRI can be used as an adjunctive modality when find-
ings at conventional imaging are inconclusive or if they are
negative in the setting of suspicious NAC symptoms or ex-
amination findings. As mentioned, MRI has become the pre-
ferred method for evaluating PND (9). In addition, MRI can be
used to accurately assess NAC involvement by breast cancer.
(See the “Breast Cancer” section of “Malignant Tumors of the
NAC” in this article.) Breast MRI is more sensitive and specific
for evaluating PND than is galactography. It is better tolerated
by patients and less invasive compared with galactography.

On MR images, normal ducts are often indistinguishable
from the surrounding breast parenchyma. When the ducts
are dilated with fluid, they appear as branching tubular struc-
tures with low to high T1 signal intensity, depending on the
proteinaceous or hemorrhagic content (2). The walls of nor-
mal ducts can show no or thin enhancement.

Physiologic enhancement of the NAC is usually symmetric
(Fig 5A), but in some cases, it can be asymmetric in the early
phase, becoming more symmetric in the delayed phase (Fig
5B) (10). Gao et al (10) found that 96% of NACs had symmet-
ric enhancement and that the nipple was more commonly
everted (75%) and less commonly flat (23%) or inverted (2%).
They classified physiologic nipple enhancement as (a) super-
ficial linear enhancement—that is, the linear enhancement at
the skin level; (b) the nonenhancing zone—that is, the non-
enhancing line immediately below the superficial linear en-
hancement; and (c) internal nipple enhancement—that is,
the enhancement between the nonenhancing zone and the
base of the nipple (Fig 6) (10).

Contrast-enhanced Mammography

Contrast-enhanced mammography (CEM) has emerged as a
breast imaging modality that has improved accuracy com-
pared with the accuracy of mammography and US (11). In a
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Figure 5. Physiologic nipple enhancement at mammography in two patients. (A) Physiologic nipple enhancement is more likely to be sym-
metric, as in this case of a 50-year-old woman with a family history of breast cancer who presented for screening breast MRI. Maximum intensity
projection breast MR image shows mild physiologic symmetric nipple enhancement and no suspicious findings. (B) Asymmetric physiologic
enhancement is a less common variant that is more conspicuous during the early contrast enhancement phase, becoming less prominent during
more delayed phases. In this case of asymmetric physiologic enhancement, a 53-year-old woman with a 15-year history of right breast ductal
carcinoma in situ (DCIS) who underwent breast-conserving treatment presented for surveillance. Maximum intensity projection breast MR image
shows asymmetric early phase enhancement of the right nipple (arrow), as compared with the appearance of the left nipple.

Figure 6. Zones of physiologic NAC enhancement. Axial T1-weighted MR images of
the right nipple, with (left) and without (right) annotations, show the zones of normal
nipple enhancement. The superficial linear enhancement (arrowheads) is the thin
linear enhancement at the level of the skin. This enhancement is usually more intense
than the skin enhancement in the rest of the breast. The nonenhancing zone (yellow
arc) is the thin nonenhancing area immediately below the superficial linear enhance-
ment. The internal nipple enhancement (arrows) is located below the nonenhancing
zone and can be patchy or linear. The images in this patient show a linear internal

nipple enhancement pattern.

study examining the use of CEM in cases of PND by Fakhry
etal (12), CEM had higher sensitivity and diagnostic accuracy
than those of combined mammography and US. Also, unlike
MRI, CEM can also depict suspicious calcifications (13). For
patients with contraindications to breast MRI, CEM may be
an alternative and less expensive imaging modality (Fig 7)
(13).

Imaging Evaluation of Nipple Discharge
Nipple discharge is the third most common breast symptom,
second only to breast pain and breast lump (14). Although
nipple discharge is often benign, it is an alarming symptom.
Benign nipple discharge can be physiologic or caused by an
underlying hormonal etiology such as galactorrhea. Physio-
logic nipple discharge is nonspontaneous, bilateral, and in-
termittent or long standing and arises from multiple ducts. It
is characteristically green, yellow, or milky. Conversely, PND
is unilateral, spontaneous, and characteristically serous or
bloody, and it arises from a single duct. The cancer rate among
women with PND ranges from 3% to 33% (14).
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As PND is the presenting symptom in 5%-12% of breast
cancer cases, a thorough imaging evaluation is indicated (14).
In adult men and women aged 40 years or older, mammogra-
phy is the first-line imaging modality for patients with PND.
However, mammography has low sensitivity (15%-68%) and
a low positive predictive value (16.7%) for breast cancer, espe-
cially in cases of dense breasts (14). Further evaluation with
breast US is indicated as a complementary examination, at
which lesions that are not found on mammograms are iden-
tified 63%-69% of the time. Compared with mammography,
US has higher sensitivity (56%-80%) but lower specificity
(61%-75% vs 38%-98%) (14). In women younger than 30 years,
breast US is the initial modality of choice, while in women be-
tween the ages of 30 and 40 years, mammography or US can
be the initial imaging study (14).

Historically, galactography has been the imaging modali-
ty of choice for PND. However, it yields incomplete results in
10%-15% of cases and cannot reliably exclude malignancy;
thus, further evaluation with breast MRI is necessary in many
cases (9). MRI has higher sensitivity (92%) and specificity

radiographics.rsna.org
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Figure 7. CEM performed for stagingin a
58-year-old woman with newly diagnosed right
breast invasive ductal carcinoma who present-
ed with a palpable mass and new nipple retrac-
tion. Mediolateral CEM subtraction image shows
an irregular avidly enhancing mass (arrow) with
indistinct margins and an associated clip mark-
er. The mass appears to be continuous with the
nipple (arrowhead), which is retracted.

(76%) rates than those of galactography (69% and 39%, re-
spectively) (9,14). In patients with negative imaging findings,
major duct excision remains the reference standard for ex-
cluding malignancy (14). When imaging findings, including
those of MRI, are negative, galactography may still be useful
to localize intraductal lesions and aid surgery in patients with
PND. Patients who undergo galactography-guided surgery are
significantly more likely to have a specific underlying lesion
identified than are patients who undergo central duct exci-
sion alone (15). Although nipple-smear cytology is performed
in many centers as part of the workup of PND, it should not be
used as a diagnostic method. Pooled data from multiple stud-
ies suggest that nipple-smear cytology has limited diagnostic
accuracy (16).

Postoperative Changes of Native and Recon-
structed Nipples
Mastopexy and reduction mammoplasty are common aes-
thetic surgeries performed for cosmetic reasons, including to
correct breast asymmetries following breast cancer surgery.
Typical mammographic findings seen after reduction mam-
moplasty and mastopexy include nipple elevation, retrac-
tion of the lower breast, skin thickening, retroareolar fibrotic
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Figure 8. Changes after breast reduc-
tion in a 48-year-old woman. Mediolat-
eral mammogram of the right breast
shows nipple elevation (solid arrow),
retraction of the lower portion of the
breast (arrowhead), and retroareolar
fibrotic bands (dashed arrows) with
associated benign fat necrosis calcifi-
cations.

bands, downward shifting of the glandular tissue, and areolar
skin calcifications (Fig 8) (17,18).

In patients who have undergone mastectomy, NAC recon-
struction is the final phase of breast reconstruction and is
typically performed 4-6 months after the reconstruction (19).
Varying techniques are used to reconstruct the nipple and
areola, which can be reconstructed with local flaps, a com-
posite of local flaps with augmentation grafts, or composite
tissue graft placement. The recreated areola is tattooed 6-12
weeks following surgery. On breast MR images, enhancement
of the reconstructed nipple is similar to that of the adjacent
skin (Fig 9). The characteristic native nipple enhancement is
absent (19). (See the “Breast MRI” section.)

Nipple Calcifications

Calcifications in the nipple are not common and typical-
ly have a benign cause such as obstructed hair follicles or
glands, intraductal papilloma, or fat necrosis, which most
often occurs secondary to reduction mammoplasty (Fig 10)
(1). Calcifications in the NAC can also be related to a malig-
nant process such as PD of the breast, invasive carcinoma, or
ductal carcinoma in situ (DCIS) (Fig 11) (1,3,20). Like debris
artifact encountered elsewhere in the breast, topical oint-
ments and radiopaque debris can mimic calcifications (1).
Debris artifact can be distinguished from true calcifications
by having the patient thoroughly cleanse the NAC before re-
imaging.

radiographics.rsna.org
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Figure9. Reconstructed nipple after central segmentectomy
3years previously in a 54-year-old woman with right breast can-
cer who presented for surveillance breast MRI. Axial maximum
intensity projection MR image shows the enhancement of the
native nipple on the left (arrow), as compared with the enhance-
ment of the reconstructed right nipple, which appears flatter
with enhancement similar to that of the adjacent skin. Note

the asymmetry of the background parenchymal enhancement,
which is greater on the left than on the right, compatible with
prior radiation therapy.

Benign Diseases of the NAC

Eczema

Eczema of the NAC is generally bilateral, predominantly seen
in individuals with atopy, and frequently associated with se-
vere pruritis (3,4,20,21). Often, only the areola is affected while
the area adjacent to the base of the nipple is spared (4,20,21).
The breast is less likely to be involved, and the nipple is rarely
affected (20). Physical examination reveals scratched, thick-
ened, cracked, dry, and scaly skin, which can appear raw or
inflamed (Fig 12A) (4). Small raised bumps can leak fluid
and can crust over due to scratching. Chronic eczema can be-
come lichenoid (21). US findings include skin thickening and
increased vascularity (Fig 12B) (21). In contrast to PD of the
breast, eczema of the NAC advances more quickly, is almost
always bilateral, and responds rapidly to corticosteroid treat-
ment (21). If there is clinical uncertainty, skin punch biopsy
should be considered to exclude PD of the breast (21). Psoria-
sis of the NAC may also cause excoriation and ulceration (3).
NAC eczema mimics PD of the breast. However, unlike PD of
the breast, eczema of the NAC is usually bilateral.

Epidermal Inclusion Cyst

Epidermal inclusion cyst (EIC) is a benign cutaneous or
subcutaneous lesion that develops secondary to the prolif-
eration of epidermal elements within the dermis (22). The
cysts grow owing to the accumulation of epithelial and kera-
tinous debris (22). Although EICs are more common in the
trunk and extremities, they can rarely occur in the breast,
including the nipple or areola cutaneously or the subareolar
or periareolar regions intraparenchymally (Fig 13) (22,23).
Associated nipple discharge, which can be bloody due to a
ruptured EIC, has been reported (23). The most common
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| Figure 10. Benign nipple calcifica-
tionsin a 65-year-old woman with a
history of breast reduction who pre-
sented for screening mammography.
Zoomed right breast mediolateral
oblique mammogram shows round
(arrows) and lucent centered (arrow-
head) calcifications within the nipple,
= consistent with benign calcifications.

clinical presentation is a superficial palpable lump (22,23).
US is considered the diagnostic tool of choice, typically show-
ing a circumscribed mass with posterior acoustic enhance-
ment and complex cystic and solid or heterogeneous internal
echogenicity (23). An “onion ring” sign, created by alternat-
ing concentric hyper- and hypoechoic rings corresponding to
lamellate keratin, has been reported (24). At mammography,
acircumscribed mass with or without microcalcifications can
be seen (23). MRI shows a circumscribed mass with variable
T2 signal intensity, with or without peripheral rim enhance-
ment (23). Surgical excision is recommended when the cyst is
larger than 2 cm and palpable or when it causes patient dis-
comfort (22). Removal of the entire cyst wall is recommend-
ed to prevent recurrence or malignant transformation (22).
If the cyst is asymptomatic, is small (<2 cm), and has typical
imaging features, intervention is not required (22).

Mammary Ductal Ectasia

Mammary ductal ectasia, defined as benign dilatation (>3 mm)
of the ductal system, is one of the most common benign NAC
pathologic conditions (1). With the onset of menopause, the
breast undergoes involution, causing ductal shortening and
dilatation (25). Nipple discharge, nipple retraction, noncycli-
cal breast pain, and a palpable lump are the most common
symptoms (1).

On mammograms, nonspecific focal asymmetry, dilated
branching subareolar asymmetry, and/or large rodlike cal-
cifications can be seen (Fig 14A) (1,2). Sonographic findings
include one or more anechoic distended ducts without an ob-
structing intraductal mass (Fig 14B). Similar findings are seen
at MRI (1). The duct walls typically do not enhance, although
smooth thin enhancement can be seen and may indicate in-
traductal inflammation (2). Bilateral ductal ectasia is usually
benign. While unilateral ductal ectasia may also be benign,
certain sonographic findings, including a nonsubareolar lo-
cation, hypoechoic intraluminal contents, irregularity of the
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Figure 11.
in an 81-year-old man with a palpable mass and nonbloody right
nipple discharge. Right breast lateromedial spot magnification
mammogram shows an irregular mass (arrow) in the retroareolar
region, with associated fine linear branching calcifications (arrow-
head), which are seen extending in a linear distribution into the
nipple. Core-needle biopsy and surgical excision revealed inva-
sive ductal carcinoma and DCIS in a background of solid papillary
carcinoma, with involvement of the nipple.

Breast cancer with associated nipple calcifications

Figure 12. NAC eczemain a 21-year-old woman with bilateral nipple discharge, itching, and erythema. (A) Photo-

graph of the left breast shows thickened, cracked, scaly skin involving the areola. (B) Longitudinal left breast color
Doppler US image shows a mild increase in vascularity. Similar findings were seen at clinical examination and US of
the right breast (not shown). The clinical diagnosis was consistent with eczema, with prompt response to cortico-

steroid treatment.

duct wall, and a solid intraductal mass, raise suspicion for
malignancy (25).

Periductal Mastitis

Although periductal mastitis has distinct causes, it has clini-
cal and imaging features that are similar to those of mamma-
ry ductal ectasia. Periductal mastitis is a suppurative inflam-
matory condition that occurs in nonlactating premenopausal
women (1,2). The causes of this condition remain unknown
but may include bacterial infection, inflammation, and duc-
tal obstruction. Risk factors include smoking, diabetes, and
obesity (1,2). The areola may be erythematous and painful,
and nipple discharge or inversion may be part of the clinical
presentation, mimicking mammary ductal ectasia and breast

Volume 44 Number 4

cancer (2). Treatment includes symptom relief and antibiot-
ics when there is an associated infection (26).

Breast Abscess
Although breast abscesses are benign, they can cause long-
term morbidity (27). They result from lactiferous duct or peri-
areolar follicle obstruction and stasis, causing subsequent in-
flammation and infection (27). A fistulous track forms when
the abscess ruptures through the skin (27). Unlike lactational
abscesses, nonpuerperal abscesses affect patients of a wider
age range and recur more frequently (28).

Symptoms include swelling and pain. Other symptoms are
pus, skin warmth, nipple discharge, a palpable lump, and fe-
ver (28). At mammography, a mass with obscured or indistinct
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Figure 13. Epidermalinclusion cystin a 71-year-
old woman with a history of contralateral breast
cancer who presented for assessment of a palpable
lesion in the right nipple. Color Doppler US image
shows an isoechoic round mass (arrow) within the
nipple with circumscribed margins and increased
vascularity. Fine-needle aspiration was performed.
Cytologic findings were consistent with an epider-
mal inclusion cyst.

margins and focal or global asymmetry is seen (Fig 15A) (28).
At US, a complex solid cystic mass, heterogeneous hypoechoic
mass, or nonmass lesion can be seen (Fig 15B) (28). The clinical
and imaging presentations can mimic those of inflammatory
breast cancer, which should be carefully excluded. Treatment
includes antibiotics, image-guided aspiration, or surgical in-
cision and drainage (27). Recurrent subareolar abscesses, also
known as squamous metaplasia of lactiferous ducts (SMOLD),
are relatively common. Inappropriate management of these
abscesses can lead to prolonged disease and disfigurement
(29). Complete surgical excision is usually indicated for SMOLD
(29,30).

Benign Tumors of the NAC

Papilloma

Papillomas are intraductal masses consisting of a prolifera-
tion of epithelial cells with a fibrovascular stalk. Central pap-
illomas typically are subareolar solitary lesions arising from
the main ducts. Peripheral papillomas involve the peripheral
ducts and tend to be multiple, occupying a quadrant within
the breast. Papillomas can be associated with atypia or malig-
nancy, and higher prevalences of both atypia and malignancy
have been identified among patients with multiple peripheral
papillomas (1,31).

Patients commonly present with spontaneous, unilater-
al, and clear or bloody nipple discharge. However, papillo-
mas may also be incidental imaging findings that are most
frequently detected on US images (31). A circumscribed,
complex, solid or cystic intraductal mass with associated
internal vascularity is usually seen (Fig 16A). Papillomas
are often mammographically occult. When they are seen,
findings include circumscribed round or oval masses,
sometimes with microcalcifications (31). A round or oval en-
hancing mass with associated high T2 signal intensity and
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Figure 14. Mammary ductal ectasiain a
69-year-old woman with a 10-year history of
intermittent bilateral clear nipple discharge.
(A) Left breast mediolateral oblique tomosyn-
thesis section shows asymmetries (arrows)
resembling dilated ducts in the central portion
of the breast. (B) Radial US image shows
nonspecific dilatation of the retroareolar ducts
(arrows).

variable enhancement kinetics are common MRI findings
(Fig 16B). An associated dilated duct may be visible. The
current management of papillomas is evolving, with recent
evidence indicating that surveillance may be an option for
patients—specifically, those without atypia (Fig 16C) (1,32).
The most recent American Society of Breast Surgeons con-
sensus guidelines (33) recommend excision for papillomas
that involve atypia owing to an upgrade in disease stage at
the time of surgical excision up to 67% of the time. Papillo-
matosis is a rarer entity defined by the presence of multi-
ple intraductal papillomas that usually occurs in the distal
duct-lobular units and in younger patients. The association
of papillomatosis with malignancy is still debatable, with no
clear imaging and follow-up guidelines (34).

Nipple Adenoma

Nipple adenomas form when the epithelium of the lactif-
erous ducts and duct orifice proliferates (35-37). Although
some of these adenomas are asymptomatic, the clinical
presentation includes palpable or visible changes of the
nipple with friable tissue or erosion and focal ulceration,
resulting in simulation of bloody nipple discharge (35-37).
Nipple adenomas are often mammographically occult (1,35).
Asymmetric enlargement of the nipple may be identified
at mammography (35). Calcifications are not typically seen
(35). The US depiction of nipple adenoma may be technical-
ly challenging owing to the superficial nature of this tumor.
The expected findings, if identified at US, include circum-
scribed hypoechoic masses within the nipple with increased
vascularity (1,35). On MR images, increased T1 and T2 signal
intensity with washout kinetics may be present with focal
nipple enhancement (Fig 17) (1). Traditional management
includes complete surgical excision due to nonspecific clin-
ical findings that overlap with PD of the breast (nipple ade-
nocarcinoma) (36).
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Figure 15. Subareolar breast abscess in a 26-year-old woman who had an enlarging retroareolar mass for 2
months. Most recently, the mass became enlarged, swollen, and inflamed. (A) Right breast lateromedial mam-
mogram shows a high-density palpable, irregular, retroareolar mass (*) with indistinct margins. A triangular
marker (arrow) was placed on the skin before imaging to mark the palpable lump and guide the radiologist.
(B) Longitudinal color Doppler US image shows a complex cystic and solid mass (*) and increased vascularity.
Cytologic analysis revealed marked acute inflammation associated with mature nucleated and rare multi-
nucleated giant cells. (C) Papanicolaou test specimen shows abundant neutrophils (red arrows) and a few
mature squamous cells (black arrows). (Papanicolaou stain; original magnification, x40.) The culture specimen
(not shown) revealed several organisms consistent with mastitis and abscess. The patient was treated with
antibiotics, after which her symptoms improved.

_ fibrovascular-

Figure 16. Papillomain an 82-year-old woman who pre-  « !
~core .

sented with spontaneous clear nipple discharge. (A) Longi- Lo,
tudinal color Doppler US image shows a vascular retroare- luminal/epithelial
olar nipple mass. (B) Axial postcontrast T1-weighted MR “eellsand
image shows an enhancing mass (arrow) within the nipple. myoepithelial*
Core-needle biopsy was performed by using a semiautomat- .~ cells.
ed device, which was advanced to the retroareolar mass,
with ample lidocaine used. The deeper part of the mass was
sampled. (C) Stained core-needle biopsy specimen shows a
benign papillary lesion with a fibrovascular core, consistent
with papilloma. (Hematoxylin-eosin stain; original magnifi-
cation, x4.)
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Figure 17. Nipple adenomain a 61-year-old woman with
Li-Fraumeni syndrome who presented for screening breast
MRI. (A) Sagittal postcontrast T1-weighted subtraction MR
image shows an enlarged enhancing right nipple (arrow)
with washout kinetics (not shown). (B) Longitudinal power
Doppler US image shows an isoechoic mass (arrow) within
the nipple, with increased vascularity. (C) Histopathologic
analysis revealed adenosis and usual ductal hyperplasia in
a papillary architecture. (Hematoxylin-eosin stain; original
magnification, x4.) The diagnosis after surgical excision
was nipple adenoma.

Syringomatous Tumor of the Nipple
Syringomatous tumor of the nipple (SyT) arises from the ad-
nexal eccrine gland of the skin. Although benign, SyT mim-
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Figure 18. Syringomatous tumor of the nipplein
a 77-year-old woman with a history of breast cancer
treated with lumpectomy who was called back for
calcifications in her right nipple. (A) Right breast
craniocaudal magnification-view mammogram
shows grouped amorphous calcifications (arrow) in
the retroareolar region. (B) Longitudinal color Dop-
pler US image shows a nipple mass with increased
vascularity (arrow). Biopsy and subsequent surgical
excision yielded syringomatous tumor of the nipple
associated with DCIS.

ics cancer because it can locally infiltrate surrounding tissue
(38). Histologically, SyT is centered in the dermis of the NAC,
often appearing as a solitary firm mass in the subareolar re-
gion. Common clinical findings include tenderness and pru-
ritis. Ulceration, nipple inversion, and discharge are less com-
mon (39). Mammographic findings are often nonspecific and
may include a circumscribed or spiculated subareolar mass
with or without microcalcifications (40). US images may show
an irregular mass with internal heterogeneous echoes (Fig
18) (39). SyT is histologically challenging to diagnose owing to
the overlap of microscopic features with those of other nipple
disorders. As a result, the diagnosis is often determined after
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Figure 19.
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Retroareolar right breast cancer obscured by heterogeneous breast density in a 73-year-old woman with a

history of contralateral left breast cancer after breast conservation therapy who presented for surveillance. (A) Lateral right
breast spot magnification-view mammogram shows benign-appearing calcifications without suspicious findings. Bilateral
breast US (not shown) performed for surveillance was negative for suspicious breast findings, but it did show suspicious
right axillary adenopathy, which was sampled at biopsy and proved to be metastatic. (B) Bilateral breast MR image acquired
for further evaluation shows a retroareolar mass involving the right nipple, which was not evident at mammography or US.
(C) Second-look US shows a suspicious mass (arrow) that extends to the base of the right nipple (arrowhead); this 3-cm
mass was not identified at initial US owing to normal nipple (N) shadowing.

surgical excision (39,41). Wide local excision with clear mar-
gins remains the preferred treatment to reduce recurrence;
the reported recurrence rate is up to 45% in cases in which
there are no clear surgical margins (42).

Malignant Tumors of the NAC

Breast Cancer
Invasive cancer and DCIS can begin in or spread to the nip-
ple. Invasive ductal carcinoma, the most common breast can-
cer type, is also the most common malignancy involving the
NAC (20). About 10% of breast cancers arise within the central
ducts, less than 2 cm from the nipple (10). Subareolar cancers
are challenging to identify because they can be mistaken for
normal nipple structures at mammography or may be ob-
scured by retroareolar shadowing at US (Fig 19).
Nipple-sparing mastectomy (NSM) has become more prev-
alent because it provides superior cosmetic results (43). The
primary oncologic concern with NSM is the potential for re-
sidual tumor cells in the NAC, which may lead to recurrence.
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The prevalence of NAC involvement in breast cancer ranges
between 9% and 14% (43,44). High-grade tumors, human epi-
dermal growth factor receptor 2-positive central tumors, tu-
mors larger than 5 cm, multifocal tumors, and nodal involve-
ment are risk factors for NAC involvement (43,44).
Mammography and US are insufficient for assessing NAC
invasion. Preoperative breast MRI is useful in determining
the lesion-to-nipple distance and recognizing worrisome en-
hancement between the nipple and the known malignancy
(45). Earlier studies showed that a lesion-to-nipple distance
greater than 2 cm was unlikely to be associated with NAC in-
vasion (46). In more recent studies, this cutoff has been re-
duced to1cm (47). When predicting NAC involvement, a com-
bination of any tumor-nipple enhancement (during the early
or delayed phase) with the lesion-to-nipple distance enables
the best prediction of NAC involvement by breast cancer (Fig
20) (45). The high negative predictive value (94.8%) of breast
MRI aids in the selection of NSM candidates (48). Despite this,
intraoperative subnipple biopsy should still be performed to
detect occult nipple invasion, allowing excision of the NAC at
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Figure 20. Preoperative MRI evaluation of the
NAC in a 55-year-old woman with right breast
invasive ductal carcinoma and DCIS. Preoperative
breast MRI was performed to evaluate the disease
extent. Sagittal postcontrast T1-weighted breast
MR image shows a distance of greater than 1 cm
between the nipple base and the anterior aspect

of the known malignancy (arrow). The patient
underwent breast nipple-sparing mastectomy
successfully. The surgical margins and results of
intraoperative biopsy of the nipple base were nega-
tive for malignancy.

the time of surgery if it is involved (48). Breast MRI is sensitive
for the detection of NAC involvement by a known malignancy.
The cutofflesion-to-nipple distance is 1 cm.

PD of the Breast

PD of the breast is a rare cancer that accounts for 0.5%-5.0% of
all breast cancers (49). It is characterized by the presence of tu-
mor cells within the epidermis of the NAC. The pathogenesis is
controversial. The epidermotropic theory speculates that ductal
cells migrate to the nipple epidermis from an underlying breast
cancer, while the transformation theory speculates that Paget
cells result from keratinocytic malignant transformation (49).

PD of the breast is most common among women between
the ages of 50 and 60 years (49). The clinical characteristics
of PD of the breast are eczematoid changes that can progress
to nipple ulceration and NAC destruction. Given the eczem-
atoid symptoms (Fig 21A), PD of the breast can be mistaken
for benign skin conditions, leading to possible delays in the
diagnosis if temporary relief occurs with steroid treatment
(50). Unlike PD of the breast, NAC eczema typically involves
both nipples (51).

Full-thickness nipple punch biopsy is diagnostic for PD of
the breast. Nipple exfoliative cytology also can be helpful. The
presence of pale Paget cells with increased cytoplasm is the
histologic signature of PD of the breast (52). PD of the breast is
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Figure 21. PD of the breast in a 68-year-old woman
with left nipple pain, excoriation, and bloody nipple
discharge. (A) Photograph of the left breast shows ery-
thema and inflammation of the left NAC. (B) Maximum
intensity projection breast MR image shows abnormal
enhancement of the left nipple (arrowhead) and an
irregular breast mass with irregular margins and asso-
ciated clumped segmental nonmass enhancement in
the medial breast (arrows). The patient was diagnosed
with PD of the nipple with invasive ductal carcinoma
and DCIS (positive for estrogen receptor, progesterone
receptor, and human epidermal growth factor recep-
tor) of the left breast.

associated with a high histologic grade, lymph node involve-
ment, absence of estrogen and progesterone receptors, and
overexpression of human epidermal growth factor receptor 2
(53). An underlying invasive cancer or DCIS is present in up
to 90% of cases (52). Multicentricity is reported in 32%-41%
of cases (54,55). Mammographic findings of PD of the breast
include NAC thickening, retraction, flattening, and microcal-
cifications (20). In as many as 50% of cases, mammography
is negative (56). Dilated ducts, masses, and calcifications are
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US-guided biopsy of retroareolar calcifications performed in lieu of stereotactic biopsy in a 66-year-old woman. The

patient was called back after screening for right breast calcifications. (A) Lateromedial magnification-view right breast mammogram
shows grouped suspicious retroareolar calcifications (arrow). (B) Transverse US image shows a correlating mass (arrow) with echogen-
ic foci. (C) US image was obtained during US-guided biopsy. Analysis of the biopsy specimen (not shown) confirmed the presence of
calcifications. (D) Lateromedial postprocedural mammogram findings confirmed removal of the calcifications and the appropriate clip
position (arrow). Pathologic analysis demonstrated an atypical papillary lesion.

the most common US findings (2). Breast MRI should be per-
formed to identify an underlying malignancy if none is seen
at conventional imaging (Fig 21B). MRI features include flat-
tening or asymmetric enhancement of the nipple, nonmass
enhancement, and enhancing masses (57).

Mastectomy is the standard treatment of PD of the breast.
However, breast-conserving surgery with central lumpecto-
my and whole-breast radiation may be a less invasive option
with similar survival rates (58). When PD of the breast is as-
sociated with an invasive malignancy, the prognosis is worse
than that for PD that is associated with DCIS alone or PD that
is confined to the NAC (59).

Biopsy Techniques

US-guided Biopsy
Nipple calcifications and masses are uncommon but can
pose a management challenge for radiologists when they
are detected (60). Calcifications of the NAC are commonly
benign; however, a malignant cause is possible and must be
excluded. Therefore, suspicious NAC calcifications, similar
to calcifications elsewhere in the breast, require biopsy. For
the initial attempt to sample nipple calcifications, US guid-
ance should be used. With meticulous US scanning, a sono-
graphic correlate for mammographic calcifications may be
identified. US-guided biopsy can then be a more feasible al-
ternative to stereotactic biopsy (Fig 22).

Performing US-guided biopsy of a nipple mass or nipple
calcifications is challenging but feasible; it requires patience
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and planning. The nipple is a sensitive structure with many
nerve endings, so ample local anesthetic should be admin-
istered. Additional measures to alleviate discomfort include
using buffered lidocaine with sodium bicarbonate or lido-
caine with epinephrine and allowing time for the lidocaine
to take effect before the biopsy. The patient should be made
aware of the possibility of pain and bloody nipple discharge
following the procedure.

US-guided fine-needle aspiration (FNA) is the easiest
method used to sample nipple masses or calcifications.
Nonthrow core-needle biopsy (CNB) also can be performed
if FNA results are negative or inconclusive. Although quite
effective, the use of FNA can be limited or nondiagnostic
for some benign or high-risk breast lesions, in which case
CNB is more likely to be diagnostic (61). A throw device or
vacuum-assisted biopsy can be used if the calcifications
or the mass extend posteriorly into the retroareolar region
(Fig 23). If the imaging target is calcifications, a radiograph
of the specimen is suggested to document calcification re-
trieval (60). If biopsy of a nipple mass or calcifications with
US guidance is not feasible, wedge excision and skin punch
biopsy of the nipple are surgical alternatives, but they may
lead to nipple deformity (60).

Stereotactic Biopsy

Stereotactic biopsy of the NAC is challenging because of the
superficial location and the thin compression of the target,
which make it difficult to stabilize during biopsy (60). In ad-
dition, the biopsy incision should not penetrate the areola,
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Figure 23.

US-guided biopsy of a retroareolar-nipple mass in a 61-year-old woman. Images at

US-guided core-needle biopsy before (A) and after (B) the biopsy gun was fired show the biopsy nee-
dle (arrowheads) successfully targeting the portion of the retroareolar mass within the breast. Ample
local anesthetic was administered to ensure that the nipple was adequately anesthetized. The diagno-
sis was nipple adenoma. (See Fig 17 for the diagnostic workup in this patient.)

as an areolar incision may extend to the nipple, causing a
laceration that necessitates the use of absorbable sutures
for closure (62). Despite the challenges, there are a few tech-
niques that can be used to safely perform stereotactic biopsy
of retroareolar calcifications. As the size of the areola is vari-
able, changing the approach to one that involves a different
imaging projection may help to avoid the areola. Also, tar-
geting posteriorly to the calcifications of interest, followed
by directional sampling whereby the operator directs the
trough of the needle toward the nipple, may be necessary
(Fig 24). Because the nipple is thinner than the rest of the
breast, a breast sling or hammock that builds up the breast
can be created by pressing a towel or saline solution bag
against the imaging plate (63).

Nipple-rolling Technique.—Additional maneuvers to facilitate
stereotactic biopsy of retroareolar calcifications include roll-
ing the nipple away from the needle entry site (Fig 25). This
allows the radiologist to access an entry site outside of the are-
olar skin (Fig 26). During stereotactic biopsy of a retroareolar
lesion, positioning the breast with the nipple rolled away may
open a safe window for biopsy that avoids the areola.
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Figure 24. Stereotactic biopsy techniques
for retroareolar targets in a 56-year-old
woman with a family history of breast cancer
who was called back after screening that
revealed suspicious retroareolar calcifications.
(A) Craniocaudal stereotactic scout view left
breast mammogram shows pleomorphic calci-
fications (arrow) overlapping with the areola.
(B) Lateromedial stereotactic scout view left
breast mammogram shows that targeting

on the lateromedial view resulted in a better
window, with the calcifications (arrow) seen
closer to the margin of the areola. Targeting
was performed posterior to the areola to avoid
the areolar skin. Directional sampling was

J then performed, with targeting toward the
nipple. Specimen radiography findings (not
shown) confirmed that the calcifications were
sampled. Pathologic analysis revealed DCIS.

Nipple Compression Technique.—Attention should be paid
to the method used to compress the nipple and retroareolar
region for stereotactic biopsy. If the nipple is compressed in
the middle of the compression aperture, which is ideal for
other targets, the retroareolar tissue can easily roll and will
be unstable during biopsy (Fig 27). The retroareolar tissue
becomes thinner with compression than the immediate-
ly adjacent posterior breast tissue. Positioning the anterior
edge of the plate just posterior to the nipple makes the com-
pression more uniform and stabilizes the breast because
only the thin part of the breast is compressed between the
plates (Fig 27B).

Lateral Arm Approach.—The lateral arm stereotactic biopsy
technique allows the needle to enter the breast parallel to the
compression paddle and detector plate. Using this approach
may make sampling of retroareolar targets more feasible be-
cause an areolar incision is avoided.

Conclusion
The NAC requires meticulous multimodality imaging. Sever-
al benign and malignant disease processes, such as papilloma
and breast cancer, can involve or arise in the NAC. Significant
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Figure 25. Nipple-rolling technique for
stereotactic biopsy. (A) Illustration depicts
the retroareolar biopsy target overlapping
with the areolar region. (B) Illustration de-
picts rolling of the nipple away from the
direction of the needle entry site (arrow),
which creates an entry site that is away
from the areolar skin.

Figure 26. Nipple-rolling technique for
stereotactic biopsy performed in a 64-year-
old woman with suspicious retroareolar
calcifications who presented for stereotactic
biopsy. (A) Lateromedial magnification-view
mammogram shows the calcifications (ar-
row) at the base of the nipple (arrowhead),
without a safe window for biopsy outside

of the areola. (B) Lateromedial scout view
mammogram shows the nipple (arrowhead)
rolled medially, away from the direction of
the needle entry. This created a window for
the needle to enter the breast posterior to
the areolar skin. The retroareolar calcifi-
cations (arrow) were targeted by using a
lateral-to-medial approach.

Figure 27. Nipple compression technique for stereotactic biopsy. (A) Lateromedial stereo-
tactic scout view mammogram in a 53-year-old woman undergoing stereotactic biopsy shows
how the nipple and calcifications (arrow in A and B) are positioned in the center of the paddle
aperture. Although this is the standard approach for stereotactic biopsy, it is not ideal in this
scenario. The retroareolar tissue becomes thinner with compression than the immediately ad-
jacent breast tissue, causing the nipple and retroareolar tissue to easily roll inward and become
unstable during the biopsy. (B) Another lateromedial stereotactic scout view mammogram, with
the patient positioned differently, shows how ideally, the plate should be positioned with the
anterior edge of the paddle just posterior to the nipple. This will create pressure on a larger sur-
face of the breast, stabilizing the breast and the retroareolar tissue by keeping the retroareolar
tissue stretched and allowing the radiologist to complete the biopsy successfully.
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overlap of imaging findings and clinical presentations among
benign and malignant NAC diseases makes assessing this
region challenging. Furthermore, performing image-guided
biopsy of tissue in this region is difficult and poses further
diagnostic and management challenges. Breast MRI is the
preferred imaging modality for assessing NAC involvement
by breast cancer. Currently, a 1-cm or greater tumor-to-nipple
distance on breast MR images indicates suitability for nip-
ple-sparing mastectomy. Further research is needed to eval-
uate the accuracy of breast MRI when the tumor-to-nipple
distance is less than 1 cm.

Author affiliations.—From the Departments of Breast Imaging (M.S.G., E.M.A.,
M.M.K., M.M.P, F.P, E.S.N., TW.M., B.E.A.), Pathology-Anatomical (Q.D.), and
Breast Surgical Oncology (TW.M.), The University of Texas MD Anderson Can-
cer Center, 1515 Holcombe Blvd, Unit 1350, Houston, TX 77030. Recipient of a
Certificate of Merit award for an education exhibit at the 2022 RSNA Annual
Meeting. Received April 30, 2023; revision requested May 27 and received June
26; accepted July 13. Address correspondence to M.S.G. (email: mguirguis@
mdanderson.org).

Acknowledgments.—The authors wish to acknowledge the following individ-
uals from The University of Texas MD Anderson Cancer Center for their con-
tributions: Madison R. Semro, MS, Research Medical Library, for editing the
manuscript; Kelly Kage, BS, MFA, Division of Diagnostic Imaging, for creating
the drawn illustrations; and Deborah A. Thames, MSRS, RT, for her expertise.

Funding.—Supported by MD Anderson Cancer Support Grant NIH/NCI
P30CA016672.

Disclosures of conflicts of interest.—T.W.M. Consultant for Merit Medical, Ho-
logic, and Siemens Healthineers. All other authors, the editor, and the re-
viewers have disclosed no relevant relationships.

References

1. Lyons D, Wahab RA, Vijapura C, Mahoney MC. The nipple-areolar com-
plex: comprehensive imaging review. Clin Radiol 2021;76(3):172-184.

2. del RiegoJ, Pitarch M, Codina C, et al. Multimodality approach to the nip-
ple-areolar complex: a pictorial review and diagnostic algorithm. Insights
Imaging 2020;11(1):89.

3. Nicholson BT, Harvey JA, Cohen MA. Nipple-areolar complex: nor-
mal anatomy and benign and malignant processes. RadioGraphics
2009;29(2):509-523.

4. Stone K, Wheeler A. A review of anatomy, physiology, and benign patholo-
gy of the nipple. Ann Surg Oncol 2015;22(10):3236-3240.

5. Nagaraja Rao D, Winters R. Inverted nipple. In: StatPearls. Treasure Is-
land, Fla: StatPearls Publishing. https://www.ncbi.nlm.nih.gov/books/
NBK563190/. Updated July 4, 2023. Accessed January 3, 2023.

6. Horvat JV, Keating DM, Rodrigues-Duarte H, Morris EA, Mango VL. Cal-
cifications at digital breast tomosynthesis: imaging features and biopsy
techniques. RadioGraphics 2019;39(2):307-318.

7. Faguy K. Improving mammography quality through EQUIP. Radiol Tech-
nol 2019;90(4):369M-385M.

8. Yoon JH, Yoon H, Kim EK, Moon HJ, Park YV, Kim M]J. Ultrasonographic
evaluation of women with pathologic nipple discharge. Ultrasonography
2017;36(4):310-320.

9. Berger N, Luparia A, Di Leo G, et al. Diagnostic performance of MRI ver-
sus galactography in women with pathologic nipple discharge: a system-
atic review and meta-analysis. AJR Am ] Roentgenol 2017;209(2):465-471.

10. Gao Y, Brachtel EF, Hernandez O, Heller SL. An analysis of nipple en-
hancement at breast MRI with radiologic-pathologic correlation. Radio-
Graphics 2019;39(1):10-27.

11. Jochelson MS, Lobbes MBI. Contrast-enhanced mammography: state of
the Art. Radiology 2021;299(1):36-48.

12. Fakhry S, Abdel Rahman RW, Shaalan HS, et al. The added role of con-
trast-enhanced spectral mammography in the evaluation of pathological
nipple discharge. Egypt ] Radiol Nucl Med 2022;53(1):87.

13. Durhan G. Contrast-enhanced spectral mammography: an alterna-
tive modality for evaluation of nipple discharge. AJR Am ] Roentgenol
2021;217(1):WA4.

14. Sanford MF, Slanetz P], Lewin AA, et al. ACR appropriateness criteria:
evaluation of nipple discharge. American College of Radiology. https://
acsearch.acr.org/docs/3099312/Narrative/#:~:text=Pathologic%20nip-

Volume 44 Number 4

17

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

Guirguis et al

ple%20discharge%20demonstrates%20at,5%2C6%2C10%5D.
2022. Accessed June 27, 2023.

Cabioglu N, Hunt KK, Singletary SE, et al. Surgical decision making and
factors determining a diagnosis of breast carcinoma in women present-
ing with nipple discharge. ] Am Coll Surg 2003;196(3):354-364.

Jiwa N, Kumar S, Gandhewar R, et al. Diagnostic accuracy of nipple dis-
charge fluid cytology: a meta-analysis and systematic review of the litera-
ture. Ann Surg Oncol 2022;29(3):1774-1786.

Margolis NE, Morley C, Lotfi P, et al. Update on imaging of the postsurgi-
cal breast. RadioGraphics 2014;34(3):642-660.

Kim H, Kang BJ, Kim SH, Kim HS, Cha ES. What we should know in mam-
mography after reduction mammoplasty and mastopexy? Breast Cancer
2015;22(4):391-398.

Gougoutas AJ, Said HK, Um G, Chapin A, Mathes DW. Nipple-areola com-
plex reconstruction. Plast Reconstr Surg 2018;141(3):404e-416e.

Da Costa D, Taddese A, Cure ML, Gerson D, Poppiti R Jr, Esserman LE.
Common and unusual diseases of the nipple-areolar complex. Radio-
Graphics 2007;27(Suppl 1):S65-S77.

Geffroy D, Doutriaux-Dumoulins I. Clinical abnormalities of the
nipple-areola complex: the role of imaging. Diagn Interv Imaging
2015;96(10):1033-1044.

Paliotta A, Sapienza P, D’Ermo G, et al. Epidermal inclusion cyst of the
breast: a literature review. Oncol Lett 2016;11(1):657-660.

Kim SJ, Kim WG. Clinical and Imaging Features of a Ruptured Epider-
mal Inclusion Cyst in the Subareolar Area: A Case Report. Am J Case Rep
2019;20:580-586.

Crystal P, Shaco-Levy R. Concentric rings within a breast mass on sonog-
raphy: lamellated keratin in an epidermal inclusion cyst. AJR Am ] Roent-
genol 2005;184(3 Suppl):S47-S48.

Lee SJ, Sobel LD, Shamis M, Mahoney MC. Asymmetric ductal ec-
tasia: an often overlooked sign of malignancy. AJR Am ] Roentgenol
2019;213(2):473-48L.

Ferris-James DM, Iuanow E, Mehta TS, Shaheen RM, Slanetz PJ. Imaging
approaches to diagnosis and management of common ductal abnormal-
ities. RadioGraphics 2012;32(4):1009-1030.

Toomey A, Le JK. Breast abscess. In: StatPearls. Treasure Island, Fla: Stat-
Pearls Publishing. https://www.ncbi.nlm.nih.gov/books/NBK459122/.
Updated June 26, 2023. Accessed June 27, 2023.

Tan H, LiR, Peng W, Liu H, Gu Y, Shen X. Radiological and clinical features
of adult non-puerperal mastitis. Br ] Radiol 2013;86(1024):20120657.

Ofri A, Dona E, O’Toole S. Squamous metaplasia of lactiferous ducts
(SMOLD): an under-recognised entity. BMJ Case Rep 2020;13(12):€237568.
Lo G, Dessauvagie B, Sterrett G, Bourke AG. Squamous metaplasia of lac-
tiferous ducts (SMOLD). Clin Radiol 2012;67(11):e42-e46.

Eiada R, Chong J, Kulkarni S, Goldberg F, Muradali D. Papillary lesions of
the breast: MRI, ultrasound, and mammographic appearances. AJR Am J
Roentgenol 2012;198(2):264-271.

Kiran S, Jeong Y], Nelson ME, et al. Are we overtreating intraductal papil-
lomas? ] Surg Res 2018;231:387-394.

Consensus guidelines on concordance assessment of image-guided
breast biopsies and management of borderline or high-risk lesions.
The American Society of Breast Surgeons. https://www.breastsurgeons.
org/docs/statements/Consensus-Guideline-on-Concordance-Assess-
ment-of-Image-Guided-Breast-Biopsies.pdf. Published 2018. Accessed
June 27,2023.

Rella R, Romanucci G, Arciuolo D, et al. Multiple Papillomas of the Breast:
A Review of Current Evidence and Challenges. ] Imaging 2022;8(7):198.
Leo ME, Carter GJ, Waheed U, Berg WA. Nipple adenoma: correlation of
imaging findings and histopathology. ] Breast Imaging 2022;4(4):408-412.
Lester SC, Lee AHS. Nipple adenoma. In: WHO Classification of Tumors
Editorial Board, eds. World Health Organization classification of tu-
mours, breast tumours. 5th ed. Vol 2. Lyons, France: International Agency
for Research on Cancer, 2019; 182-183.

Di Bonito M, Cantile M, Collina F, et al. Adenoma of the nipple: a clinico-
pathological report of 13 cases. Oncol Lett 2014;7(6):1839-1842..

Ku J, Bennett RD, Chong KD, Bennett IC. Syringomatous adenoma of the
nipple. Breast 2004;13(5):412-415.

Oo KZ, Xiao PQ. Infiltrating syringomatous adenoma of the nip-
ple: clinical presentation and literature review. Arch Pathol Lab Med
2009;133(9):1487-1489.

Yu SY, Hsu CY, Ma H, Tseng LM, Wang J. Syringomatous tumor of the nip-
ple-areolar complex: mammographic, ultrasonographic, and MRI mani-
festations. Breast ] 2020;26(9):1833-1835.

Favre NM, Sabih Q, L’Huillier JC, Takabe K, Cappuccino H. Syringomatous
tumor of the nipple. World ] Oncol 2022;13(4):235-240.

Jones MW, Norris HJ, Snyder RC. Infiltrating syringomatous adenoma of
the nipple: a clinical and pathological study of 11 cases. Am ] Surg Pathol
1989;13(3):197-201.

Updated

radiographics.rsna.org



April 2024

43.

44.

45,

46.

47.

48.

49.

50.

51.

52.

Wang]J, Xiao X, WangJ, et al. Predictors of nipple-areolar complex involve-
ment by breast carcinoma: histopathologic analysis of 787 consecutive
therapeutic mastectomy specimens. Ann Surg Oncol 2012;19(4):1174—
1180.

LiW, Wang S, Guo X, et al. Nipple involvement in breast cancer: retrospec-
tive analysis of 2323 consecutive mastectomy specimens. IntJ Surg Pathol
2011;19(3):328-334.

Koh J, Park AY, Ko KH, Jung HK. MRI diagnostic features for predict-
ing nipple-areolar-complex involvement in breast cancer. Eur ] Radiol
2020;122:108754.

Steen ST, Chung AP, Han SH, Vinstein AL, Yoon JL, Giuliano AE. Predict-
ing nipple-areolar involvement using preoperative breast MRI and pri-
mary tumor characteristics. Ann Surg Oncol 2013;20(2):633-639.
Mariscotti G, Durando M, Houssami N, et al. Preoperative MRI eval-
uation of lesion-nipple distance in breast cancer patients: thresholds
for predicting occult nipple-areola complex involvement. Clin Radiol
2018;73(8):735-743.

Chan SE, Liao CY, Wang TY, et al. The diagnostic utility of preopera-
tive breast magnetic resonance imaging (MRI) and/or intraoperative
sub-nipple biopsy in nipple-sparing mastectomy. Eur ] Surg Oncol
2017;43(1):76-84.

Sandoval-Leon AC, Drews-Elger K, Gomez-Fernandez CR, Yepes MM,
Lippman ME. Paget’s disease of the nipple. Breast Cancer Res Treat
2013;141(1):1-12.

Sakorafas GH, Blanchard K, Sarr MG, Farley DR. Paget’s disease of the
breast. Cancer Treat Rev 2001;27(1):9-18.

Waldman RA, Finch ], Grant-Kels JM, Stevenson C, Whitaker-Worth D.
Skin diseases of the breast and nipple: benign and malignant tumors. J
Am Acad Dermatol 2019;80(6):1467-1481.

Lim HS, Jeong SJ, Lee]S, et al. Paget disease of the breast: mammographic,
US, and MR imaging findings with pathologic correlation. RadioGraphics
2011;31(7):1973-1987.

Volume 44 Number 4

18

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

Guirguis et al

Caliskan M, Gatti G, Sosnovskikh I, et al. Paget’s disease of the breast: the
experience of the European Institute of Oncology and review of the liter-
ature. Breast Cancer Res Treat 2008;112(3):513-521.

Kothari AS, Beechey-Newman N, Hamed H, et al. Paget disease of
the nipple: a multifocal manifestation of higher-risk disease. Cancer
2002;95(1):1-7.

Fu W, Mittel VK, Young SC. Paget disease of the breast: analysis of 41 pa-
tients. Am J Clin Oncol 2001;24(4):397-400.

Ikeda DM, Helvie MA, Frank TS, Chapel KL, Andersson IT. Paget disease
of the nipple: radiologic-pathologic correlation. Radiology 1993;189(1):89—
94.

Morrogh M, Morris EA, Liberman L, Van Zee K, Cody HS 3rd, King TA.
MRI identifies otherwise occult disease in select patients with Paget dis-
ease of the nipple. ] Am Coll Surg 2008;206(2):316-321.

Chen CY, Sun LM, Anderson BO. Paget disease of the breast: changing
patterns of incidence, clinical presentation, and treatment in the U.S.
Cancer 2006;107(7):1448-1458.

Zhao Y, Sun HF, Chen MT, et al. Clinicopathological characteristics and
survival outcomes in Paget disease: a SEER population-based study. Can-
cer Med 2018;7(6):2307-2318.

Burk KS, Seiler SJ, Porembka JH. Diagnosis, management, and percutane-
ous sampling of nipple-areolar calcifications: how radiologists can help
patients avoid the operating room. AJR Am ] Roentgenol 2021;216(1):48—
56.

Mitra S, Dey P. Fine-needle aspiration and core biopsy in the diagnosis
of breast lesions: a comparison and review of the literature. Cytojournal
2016;13:18.

Berné-Serna JD, Guzmdn-Aroca F, Berna-Mestre JD, Herndndez-Gomez
D. A new method for the prevention of skin laceration during vacuum-as-
sisted breast biopsy. Br ] Radiol 2017;90(1072):20160866.

Huang ML, Adrada BE, Candelaria R, Thames D, Dawson D, Yang WT.
Stereotactic breast biopsy: pitfalls and pearls. Tech Vasc Interv Radiol
2014;17(1):32-39.

radiographics.rsna.org



