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Abstract

Purpose of Review To review the MRI appearance of

physiologic lactational changes, common benign patholo-

gies, and malignancies in the lactating breast.

Recent Findings The prevalence of pregnancy-associated

breast cancer has increased as more women delay child-

birth and lactation. There is a transient increase in breast

cancer risk after delivery when women may be lactating.

MRI is more sensitive than mammography and ultrasound

for the evaluation of the extent of disease in lactating

women.

Summary Understanding the key MRI findings of benign

and malignant pathologies in the lactating breast is critical

for accurate diagnosis and prompt evaluation of pregnancy-

associated breast cancer.

Keywords Breast imaging � Magnetic resonance imaging �
Lactation � Pregnancy � Breast cancer

Introduction

Hormonal influences during lactation lead to physiologic

breast changes and benign pathologic lesions [1•]. These

changes can pose potential diagnostic challenges in the

lactating breast. As a result, pregnancy-associated breast

cancer (PABC) may be under-diagnosed in this population.

Accurate diagnosis and evaluation of PABC are critical as

it is often associated with an aggressive biologic profile and

poor prognosis [2•, 3•]. While gadolinium is avoided dur-

ing pregnancy, contrast-enhanced MRI can be safely per-

formed during lactation. MRI remains highly sensitive for

the diagnosis and locoregional staging of breast cancer in

the lactating breast. Familiarity with the characteristic MRI

features of benign and malignant pathologies in the lac-

tating breast can assist breast imagers in the diagnosis and

evaluation of PABC.

Physiological Lactational Changes

Lactogenesis describes the transition of the breast from a

proliferative state to a secretory state in preparation for

milk production. Breast architecture and composition

undergo significant changes under the influence of varying

hormones. Starting in the first trimester of pregnancy,

increased circulating serum estrogen and progesterone

induce new ductal formation. Estrogen promotes the

involution of stromal adipose tissue and increased glan-

dular vascularity.

Progesterone also induces lobular hyperplasia and pro-

vides secretory capability to alveolar cells for milk syn-

thesis. By the second and third trimesters, increased level

of prolactin results in synthesis of colostrum and milk in

the alveolar cells, but milk release continues to be inhibited
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by the high levels of estrogen and progesterone. After

delivery, there is a precipitous drop in estrogen and pro-

gesterone. The loss of inhibitory effect on prolactin allows

for copious milk production and release. Physical stimu-

lation during breastfeeding results in continued release of

oxytocin and prolactin, which promote maintenance of

milk production. These hormonal changes are accompanied

by increased breast size, firmness, and nodularity in the

lactating breast, and will persist until approximately three

months after cessation of breastfeeding.

Breast imagers should be familiar with the MRI

appearance of benign lactational changes to avoid misin-

terpretation as suspicious findings in the lactating breast.

Increased fibroglandular tissue induced by hormonal

changes present as increased breast density on MRI.

Background parenchymal enhancement will typically be

diffusely increased with fast initial phase kinetic curve

because of increased vascularity and hormonal effects on

the breast tissue (Fig. 1) [14•]. Milk production leads to

diffusely increased T2 signal in the breasts and dilated

ducts. On T1-weighted sequences, breast tissue may appear

more hypointense due to increased fluid content with

hyperintense signal within ducts corresponding to fatty and

proteinaceous contents in breast milk. On post-contrast

images, benign lactational changes may demonstrate fast

initial and plateau delayed enhancement kinetics compared

to the slow and persistent enhancement curve typically

seen in normal breast tissue [15]. While benign lactational

changes are usually diffuse and bilateral, occasionally these

findings are asymmetric based on lactation pattern and may

be potentially misleading (Fig. 2).

MR Evaluation

Hormonal fluctuations throughout the menstrual cycle are

linked with breast parenchymal and perfusion changes

[4, 5]. In lactating women who are menstruating, per-

forming breast MRI during the follicular phase of the

menstrual cycle (days 3–14) has been previously suggested

to help reduce false positive findings related to hormonal

fluctuations [6]. However, the recommendation for per-

forming breast MRI during the follicular phase is gradually

evolving to any time during the menstrual cycle. Recent

studies have found that timing breast MRI did not reliably

decrease background parenchymal enhancement or

improve diagnostic performance [7, 8•].

Lactating women should nurse or pump immediately

before imaging to reduce potentially confounding back-

ground T2 signal [9]. The American College of Radiology

(ACR) and the American College of Obstetrics and

Gynecology (ACOG) recommend lactating women to

continue breastfeeding after receiving intravenous

gadolinium-based contrast agents [10, 11]. Women are not

required to discontinue breastfeeding as only 0.04% of the

maternal gadolinium dose is excreted into breast milk [12].

The amount absorbed by the infant would be less than 1%

of the permitted dose for neonates [12]. If lactating women

remain concerned about the potential effects of gadolinium

exposure to the infant, they can consider expressing and

discarding breast milk for 24 h after gadolinium adminis-

tration then resuming lactation [13].

Fig. 1 34-year-old woman with BRCA 1 mutation with screening MR

performed at baseline and during lactation. STIR (Short Tau Inversion

Recovery) and T1 post-contrast subtraction images performed during

lactation demonstrate increased background parenchymal enhance-

ment, breast density, and parenchymal T2 signal from benign

lactation changes
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Galactocele

Galactoceles are the most common benign lesion in lac-

tating or recently lactating women [16]. They are milk-

filled retention cysts that usually form from lactiferous duct

occlusion leading to milk retention, ductal dilation, and

cyst formation. Galactoceles often present as painless,

palpable masses occurring over weeks to months in women

with recent abrupt cessation of breastfeeding or decreased

frequency of nursing [17]. They have a predilection for

occurring in the sub-areolar region and can be multiple and

bilateral [18]. The majority of galactoceles will sponta-

neously resolve. Superinfection is relatively common due

to the rich nutrient content of stagnant breast milk con-

tained within galactoceles. If galactoceles are symptomatic

or superinfected, aspiration can be both diagnostic and

therapeutic [19].

The MRI appearance of galactoceles are round or oval

circumscribed, cystic masses with pathognomonic fat-fluid

levels (Fig. 3). The fat-fluid level represents the separation

of fat and water content in breast milk. The less dense fatty

content rises and appears closer to the chest wall in prone-

positioned patients. Rim-enhancement may be seen with

secondary infection of galactoceles with abscess formation

or inflammatory reaction due to cyst rupture in the appro-

priate clinical setting. However, the presence of enhance-

ment should raise suspicion for possible malignancy as

necrotic masses can mimic galactoceles in lactating women

(Fig. 4). A persistent or enlarging mass with enhancement

and lack of the classic fat-fluid level is worrisome and war-

rants further evaluation. Galactoceles with predominantly

fatty contents will have T1 hyperintense appearance with or

without a fat-fluid level and corresponding appearance of a

pseudolipoma on mammogram. In cases where the high

viscosity of old milk does not allow the physical separation

of fat and fluid, the characteristic fat-fluid level may not be

appreciated, and the lesion may have the appearance of a

pseudohamartoma on mammogram [16].

Fig. 2 44-year-old woman breastfeeding exclusively from the right

breast and presented for screening MRI. T2 fat-saturated images

demonstrate asymmetric diffuse increased T2 signal in the right

breast. T1 post-contrast and subtraction images demonstrate increased

background enhancement in the right breast

Fig. 3 40-year-old breastfeeding woman presenting with a palpable

lump in the right breast. MRI demonstrates an oval, circumscribed

mass (arrow) with fat-fluid level in the right breast consistent with

galactocele. On T1 non-fat-saturated and T2 fat-saturated images, the

fatty content (arrowhead) within the galactocele rises toward the chest

wall in the prone patient. Post-contrast images demonstrate no

associated enhancement (arrow)
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Fibroadenoma

Fibroadenomas are a common benign breast lesion that

arises from the epithelium and stroma of the terminal duct

lobular unit [20•]. They typically present as palpable,

mobile, and painless masses. Fibroadenomas are hormone-

sensitive and may demonstrate secretory hyperplasia or

lactational changes during pregnancy and lactation [21]. As

a result, they can demonstrate rapid growth and present as

new or enlarging masses in the peripartum or postpartum

period. In some cases, rapid growth of fibroadenomas can

lead to infarction due to outpacing of the vascular supply.

Unlike typical fibroadenomas, infarcted fibroadenomas can

present as tender, nonmobile masses [22]. When evaluating

an enlarging fibroadenoma, the growth rate may be helpful

in identifying when additional tissue sampling is necessary.

In nonpregnant women, fibroadenomas diagnosed by fine-

needle aspiration and demonstrating growth of less than

20% in all three dimensions within a 6-month period can be

continued to be followed on imaging and may not warrant

excisional biopsy [23]. This criterion could also be applied

to pre-existing fibroadenomas that demonstrate growth

during pregnancy or lactation in the absence of suspicious

features.

On MRI, fibroadenomas typically appear as oval masses

with circumscribed margins. On T1-weighted imaging,

fibroadenomas are isointense to the surrounding breast

parenchyma. On T2-weighted imaging, fibroadenomas are

usually hyperintense, however the signal can vary with the

lesion content [24]. Non-enhancing hypointense internal

Fig. 4 33-year-old breastfeeding woman with palpable abnormality

in the right breast. A Targeted ultrasound demonstrated a round, well-

circumscribed, avascular mixed cystic and solid mass. Findings were

initially presumed to represent a galactocele; however, persistence

and growth of mass prompted biopsy which demonstrated triple-

negative invasive ductal carcinoma. B MRI demonstrates a round,

well-circumscribed cystic and solid mass without fat-fluid level. On

T1-weighted images, there is no intrinsically T1 hyperintense material

within the cystic component (arrow). On T2-weighted images, the

lesion demonstrates a large cystic component that is hyperintense

(arrow). On T1 post-contrast subtraction images, the solid and cystic

mass demonstrates rim enhancement. Necrotic mass can mimic a

galactocele in a lactating patient, however enhancement and absence

of classic fluid-fluid level is suspicious and warrants further

evaluation
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septa are seen in more than 95% of fibroadenomas, how-

ever the absence of internal septa does not exclude the

diagnosis of a fibroadenoma [22]. They can demonstrate

secretory hyperplasia and lactational changes with internal

accumulation of milk, mimicking galactoceles [25]. On

dynamic post-contrast imaging, progressive enhancement

is often seen. In cases of hemorrhagic infarct, fibroadeno-

mas may appear intrinsically T1 hyperintense [26]. Central

necrosis is the most common pattern with heterogenous T2

hyperintensity and irregular margins [21]. On post-contrast

images, infarcted fibroadenomas can demonstrate rim

enhancement in areas of viable tissue.

Lactating Adenoma

Lactating adenomas are benign adenomatous breast lesions

associated with hormonal surges [16]. They occur most

commonly in the third trimester or postpartum during

lactation but have also been reported in the first and second

trimesters [28]. There are several theories regarding the

histogenesis of lactating adenomas. Some propose they

develop from pre-existing fibroadenoma, tubular adenoma,

or lobular hyperplasia under the influence of physiologic

hormonal changes [29]. Others suggest that lactating ade-

nomas arise de novo due to increased estrogen stimulation

during pregnancy and lactation [14•, 30]. Histologically,

lactating adenomas differ from fibroadenomas as they

consist predominantly of epithelial elements with very

minimal stromal component and lack the marked myoep-

ithelial proliferation seen in fibroadenomas [31]. However,

pathologic differentiation between lactating adenoma and

fibroadenoma with lactational changes can be difficult [16].

Both can demonstrate foci of infarcts, especially in the

setting of rapid growth.

Lactating adenomas have similar presentation as

fibroadenomas, often presenting as painless, palpable, and

mobile lesions [16, 22]. Those demonstrating rapid growth

and pain may be associated with infarction. Lactating

adenomas usually spontaneously regress after cessation of

breastfeeding, and may recur in subsequent pregnancies.

Bromocriptine can help decrease the size of the lesion by

decreasing lactational changes. If lactating adenomas per-

sist and cause discomfort, surgical excision may be con-

sidered after lactational changes have abated. While

lactating adenomas are generally considered to be benign,

there are rare cases reporting the coexistence of lactating

adenomas and invasive carcinomas [29, 32–34]. Therefore,

close followup to confirm complete resolution to exclude

co-existent malignancy is suggested, even though the

chance is remote.

When lactating adenoma is suspected based on presen-

tation and clinical history, but sonographic and histological

evaluation are inconclusive, MRI may be helpful in further

characterization. Lactating adenomas often present as oval,

circumscribed mass with intermediate T2 hyperintensity

(Fig. 5). On T1-weighted imaging, they may demonstrate

intermediate or hyperintense signal due to presence of milk

fat or proteinaceous content. On post-contrast imaging,

heterogenous internal enhancement may be present [35]. In

larger lesions, internal nonenhancing, low signal bands

may be visualized that correspond to fibrous septa [36, 37].

Hamartoma

Hamartomas are benign lesions that consist of proliferation

of fibrous, glandular, and fatty tissue surrounded by col-

lagen pseudoencapsulation [31]. They can be readily

diagnosed on mammogram by their characteristic ‘‘breast

within a breast’’ appearance, a circumscribed mass of

mixed fatty and soft tissue elements and thin pseudocap-

sule [38]. Diagnosis may be more challenging when there

are atypical features associated with infarction [39].

Hamartomas are frequently asymptomatic, but can present

as palpable masses. They are generally slow-growing but

are hormonally sensitive with the potential to rapidly

increase in size during pregnancy and lactation.

On MRI, hamartomas typically appear as oval or round

masses with circumscribed margins and a hypointense rim

on T1 and T2-weighted sequences that correspond to the

pseudocapsule (Fig. 6). They demonstrate heterogenous

signal intensities on T1- and T2-weighted sequences corre-

sponding to varying proportions of fatty components inter-

spersed with nodular fibroglandular elements [40–43]. The

fatty elements appear hyperintense on T1 with loss of signal

on fat-saturated sequences. The fibroglandular elements can

undergo lactational changes demonstrating increased T2

hyperintensity and enhancement. On dynamic contrast-en-

hanced images, hamartomas demonstrate slow progressive

enhancement [35–38]. On DWI, hamartomas have ADC

values similar to that of normal breast tissue [44]. On MR

spectroscopy, no significance difference has been reported

between hamartomas and normal breast tissue [38].

Pregnancy-Associated Breast Cancer

Pregnancy-associated breast cancer (PABC) is defined as

breast malignancy occurring during pregnancy, within

12 months postpartum, or during lactation [39]. Incidence

of PABC is increasing as more women are delaying

childbearing to their forties [45, 46•, 47, 48]. While preg-

nancy lowers the lifetime risk of breast cancer, there is a

transient increase in breast cancer risk after delivery, when

women may be lactating. The transient increase peaks at
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6 years and persists until approximately 10 years post-

partum [49]. PABC is associated with worse prognosis than

breast cancer in women who are not pregnant or lactating

[3, 50•, 51•]. There are several factors which may con-

tribute to the poor outcome associated with PABC. Breast

engorgement and increase breast tissue density can limit

clinical and imaging evaluation of breast cancer and result

in delayed diagnosis and treatment [16]. Studies have also

suggested that PABC has more aggressive tumor biology as

it is associated with younger age at diagnosis, BRCA

positivity, higher pathologic stage, higher histologic grade,

and triple-negative receptor status [2, 3]. Pregnant or lac-

tating women with breast cancer are more likely to present

with advanced disease and axillary nodal metastasis com-

pared to age-adjusted nonpregnant women [52, 53]. Even

after adjusting for age at diagnosis, extent of disease, and

diagnostic periods, women with breast cancers diagnosed

during lactation have an increased risk of cause-specific

death [54].

Given the rising incidence and aggressive nature of

PABC, accurate diagnosis and evaluation of the extent of

disease is of growing importance. The MR appearance of

PABC is similar to that of breast cancer in nonpregnant

women. PABC typically demonstrate hypointensity on T2-

weighted imaging and fast initial contrast enhancement with

washout on dynamic post-contrast imaging (Figs. 7 and 8)

[27, 55•]. Given the overrepresentation of triple-negative

breast cancers, PABC may be more likely to demonstrate

areas of necrosis [15]. There is concern that marked back-

ground parenchymal enhancement of lactating tissue may

decrease lesion conspicuity and limit the sensitivity of MRI

[56•]. However, several studies on dynamic contrast-en-

hanced MRI have found that background parenchymal

enhancement of lactating tissue resulted in minimal to no

decrease in lesion conspicuity as malignant lesions and the

Fig. 5 36-year-old breastfeeding woman with history of biopsy-

proven lactating adenoma in the left breast and presenting for

screening MR. MR demonstrates an oval, circumscribed mass in the

left breast. The mass demonstrates intermediate hyperintensity on T2-

weighted imaging (arrow) and intrinsic hyperintensity on T1-

weighted imaging (arrow). No associated enhancement on T1 post-

contrast subtraction images (arrow)

Fig. 6 40-year-old breastfeeding woman presenting with an enlarging

palpable lump in the right breast and MR findings compatible with a

hamartoma. MR demonstrates an oval, circumscribed mass with

central T1 hyperintensity (arrow) that suppresses on T2 fat-saturated

images (arrow). The mass demonstrates a T1 and T2 hypointense rim

(arrowhead). Areas within the mass demonstrate hyperintensity on

T2-weighted imaging with corresponding enhancement (arrow) on T1

post-contrast subtraction images consistent with internal lactation

changes
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background parenchyma can be differentiated by enhance-

ment kinetics and morphology [14•, 27, 57, 58•, 59]. Sup-

plemental subtraction images that subtract the latest post-

contrast dynamic series from an early post-contrast dynamic

series have been reported to assist in differentiating tumor

enhancement from glandular parenchymal enhancement

particularly in women with marked background parenchy-

mal enhancement. These supplemental subtraction images

improve visualization of areas of wash-out for detection of

malignant lesions and reduce plateau enhancement typical of

lactational changes [60•]. Diffusion-weighted imaging has

also been reported to have additive value in the detection of

breast cancer in lactating patients [56, 61•]. In particular,

diffusion tensor imaging demonstrated 138% increased

tumor conspicuity compared to conventional dynamic con-

trast-enhanced MRI and may be a potential adjunctive

modality [56•]. If needed, weaning may help decrease the

background enhancement in glandular parenchyma to aid in

visualization of small enhancing masses and non-mass

enhancement [58•].

For pregnant and lactating women with newly diagnosed

breast cancer, post-partum contrast-enhanced MRI is rec-

ommended for locoregional staging. In a small series of

women with PABC, 45% of whom were lactating, MRI

identified greater extent of disease than identified on

mammography and ultrasound in 23% of women [57]. In

addition, MRI changed surgical management in 28% of

post-partum patients with PABC. Similarly in another

small series of nine lactating women with breast cancer,

MRI identified additional lesions in three patients and

defined tumor extent more accurately than mammography

or ultrasound [62•]. This study also reported limited evi-

dence that MRI may also be helpful in evaluation of

response after neoadjuvant chemotherapy [62•].

There are scarce data on MRI screening in high-risk

women who are lactating. In a series of seven lactating

women including five with invasive carcinomas, all cancers

were visible on MRI despite the presence of physiologic

lactational changes [27]. Given the limited amount of sup-

porting evidence, screening MRI may be considered by

lactating women and referring clinicians. It may be reason-

able to perform screening breast MRI in high-risk, lactating

women who plan to breastfeed for more than six months. For

those who plan to breastfeed for less than 6months, it may be

reasonable to wait until 6–8 weeks after cessation of

breastfeeding before resuming MRI screening [63].

Procedural Considerations

Suspicious breast masses can be safely sampled via percu-

taneous biopsy in lactating women, however breast imagers

should inform patients of certain procedural risks. Increased

vascularity in the lactating breast increases the risk of

biopsy-associated bleeding and infection [16]. Breast ima-

gers can mitigate these risks by paying close attention to

post-procedural hemostasis and aseptic technique. Core

needle biopsy in the third trimester can rarely cause milk

fistula between the dilated high-pressure duct and the biopsy

tract, resulting in chronicmilk drainage [64]. This risk can be

lowered using higher-gauge core biopsy needles or, alter-

natively, fine-needle aspiration for initial sampling.

When performing fine-needle aspiration in pregnancy or

lactating women, breast imagers should be cognizant of the

higher incidence of false positive and false negative diag-

noses in this patient population [65–68]. Differentiating

lactational changes and malignancy can be a diagnostic

challenge. The hormonal milieu of pregnancy and lactation

result in epithelial hyperplastic changes and atypical nuclear

findings including nuclear enlargement, hyperchromia, and

increased mitotic figures that can be misinterpreted as

malignant (Fig. 9) [69]. Conversely, breast malignancies

Fig. 7 40-year-old breastfeeding woman with biopsy-proven adeno-

carcinoma in the left breast. MR demonstrates a large irregular mass

with spiculated margins. On T2-weighted imaging, the mass appears

hypointense (arrow) relative to hyperintense background of lacta-

tional changes. Post-contrast T1 subtracted images demonstrate fast,

early enhancement with washout kinetics (arrow)
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with round nuclei and central prominent nucleoli may be

misinterpreted as benign lactational changes, resulting in

false negative diagnoses. Given the potential overlapping

features of benign and malignant pathologies, it is critical

that breast imagers provide clinical history of pregnancy or

lactation for accurate cytologic interpretation. In addition,

Fig. 8 42-year-old breastfeeding woman with biopsy-proven invasive

lobular carcinoma in the left breast. MR demonstrates an irregular

mass with spiculated margins. On T2-weighted imaging, the mass

appears hypointense (arrow) relative to hyperintense background of

lactational changes. Post-contrast T1 subtracted images demonstrate

fast, early enhancement with washout kinetics (arrow)

Fig. 9 Comparison of histologic appearance of lactational change

and invasive ductal carcinoma on Papanicolaou (Pap) stain and May

Grunwald-Giemsa (MGG) stain. A Lactational change viewed with

Pap stain at 960. Ductal epithelium shows homogeneously enlarged

nuclei with prominent nucleoli and intermixed myoepithelial cells

(red arrow). Foamy macrophage in the background (brown arrow).

B Invasive ductal carcinoma viewed with Pap stain at 960. Loosely

cohesive invasive ductal carcinoma cells with enlarged pleomorphic

nuclei, markedly irregular nuclear contours, inconspicuous nucleoli,

and reduced cytoplasm (green arrow). Strands of mucin in the

background (orange arrow). C Lactational change viewed with MGG

stain at 960. Ductal epithelium with intracytoplasmic granules

consistent with mitochondria (blue arrow) and bubbly background of

proteinaceous fluid from milk (black arrow). D Invasive ductal

carcinoma viewed with MGG stain at 960. Enlarged, pleomorphic

nuclei (teal arrow) in a bloody background (magenta arrow)
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maintaining a high index of suspicion for malignancy and

awareness of the potential pitfalls of cytologic evaluation in

lactating women are key to attaining the correct diagnosis.

When atypical cellular findings are identified, core biopsy

and possibly MRI may be helpful next steps for evaluation.

Conclusion

Physiologic lactational changes have a distinct appearance

on MRI. Hormonal influences during lactation can also

lead to new or enlarging benign pathologic lesions

including galactoceles, lactating adenomas, hamartomas,

and fibroadenomas. It is important to differentiate these

benign entities from pregnancy-associated breast cancer to

avoid necessary tissue sampling as well as potential delays

in diagnosis. Complementary to mammography and ultra-

sound, MRI has high sensitivity for the detection of breast

cancer in lactating women. MRI is recommended for the

evaluation of the extent of disease in lactating women with

breast cancer and may be considered for supplemental

screening in lactating women with high breast cancer risk.
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