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Background Parenchymal Enhance-
ment at Breast MR Imaging: Normal 
Patterns, Diagnostic Challenges, 
and Potential for False-Positive and 
False-Negative Interpretation1

At magnetic resonance (MR) imaging, both normal and abnormal 
breast tissue enhances after contrast material administration. The 
morphology and temporal degree of enhancement of pathologic 
breast tissue relative to normal breast tissue form the basis of MR 
imaging’s diagnostic accuracy in the detection and diagnosis of 
breast disease. Normal parenchymal enhancement at breast MR 
imaging is termed background parenchymal enhancement (BPE). BPE 
may vary in degree and distribution in different patients as well as 
in the same patient over time. Typically BPE is minimal or mild in 
overall degree, with a bilateral, symmetric, diffuse distribution and 
slow early and persistent delayed kinetic features. However, BPE 
may sometimes be moderate or marked in degree, with an asym-
metric or nondiffuse distribution and rapid early and plateau or 
washout delayed kinetic features. These patterns cause diagnostic 
difficulty because these features can be seen with malignancy. This 
article reviews typical and atypical patterns of BPE seen at breast 
MR imaging. The anatomic and physiologic influences on BPE in 
women undergoing diagnostic and screening breast MR imaging 
are reviewed. The potential for false-positive and false-negative in-
terpretations due to BPE are discussed. Radiologists can improve 
their interpretive accuracy by increasing their understanding of 
various BPE patterns, influences on BPE, and the potential effects 
of BPE on MR imaging interpretation.
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After completing this journal-based SA-
CME activity, participants will be able to:
 ■ Identify typical and unusual patterns of 

BPE at breast MR imaging.

 ■ Describe the anatomic and physiologic 
influences on BPE.

 ■ Discuss false-positive and false-negative 
interpretations due to BPE at screening 
and diagnostic breast MR imaging.

See www.rsna.org/education/search/RG

SA-CME LEARNING  
OBJECTIVES FOR TEST 6

Introduction
Lesion detection at contrast material–enhanced breast magnetic reso-
nance (MR) imaging is primarily based on a lesion’s vascularity rela-
tive to normal breast tissue. Diagnostic criteria for lesion assessment 
and management include both morphologic features and enhance-
ment kinetics. Normal breast tissue can also enhance at breast MR 
imaging, and this enhancement of normal breast tissue is termed back-
ground parenchymal enhancement (BPE). Normal BPE can be classified 
as minimal (<25% of glandular tissue demonstrating enhancement), 
mild (25%–50% enhancement), moderate (50%–75% enhancement), 
or marked (>75% enhancement) (Fig 1) (1). 
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Figure 1. Axial contrast-enhanced T1-weighted fat-suppressed MR subtraction images in four different women 
show varying degrees of BPE: minimal BPE (<25% glandular enhancement) (a), mild BPE (25%–50% glandular 
enhancement) (b), moderate BPE (50%–75% glandular enhancement) (c), and marked BPE (>75% glandular 
enhancement) (d).

MR Imaging Technique
The current breast MR imaging protocol at our 
institution includes prone imaging on an MR 
unit (Signa 1.5T or Signa HDxt 3.0T [General 
Electric Medical Systems, Milwaukee, Wis] or 
Magnetom Trio (Siemens Healthcare, Cary, NC) 
with the use of a dedicated breast surface coil 
(16-channel coil [Siemens], 8-channel coil [GE], 
or 7-channel coil [Invivo, Gainesville, Fla]). MR 
pulse sequences include a three-plane localizing 
sequence, an axial T2-weighted fat-suppressed 
fast spin-echo or T2-weighted short inversion 
time inversion-recovery sequence, and an axial 
fast spoiled gradient-echo T1-weighted non–fat-
suppressed sequence before contrast material ad-
ministration. Dynamic T1-weighted fat-suppressed 
three-dimensional fast spoiled gradient-echo 
sequences are then used in the axial plane before 
and four times after intravenous administration 
of gadopentetate dimeglumine (Magnevist; Bayer 
HealthCare, Wayne, NJ) at 0.1 mmol/kg. T1-
weighted three-dimensional fast spoiled gradient-
echo delayed contrast-enhanced MR images 
are acquired in the sagittal plane. Before 2010, 
dynamic MR images were acquired in either the 
sagittal or the axial plane, with delayed imaging 
performed in the orthogonal plane. Postprocess-
ing, including subtraction axial images, maximum 
intensity projection, and computer-aided diagnosis 

Although neither a description nor a classifica-
tion of BPE was included in the first edition of the 
Breast Imaging Reporting and Data System (BI-
RADS) MR imaging lexicon (2), clinical practice 
at our institution and at many others in the United 
States includes a description and classification of 
BPE seen at breast MR imaging. A description of 
BPE will likely be included in the next version of 
the BI-RADS lexicon. Just as breast tissue density 
can affect mammographic interpretation, the pres-
ence, pattern, and degree of BPE may affect the 
accuracy of MR imaging interpretation.

BPE is a dynamic process, varying among 
women and within the same woman over time (3). 
Typical BPE is bilateral, symmetric, and diffuse in 
distribution. The degree of overall enhancement 
is usually minimal or mild, with slow early and 
persistent delayed kinetic curves (Fig 2). These 
features generally cause no interpretive difficulties. 
However, when BPE is focal or asymmetric, it may 
be confused with nonmass enhancement (NME) 
(4). When it is diffuse and moderate or marked in 
degree, BPE may interfere with the ability to dis-
tinguish small breast lesions at MR imaging. This 
article describes the influences on BPE, illustrates 
typical and unusual patterns of BPE, and discusses 
the potential for false-positive and false-negative 
interpretations due to BPE at screening and diag-
nostic MR imaging.
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Figure 2. Axial contrast-enhanced dynamic T1-weighted MR subtraction images show typical BPE kinetic features 
with slow early and persistent delayed enhancement. Images are from the first contrast-enhanced series (a), second 
contrast-enhanced series (b), third contrast-enhanced series (c), and fourth contrast-enhanced series (d).

Vascular Supply to the Breast
The anatomy of the breast’s arterial and venous 
systems influences the pattern of temporal en-
hancement. The arterial blood supply to the 
breast is through three major sources: (a) medi-
ally from perforating branches of the internal 
thoracic artery (also known as the internal mam-
mary artery), (b) laterally from pectoral branches 
of the thoracoacromial artery and branches of 
the lateral thoracic artery, and (c) from lateral 
cutaneous branches of the intercostal arteries 
(Fig 3) (6). The arterial blood comes in periph-
erally to supply the central cone of the breast 
tissue. Therefore, BPE commonly begins in the 
periphery of the lateral, medial, posterior, su-
perior, and inferior breast tissue and gradually 
becomes apparent in the more central breast 
tissue. The retroareolar region enhances last. 
This benign pattern of vascular inflow has been 
termed “picture framing” (7) (Fig 4). The ve-
nous drainage of the breast typically follows the 
arteries, mainly draining toward the axilla, and 
includes the perforating branches of the internal 
thoracic vein, tributaries of the axillary vein, and 
perforating branches of the posterior intercostal 
veins. There also is a superficial subdermal ve-
nous plexus that drains to the breast periphery 
and into vessels that join the internal thoracic, 
axillary, and internal jugular veins (6). Picture 

(CADstream; Merge Healthcare, Chicago, Ill), is 
routinely employed. The same protocol is used for 
both screening and diagnostic breast MR imaging. 
Supplemental breast imaging studies (mammogra-
phy, ultrasonography [US], and positron emission 
tomography/computed tomography) are reviewed 
by the radiologist at the time of MR imaging 
interpretation.

Factors that Influence BPE

General Influences  
on Tissue Enhancement
Tissue enhancement at MR imaging depends on 
tissue vascularity and the permeability of the con-
trast agent into tissues. In a 2007 review article, 
Kuhl (5) listed a number of general factors that 
affect the degree and amount of tissue enhance-
ment: the amount or concentration of the con-
trast agent (although the effects may not be lin-
ear), T1-weighted contrast of the pulse sequence 
used, baseline T1-weighted relaxation times of 
different breast tissues, inherent T1-weighted re-
laxivity of the contrast agent, and diffusion rate of 
the contrast agent. Specifically within the breast, 
the anatomy of the mammary vascular system 
and hormonal influences on the mammary tissue 
also affect the pattern and degree of BPE and are 
discussed in the following sections.
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Figure 3. Drawing shows 
the arterial blood supply to 
the breast.

framing or vascular inflow can vary by patient or 
within the same patient at sequential MR imag-
ing studies (Fig 5). It is likely that there are also 
variable differences in breast tissue enhance-
ment caused by a patient’s cardiovascular status 
or hydration status.

Effects of Endogenous Hormones
It was recognized early that the enhancement of 
normal breast tissue is variable and is affected by 
the hormonal milieu (3,8,9). In 1997, Kuhl et al 
(3) placed 20 healthy premenopausal women into 
two groups, imaging the first group once during 
each week of the menstrual cycle and the second 
group once per month for 4 months on a fixed day 

Figure 4. Vascular inflow or “picture framing” in three different 
women. (a) Axial contrast-enhanced T1-weighted fat-suppressed 
MR image shows picture framing (arrowheads) in the lateral-
posterior portion of both breasts. (b) Axial contrast-enhanced 
T1-weighted fat-suppressed MR image of a woman who had 
previously undergone a contralateral mastectomy shows picture 
framing (arrowhead) in the medial portion of the breast. (c) Sag-
ittal contrast-enhanced T1-weighted fat-suppressed MR image 
shows picture framing (arrowheads) in the superior and inferior 
peripheral breast tissue.

of the menstrual cycle. The investigators reported 
BPE to have either a diffuse or focal distribution 
and to be resolvable or persistent in both groups of 
women; the enhancing areas were 2–25 mm in size 
and included both irregular ill-defined areas and 
well-defined areas. Enhancement was highest dur-
ing weeks 1 and 4 and lowest during week 2. 

Müller-Schimpfle et al (8) evaluated the 
influences of menstrual cycle timing and pa-
tient age on the amount of BPE and reported 
that BPE was highest during days 21–28 and 
days 1–6, lowest during days 7–20, and higher 
in patients aged 35–50 years compared with 
younger and older women. Delille et al (9) 
found that the lowest amount of normal tissue 
enhancement occurred in the first half of the 
menstrual cycle and recommended that imag-
ing be scheduled during days 3–14 to minimize 
interpretive difficulties. On the basis of the 
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findings of these studies, it is recommended that 
nonurgent breast MR imaging (such as screen-
ing or short-term follow-up imaging) should be 
scheduled during the 2nd week of the menstrual 
cycle (days 7–15). For premenopausal patients 
with an irregular or absent cycle who may still 
be undergoing cyclical hormonal variations, Ellis 
(10) proposed testing serum progesterone levels 
to determine when patients are at the optimal 
time (the follicular phase) for MR imaging 
evaluation to minimize diagnostic uncertainties 
due to BPE.

In our clinical practice, premenopausal high-
risk patients occasionally undergo surveillance 
MR imaging while breast-feeding because these 
patients often commence high-risk surveillance 
imaging during the childbearing years. Patients 
who are diagnosed with breast cancer while lac-
tating also sometimes undergo breast MR imag-
ing to evaluate the extent of disease or before 
undergoing neoadjuvant chemotherapy. There-
fore, it is important to recognize the considerable 
effect that lactational changes may have on BPE 
(Fig 6). Several authors have reported brisk BPE 
in lactating patients, with rapid early enhance-

ment and delayed persistent or plateau-type en-
hancement (11,12). The increase in BPE, which 
has been attributed to increased vascularity and 
vascular permeability during lactation (11), may 
theoretically interfere with lesion detection. How-
ever, in two small series, investigators reported 
no impairment in cancer detection in lactating 
patients (12,13), although one patient’s disease 
extent was overestimated because of surround-
ing enhancement (13). Anecdotally, the amount 
of lactation seems to affect the overall degree of 
BPE. The amount of gadolinium excreted into 
breast milk has been reported to be miniscule 
(14). On the basis of existing data, the American 
College of Radiology states that breast-feeding 
after contrast-enhanced MR imaging is consid-
ered safe; if the patient has concern regarding 

Figure 5.  Migratory areas of vascular inflow in a 
26-year-old woman with a history of Hodgkin disease 
treated with mantle radiation. (a) Screening axial con-
trast-enhanced T1-weighted fat-suppressed MR image 
obtained in 2010 shows picture framing in the lateral por-
tion of the right breast (arrowhead). (b) Screening axial 
contrast-enhanced T1-weighted fat-suppressed MR image 
obtained in 2011 shows picture framing in the posterior 
portion of both breasts (arrowheads). (c) Screening axial 
contrast-enhanced T1-weighted fat-suppressed MR im-
age obtained in 2012 shows asymmetric picture framing 
in the inferior portion of the left breast (arrowhead). The 
enhancement conformed to tissue planes and dimin-
ished at follow-up imaging.

Figure 6. BPE in a lactating 37-year-old woman with 
a strong family history of breast cancer who underwent 
screening breast MR imaging. Axial contrast-enhanced T1-
weighted fat-suppressed MR image shows areas of marked 
focal and regional heterogeneous BPE (arrowheads).
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Figure 7.  Effect of tamoxifen treatment on BPE in a 46-year-old high-risk woman with previous contralateral breast 
cancer that was treated with breast conservation therapy and tamoxifen. (a) Sagittal contrast-enhanced T1-weighted 
fat-suppressed MR image obtained during tamoxifen treatment in 2009 shows minimal BPE. (b) Sagittal contrast-
enhanced T1-weighted fat-suppressed MR image obtained in 2010 after completion of tamoxifen treatment shows 
increased moderate BPE (arrows). (c) Sagittal contrast-enhanced T1-weighted fat-suppressed MR image obtained 
in 2011 shows mild BPE (arrow) in the inferior portion of the breast with rapid persistent kinetic features, a finding 
that was interpreted as a focal area of NME. An MR imaging–guided core-needle biopsy demonstrated normal breast 
tissue with gynecomastoid change. The finding resolved at follow-up MR imaging (not shown). Tamoxifen rebound 
may manifest as global or diffuse enhancement or focal areas of BPE.

her baby’s oral ingestion of breast milk that con-
tains minute amounts of gadolinium, she may be 
counseled regarding discarding breast milk for 24 
hours after MR imaging (15).

Effects of Exogenous Hormones
In postmenopausal women, the degree of BPE 
seen at breast MR imaging is typically less than 
that seen in premenopausal women. King et al 
(16) evaluated 28 women who underwent breast 
MR imaging before and after menopause, and 
their study demonstrated that significant numbers 
of postmenopausal women showed a demonstrable 
decrease in BPE as well as in overall fibroglandular 
tissue. Conversely, when postmenopausal women 
undergo hormone replacement therapy (HRT), 
BPE may increase in amount, degree, and distri-
bution. HRT typically results in bilateral, sym-
metric, persistent enhancement without suspicious 
delayed plateau or washout kinetic patterns (17). 
Delille et al (18) used the extraction-flow product, 
or the ratio of blood volume to the weight of tis-
sue over time, to quantify tissue perfusion at breast 
MR imaging and reported that women who were 
undergoing HRT had an increase in breast tissue 
perfusion compared to women who were not re-
ceiving HRT.

Effects of Endocrine Therapy 
Endocrine therapy with antihormonal treatment 
that includes selective estrogen receptor modu-
lators (SERMs) or aromatase inhibitors is an 

important part of treating estrogen/progesterone 
receptor-positive tumors. Because these agents 
act as antiestrogenic agents, they can decrease 
hormonal stimulation of the normal background 
breast tissue. King et al (19) reported a significant 
decrease in the amount of BPE, cysts, and fibro-
glandular tissue in patients who received tamoxi-
fen therapy for breast cancer, and the effect on 
BPE was evident early in treatment (<90 days). 
Sometimes after a patient completes tamoxifen 
treatment, there may be an increase in BPE (Fig 
7), a finding that has been termed tamoxifen re-
bound (C. Comstock, oral communication, ARRS 
Breast Imaging Symposium, September 2012). 
Tamoxifen rebound may manifest at MR imag-
ing as global BPE or as more focal areas of BPE 
that can cause diagnostic difficulties. Another 
SERM, toremifene, has been used to treat mas-
talgia, and decreases in tissue enhancement at 
breast MR imaging have been reported with its 
use (20). King et al (21) have evaluated the ef-
fects of aromatase inhibitors on BPE, and their 
study demonstrated a decrease in BPE in 33.9% 
of postmenopausal patients with cancer that was 
treated with aromatase inhibitors. Investigators 
in a separate pilot study (22) evaluated the effect 
of high-dosage aromatase inhibitors on BPE in 
healthy postmenopausal women. They performed 
breast MR imaging examinations before and after 
3 days of high-dosage aromatase inhibitor therapy 
and reported a statistically significant decline in 
the degree of BPE after treatment. 
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Figure 8. Various distribution patterns of BPE in three different women. (a) Axial contrast-enhanced T1-weighted 
fat-suppressed MR subtraction image shows diffuse, mild to moderate, symmetric, stippled BPE. (b) Axial contrast-
enhanced T1-weighted fat-suppressed MR image shows bilateral, symmetric, moderate, regional BPE (arrowheads). 
(c) Axial contrast-enhanced T1-weighted fat-suppressed MR image shows multiple foci and focal areas of mild BPE 
(arrowheads). In the pre–BI-RADS lexicon, this finding was termed focal and nodular areas of enhancement (3) or 
patchy and nodular BPE (25).

It is important for the radiologist who is inter-
preting breast MR imaging studies to be aware 
of the variety of endogenous and exogenous 
influences on BPE. A review of the patient’s 
medical and treatment history can provide clar-
ity to equivocal or waxing and waning areas of 
enhancement.

Does BPE Correlate with the  
Amount of Fibroglandular Tissue?
A number of authors have attempted to corre-
late the degree of BPE at MR imaging with the 
amount of fibroglandular tissue at mammography, 
with variable results. Several authors found no cor-
relation between BPE and mammographic den-
sity (23,24) when imaging was performed in the 
first part of the menstrual cycle. However, other 
authors who did not limit imaging to the optimal 
time of the menstrual cycle (days 7–15) reported 
that less-dense breasts (BI-RADS categories 1 
and 2) were associated with less BPE (25,26). 
Certainly there are many influences on the degree 
of BPE seen at breast MR imaging beyond the 
amount of fibroglandular tissue within the breast. 
It is important to be aware that breasts with differ-
ent fibroglandular densities may exhibit minimal, 
mild, moderate, or marked background enhance-
ment depending on a variety of patient factors.

Common Patterns of BPE
The most typical pattern of normal BPE is bilat-
eral, fairly symmetric, and diffuse, with slow min-
imal or mild early enhancement and persistent 
delayed enhancement. In an early work, Kuhl et 
al (3) reported both diffuse and more focal or 
“nodular” distributions of background enhance-
ment. In that study, the mean size of enhancing 
areas of parenchyma was 9–10 mm, which is well 
above the defined size for an enhancing focus 
(BI-RADS MR imaging lexicon) and within the 
size range of a “nodule” or mass (the correspond-
ing BI-RADS term). In addition to the previously 
described pattern of vascular inflow or picture 
framing, common internal distribution patterns 
of BPE include scattered or innumerable similar 
foci of enhancement (Fig 8a), more geographic 
areas of symmetric regional enhancement (Fig 
8b), and multiple foci and larger focal areas of 
enhancement (Fig 8c). In our experience, it is 
this last pattern that causes more diagnostic diffi-
culty at high-risk screening (Fig 9) because some 
of the larger focal areas of BPE appear similar to 
small masses or focal areas of NME (4). When 
some areas show indeterminate or suspicious 
kinetic features, short-interval follow-up (or, less 
often, biopsy) may be necessary. The bilateral-
ity of an enhancement pattern is quite helpful in 
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Figure 9.  Moderate BPE with a distribution pattern of multiple foci and focal areas of enhancement in two different 
women. (a, b) Screening axial contrast-enhanced T1-weighted fat-suppressed MR images of a 49-year-old woman 
show multiple foci and larger focal areas of BPE (arrows), findings initially assessed as BI-RADS 3. Findings at follow-up 
imaging have been stable for more than 2 years. (c, d) Screening axial contrast-enhanced T1-weighted fat-suppressed 
MR images in a 49-year-old woman show multiple foci and focal areas of BPE (arrows). The findings were initially as-
sessed as BI-RADS 3; findings at follow-up imaging have been stable to diminished for more than 2 years.

interpretation. Bilateral similar areas of enhance-
ment, regardless of distribution, are more charac-
teristic of benign enhancement, such as fibrocys-
tic changes or hormonally mediated background 
enhancement, than of malignancy (3,5,27). Bilat-
eral diffuse or multiple areas of regional enhance-
ment at MR imaging have been compared with 
diffuse or scattered mammographic calcifications 
in terms of their diagnostic implication (5). Most 
often the enhancement seen in this pattern of 
BPE is minimal to mild in overall degree (Fig 
1a, 1b) with slow early and persistent delayed 
kinetic features (Fig 2). Sometimes the BPE pat-
tern varies over time in the same patient (Fig 10); 
in high-risk patients, comparison with prior MR 
imaging studies can be invaluable and has been 
shown to decrease short-interval follow-up rec-
ommendations (28).

There is little in the radiology literature re-
garding the different distribution patterns of 
BPE. In a recent study of parenchymal enhance-
ment patterns seen at MR imaging of 229 high-
risk asymptomatic women, Jansen et al (29) at-
tempted to characterize kinetic and distribution 
patterns of BPE and relate them to breast tissue 
density as assessed on MR images (not on mam-
mograms). The authors assessed the degree of 
BPE as minimal, mild, moderate, or marked. 

They also applied their own classification scheme 
to evaluate the pattern of BPE (or parenchymal 
enhancement pattern in their terminology) as ho-
mogeneous, heterogeneous, or nodular (multiple 
foci). They found no significant differences in the 
distribution of BPE according to breast density, 
but younger women in their study were more 
likely to have moderate or marked BPE and a 
nodular pattern of BPE. In a recent intriguing 
study, King et al (30) found that higher degrees 
of BPE in high-risk patients who underwent 
screening MR imaging were associated with sig-
nificantly increased odds of breast cancer. The 
precise physiologic reasons for this association 
remain unclear. Further work is needed to eluci-
date the prognostic significance of increased BPE 
in the risk assessment of women who undergo 
screening MR imaging.

Atypical Patterns of BPE
BPE may manifest with an asymmetric, focal, or 
regional distribution (1). Enhancement is occa-
sionally moderate or marked in degree and may 
demonstrate rapid early contrast agent uptake. 
It is unusual for BPE to demonstrate delayed 
plateau or washout kinetic curves; however, 
these more suspicious kinetic curves have been 
reported (5,27,31,32) in benign mastopathic 
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Figure 10.  Variable patterns of BPE in a woman who is a BRCA2 mutation carrier who undergoes yearly high-risk 
screening MR imaging. (a) Axial contrast-enhanced T1-weighted fat-suppressed MR image obtained in 2009 shows 
stippled BPE in the right breast (arrows) and more regional asymmetric enhancement in the left breast (arrow-
heads). (b) Axial contrast-enhanced T1-weighted fat-suppressed MR image obtained in 2010 shows decreased BPE 
since 2009 with bilateral picture framing (arrows). (c) Axial contrast-enhanced T1-weighted fat-suppressed MR im-
age obtained in 2011 shows increased BPE, similar to that shown in a, with stippled pattern in the right breast (ar-
rows) and regional pattern in the left breast (arrowheads).

conditions such as focal fibrocystic areas and 
sclerosing adenosis, and these underlying benign 
histologic entities may be present within unin-
volved normal enhancing tissue. In the setting of 
moderate or marked BPE, a focus or focal area 
that is dominant or enlarging or that has isolated 
suspicious kinetic features (Fig 11) should raise 
more concern than numerous similar findings 
(Fig 12).

Asymmetric BPE

After Breast Cancer Treatment.—In premeno-
pausal patients with previously treated breast 
cancer, BPE will be unilateral after mastectomy 
and asymmetric after breast conservation therapy 
(4). Li et al (33) reviewed MR imaging findings in 
patients who had undergone breast conservation 
therapy with radiation therapy. In their study, they 

confirmed a decrease in BPE and in cystic altera-
tion after breast conservation therapy. Although 
greater decreases in BPE were seen in the treated 
breast, decreased BPE also was seen in the un-
treated breast, a finding that suggests a systemic 
effect (from endocrine therapy or chemotherapy) 
as well as a localized decrease in vascularity due to 
radiation therapy to the treated breast. It is worth 
noting that the mean and median age of patients 
in their study was 49.7 years and 49 years, re-
spectively. In many patients in their 40s and early 
50s, chemotherapeutic treatment of breast cancer 
induces menopause, and the decrease in cyclical 
hormonal levels likely accounts for some of the 
bilateral effect on BPE seen after cancer treat-
ment. In young women treated for breast cancer, if 
menopause is not induced by treatment, the con-
tralateral breast may continue to show moderate 
or marked degrees of BPE (Fig 13). When BPE in 

Figure 11. Preoperative MR imaging performed to 
evaluate the extent of disease in a 49-year-old woman. 
Maximum intensity projection image shows a recently 
diagnosed 3.4-cm invasive lobular cancer in the left 
breast (arrow), bilateral marked stippled enhancement, 
and an enhancing focus in the right breast (arrowhead) 
with isolated suspicious kinetic features (rapid early and 
delayed washout), findings assessed as BI-RADS 4A. 
An MR imaging–guided core-needle biopsy of the focus 
demonstrated sclerosing adenosis.
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Correlation with Clinical, Mammographic, and 
US Findings.—Mild asymmetries in bilateral BPE 
are within normal limits, but markedly asymmet-
ric BPE should be considered suspicious (4). It is 
important to evaluate asymmetric enhancement 
seen at MR imaging in conjunction with clini-
cal, mammographic, and sonographic findings 
because correlative findings should elevate sus-
picion (Fig 15). It has been reported that diag-
nostic performance improves when NME seen at 
MR imaging is correlated with mammographic 
and sonographic findings (31).

False-Positive Interpretation 
When BPE is bilateral and symmetric, it is un-
likely that the enhancement pattern will lead to 
a false-positive imaging interpretation. However, 
when BPE is more focal, regional, or asymmetric, 

Figure 12. Marked BPE at screening MR imaging in a 47-year-old woman with a family history of breast cancer. 
Maximum intensity projection image with color overlay (a) and axial contrast-enhanced T1-weighted fat-suppressed 
MR image (b) show bilateral innumerable enhancing foci, some with rapid early and delayed washout kinetic features. 
The lack of dominant or distinguishing features and symmetry are consistent with marked BPE.

Figure 13. Various patterns of BPE in the untreated breast of three different young premenopausal women with 
previously treated breast cancer. (a) Axial contrast-enhanced T1-weighted fat-suppressed MR image of a 34-year-old 
woman with previous right ductal carcinoma in situ in 2003 that was treated with breast conservation therapy and radi-
ation therapy and a recurrence in 2006 that was treated with right mastectomy shows marked diffuse BPE (arrows) in 
the untreated left breast. (b) Axial contrast-enhanced T1-weighted fat-suppressed MR image of a 37-year-old woman 
with previous invasive cancer in the left breast in 2004 that was treated with lumpectomy and radiation therapy shows 
picture framing (arrows) in the lateral and medial portions of the untreated right breast. (c) Maximum intensity projec-
tion image of a 37-year-old woman with previous right ductal carcinoma in situ that was treated with lumpectomy and 
radiation therapy in 2007 shows stippled BPE (arrows) in the untreated left breast.

the untreated breast is focal or regional in distri-
bution, diagnostic difficulties may occur (4) (Fig 
14). In this scenario, if an MR imaging finding is 
considered suspicious but focal BPE is still a dif-
ferential possibility, it can be very helpful to delib-
erately schedule MR imaging–guided core-needle 
biopsy during days 7–15 of the menstrual cycle to 
minimize hormonally mediated BPE.
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it has been reported to be associated with a higher 
likelihood of a BI-RADS 3 assessment (probably 
benign, short-interval follow-up) (25,28) in the 
screening setting. When BPE manifests with a 
more focal, asymmetric, or regional distribution, 
it may be hard to distinguish from NME (4). If 
the enhancement pattern is interpreted as NME 
rather than as BPE, the radiologist must consider 
the possibility of malignancy (Fig 14). Transient 
areas of BPE have been reported to be a factor in 

the cancellation of MR imaging–guided core biop-
sies; Brennan et al (34) reported that moderate 
or marked BPE was associated with a signifi-
cantly higher MR imaging–guided core biopsy 
cancellation rate compared with that for mini-
mal or mild BPE.

When diagnostic MR imaging is performed 
to evaluate the extent of disease in a patient with 
newly diagnosed cancer, BPE can also lead to a 
false-positive interpretation (Figs 16, 17). In a 

Figure 14. Focal area of BPE interpreted as NME in a 34-year-old woman 
with a previous contralateral mastectomy who underwent screening MR im-
aging on day 19 of the menstrual cycle. Sagittal delayed contrast-enhanced 
T1-weighted fat-suppressed MR image shows a new solitary focal area of 
heterogeneous NME (arrow) with medium persistent kinetic features, a 
finding assessed as BI-RADS 4A. A biopsy was deliberately scheduled for 
the 2nd week of the menstrual cycle to minimize BPE; the enhancement had 
resolved on the day of biopsy and the biopsy was cancelled. The enhance-
ment was not depicted at 6-month surveillance MR imaging.

Figure 15.  Asymmetric BPE in a 43-year-old woman 
who presented with pain and palpable fullness in the 
upper outer left breast. Findings from mammography 
and US were unrevealing. Axial contrast-enhanced T1-
weighted fat-suppressed MR image shows diffuse asym-
metric regional homogeneous enhancement (arrows). A 
fiducial marker (arrowhead) marks the site of a palpable 
finding found at clinical breast examination. An MR 
imaging–guided core-needle biopsy demonstrated focal 
columnar cell change, epithelial hyperplasia, and fibro-
adenomatoid change.

Figure 16. False-positive MR imaging interpretation due to moderate BPE in a 42-year-old woman with recently di-
agnosed cancer in the left breast who underwent preoperative MR imaging on day 23 of the menstrual cycle to evaluate 
the extent of disease. (a) Axial contrast-enhanced T1-weighted fat-suppressed MR image shows a biopsy clip (arrow-
head) and NME (arrows) representing the known cancer at the 6-o’clock position in the left breast. (b) Axial contrast-
enhanced T1-weighted fat-suppressed MR image shows focal BPE in the posterior lateral portion of the right breast 
(arrow) that was interpreted as NME, demonstrated medium persistent kinetic features, and was assessed as BI-RADS 
4. An MR imaging–guided core-needle biopsy demonstrated normal breast tissue.
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Figure 18. Potential false-negative interpretation due 
to marked BPE in a 38-year-old woman with newly di-
agnosed cancer in the right breast. Four subcentimeter 
malignant masses (one palpable) were visible in the 8:30 
to 9-o’clock position at US (not shown). Axial contrast-
enhanced T1-weighted fat-suppressed MR subtraction 
image shows marked BPE; known malignant lesions are 
difficult to perceive against BPE. A biopsy clip (arrow) 
marks one of the lesions. The arrowhead marks another 
extremely subtle lesion within the lateral BPE; this le-
sion would have been missed if the MR imaging find-
ings had not been correlated with the US findings.

Figure 17.  False-positive interpretation due to marked 
BPE in a 50-year-old premenopausal woman with 
recently diagnosed cancer in the right breast who un-
derwent diagnostic MR imaging during the 4th week 
of the menstrual cycle to evaluate the extent of disease. 
Maximum intensity projection image shows marked 
BPE with innumerable foci, the known cancer in the 
right breast (straight arrow), an adjacent mass in the 
right breast (curved arrow) that was considered suspi-
cious for a satellite lesion, and a small mass in the left 
breast (arrowhead), all with rapid early and delayed 
washout kinetic curves. MR imaging–guided core-
needle biopsy of the left breast mass demonstrated in-
vasive lobular cancer. MR imaging–guided core-needle 
biopsy of the small mass lateral to the known cancer 
in the right breast demonstrated benign columnar cell 
change, microcysts, and fibroadenomatoid change.

recent study, DeMartini et al (35) assessed the 
impact of varying degrees of BPE on the interpre-
tation of breast MR imaging studies in a variety of 
clinical situations, including high-risk screening, 
evaluation of the extent of disease in patients with 
newly diagnosed cancer, problem solving, short-
term follow-up, evaluation of disease response to 
neoadjuvant chemotherapy, and a small number of 
other indications. They found that although higher 
amounts of BPE were associated with higher rates 

of abnormal interpretation (BI-RADS 0, 3, 4, or 
5), there was no significant difference in the posi-
tive biopsy rate, cancer yield, sensitivity, or speci-
ficity. These authors did not individually assess the 
impact of BPE on diagnostic performance for spe-
cific subgroups of patients. The impact of BPE on 
diagnostic accuracy may be different for high-risk 
screening compared with the imaging of patients 
with newly diagnosed cancer. False-positive MR 
imaging interpretation accounts for some of the 
reluctance of breast surgeons to use MR imaging 
to evaluate the extent of disease (36).

False-Negative Interpretation
Breast MR imaging is highly sensitive for the 
detection of breast cancer. However, in the set-
ting of moderate or marked BPE, it is possible 
that a small mass or a larger area of NME may be 
masked by adjacent enhancing breast tissue (Fig 
18). This is analogous to dense fibroglandular tis-
sue that may obscure a cancerous lesion at mam-
mography. In fact, several studies that reported 
cancerous lesions that were undetected at MR 
imaging have indicated that BPE was a factor in 
false-negative interpretation (37–39).

Conclusion
BPE seen at breast MR imaging is common and, 
when bilateral and diffuse, should cause no diag-
nostic dilemma, even if it is moderate or marked 
in degree, as long as it is homogeneous or stippled 
in internal enhancement pattern and diffuse or 
regional in distribution. A pattern of BPE that 
includes multiple foci and larger focal areas of 
enhancement may be problematic, particularly at 
high-risk screening or in the assessment of disease 
extent in patients with newly diagnosed breast 
cancer. This is because the larger focal areas of 
BPE seen in this pattern can overlap in appearance 
with focal areas of NME. If a focal area of BPE is 
interpreted as NME, it then is viewed as a breast 
lesion that requires assessment and management. 
Multiplicity of findings and bilaterality of findings 
are more characteristic of BPE and are helpful fea-
tures for interpretation. When an equivocal focal 
area of enhancement is seen in the setting of BPE, 
unique kinetic features, a truly dominant size, or 
interval change should prompt biopsy. In nonsur-
gical (ie, screening) cases, 6-month follow-up MR 
imaging is an alternative to biopsy when BPE is 
favored over a pathologic process.

Radiologists who are interpreting breast MR 
imaging studies should be familiar with the 
normal vascular inflow patterns of breast tissue 
enhancement; the variable patterns of BPE; the 
endogenous and exogenous hormonal influences 
on BPE; the possibility of false-positive and false-
negative MR imaging interpretations due to focal 
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or diffuse BPE; and the importance of interpret-
ing MR imaging studies in conjunction with 
mammographic, sonographic, and clinical find-
ings to maximize accuracy.
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Page 236
Therefore, BPE commonly begins in the periphery of the lateral, medial, posterior, superior, and infe-
rior breast tissue and gradually becomes apparent in the more central breast tissue.

Pages 238
It is recommended that nonurgent breast MR imaging (such as screening or short-term follow-up im-
aging) should be scheduled during the 2nd week of the menstrual cycle (days 7–15).

Page 240
In addition to the previously described pattern of vascular inflow or picture framing, common inter-
nal distribution patterns of BPE include scattered or innumerable similar foci of enhancement, more 
geographic areas of symmetric regional enhancement, and multiple foci and larger focal areas of 
enhancement.

Page 241
Bilateral similar areas of enhancement, regardless of distribution, are more characteristic of benign 
enhancement, such as fibrocystic changes or hormonally mediated background enhancement, than of 
malignancy.

Page 242
In the setting of moderate or marked BPE, a focus or focal area that is dominant or enlarging or that 
has isolated suspicious kinetic features should raise more concern than numerous similar findings. 


