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a b s t r a c t 

Magnetic resonance imaging (MRI) is used for preoperative evaluation, high-risk screen- 

ing, and other select indications for breast cancer. However, the interpretation of breast 

MR images in pregnant and lactating women is complicated by physiologic changes of the 

breast that may result in marked background enhancement. Breast MRI with contrast ad- 

ministration is contraindicated in pregnancy. Restriction spectrum imaging (RSI) is an ad- 

vanced diffusion-weighted (DW)-MRI method that theoretically reflects signal from cells 

with high nuclear-to-cytoplasm ratio without gadolinium-based contrast. This report de- 

scribes a case in which RSI notably increased tumor conspicuity in a lactating woman, com- 

pared to contrast-enhanced (CE)-MRI and conventional DW-MRI. 

© 2020 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 
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Introduction 

Pregnancy-associated breast cancer (PABC) is defined as
breast cancer diagnosed during pregnancy or within year
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following delivery. While standard MRI plays a role in preop-
erative evaluation, high-risk screening, and other indications
such as monitoring response to neoadjuvant chemotherapy,
PABC poses a unique challenge [1] . Firstly, standard breast MRI
protocols rely on intravenous contrast administration which
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Fig. 1 – Bilateral MRI and biopsy pathology images of a 41-year-old female patient with PABC. Comparison of patient’s (A) 
CE-MRI, (B) standard DWI (b = 800 s/mm 

2 ), (C) RSI-derived cellularity index map overlaid on T 2 -weighted image, and D) 
pathology (hematoxylin and eosin stain, × 400 magnification). The white arrow indicates the tumor, which is easily 

visualized on the RSI-derived cellularity index map. 
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is contraindicated in pregnant patients. Secondly, the physio-
logic increase in proliferative breast tissue during pregnancy
and lactation results in marked background enhancement,
limiting the interpretation of conventional MRI studies [2 ,3] . 

Diffusion-weighted imaging (DW-MRI) is a noncontrast MRI
technique that has shown promise in the detection of PABC
[4] . Restriction spectrum imaging (RSI) is an advanced DW-MRI
technique that theoretically differentiates among isotropic
restricted (intracellular), anisotropic hindered (extracellular),
and free water diffusion compartments utilizing multishell
DW-MRI data (eg, multiple b-values and diffusion directions)
[5] . Here, we report a case in which RSI significantly in-
creased tumor conspicuity in a lactating woman compared to
contrast-enhanced (CE)-MRI and conventional DW-MRI. 

Case 

A 41-year-old gravida 2, para 2 female presented for a sec-
ond opinion regarding a left breast cancer. The patient had
detected a mass in her left breast while breastfeeding her 7-
month-old infant. On initial outside workup, ultrasound re-
vealed a 2.8 cm mass and biopsy confirmed a high-grade triple
negative invasive ductal carcinoma (IDC). 

Contrast-enhanced MRI, conventional DWI, and RSI se-
quences were obtained for this patient. Imaging parame-
ters: Contrast-enhanced ( CE) Gradient Echo— Echo/repetition
times (TE/TR) = 4.25/7.7 msec, field-of-view (FOV) = 340 × 340
mm 

2 , voxel size = 0.66 × 0.66 × 1.4 mm 

3 ; Conventional
diffusion-weighted imaging (DWI)— TE/TR = 65.7/4000 msec, b-
values 0 and 800 s/mm 

2 , 3 orthogonal diffusion directions,
FOV = 340 × 340 mm 

2 , voxel size = 1.33 × 1.33 × 5 mm 

3 ;
Multi-shell DWI — TE/TR = 96.7/12000 ms, b-values (number
of diffusion directions) 0, 500(6), 1500(6), 4000(15) s/mm 

2 ,
FOV = 340 × 340 mm 

2 , voxel size = 2.66 × 2.66 × 5 mm 

3 . The RSI
processing pipeline corrects the geometric distortions that af-
fect DW-MRI. The RSI framework allows for the estimation of
a cellularity index statistically classified with a Z-score that
represents the discrepancy of the restricted diffusion signal
in standard deviations between tumor and healthy tissues [6] .
The main output of the RSI processing pipeline is the cellular-
ity index map overlaid and color-coded on structural images
[5] . 

In this patient, conventional CE-MRI indicated segmen-
tal nonmass enhancement with heterogeneous internal en-
hancement that corresponded to the site of the known ma-
lignancy, but further characterization was limited by marked
background enhancement consistent with active breastfeed-
ing ( Fig. 1 A and B). Conventional DW-MRI did not differen-
tiate the tumor region from background signal variation. In
contrast, the RSI cellularity index facilitated accurate visual-
ization of the tumor without intravenous contrast ( Fig. 1 C). 

The patient was treated with neoadjuvant therapy based
on 4 cycles of carboplatin and paclitaxel, followed by 4 cycles
of dose-dense doxorubicin and cyclophosphamide (ddAC).
After completion of neoadjuvant chemotherapy, the patient
underwent a bilateral mastectomy with subsequent recon-
struction after a deleterious PALB2 mutation was detected on
genetic testing. Surgical pathology revealed high grade DCIS
with lobular extension in the left breast, a benign right breast,
and no positive lymph nodes. 

Discussion 

Evidence suggests that delayed diagnosis may contribute to
the poorer prognosis and reduced survival rates in women
with PABC compared to nonpregnant women [7 ,8 ,9] . There
is an urgent need for a noncontrast imaging modality that
is more sensitive in detecting and characterizing PABC in
the context of the physiologically-altered breast tissue during
pregnancy and lactation. 

Restriction spectrum imaging, RSI, spares the patient expo-
sure to ionizing radiation, does not require intravenous con-
trast, and has proven diagnostic value in the brain [5] , the
prostate [6] , and the nonlactating breast [10] . This report de-
scribes a case in which there was increased tumor conspicuity
with RSI in the setting of marked lactation-associated back-
ground enhancement, suggesting that RSI may have an im-
portant role in PABC imaging. Further research is needed to
investigate the utility of RSI in detecting and characterizing
PABC. 

Patient Consent Statement 

A waiver of consent was granted by the Institutional Review
Board at the author’s institute to perform a retrospective study
of breast MRI exams. 
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