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Target Audience: Radiologists and imaging scientists interested in breast diffusion imaging. 
 

Background and Purpose: Diffusion weighted imaging (DWI) is increasingly being used for diagnosing and monitoring treatment 
response in breast cancer. Malignancies typically exhibit a lower apparent diffusion coefficient (ADC) than benign lesions (1), attributed 
mainly to greater cellularity (2), and successful therapies are associated with increasing ADC values (3-5). Breast DWI measurements 
are most commonly acquired using a spin echo echo-planar imaging (SE-EPI) pulse sequence. This technique is well established in 
brain diffusion imaging, but is very sensitive to off-resonance artifacts. In body DWI, there are substantially larger B0 variations and 
greater amounts of adipose tissues and their associated off-resonance lipid peaks, leading to geometric distortions, blurring, and image 
artifacts. Additionally, the larger field-of-view (FOV) required for body imaging leads to the use of either lower resolutions or longer echo 
trains, further exaggerating the off-resonance artifacts.  
 In this work we seek to improve the quality of breast DWI by 
using a multi-band SE-EPI (MB-EPI) pulse sequence combined 
with a novel acquisition strategy suggested by the Human 
Connectome Project (6). Most breast DWI scans are axial 2D 
multi-slice acquisitions, as this is the orientation preferred by 
radiologists for interpretation. In this work we acquire 2D multi-
slice images oriented sagittally, using multi-band to acquire 
many slices efficiently (7), and use retrospective multiplanar 
reformatting to produce high-resolution axial diffusion images. 
With this strategy the phase-encoding direction (which is most 
distorted in 2D SE-EPI) covers the smallest FOV, minimizing 
distortions and allowing for higher resolution volume imaging.  
 

Methods: Four healthy female volunteers were scanned 
following an IRB-approved protocol. Subjects were positioned 
prone on a 16-channel Sentinelle breast coil and scanned on a 
Siemens 3T PRISMA fit scanner. After anatomical imaging, 
subjects were scanned with a standard breast DWI protocol  
compliant with the ongoing ACRIN 6698 breast DWI clinical trial: 
axial 2D multislice SE-EPI, TR/TE=8000/74 ms, 32x32 cm FOV, 
nominal in-plane resolution 1.7 x 1.7 mm, 6/8 partial Fourier, 
ETL=52ms, right-left phase encode, GRAPPA R=3, 4 mm slices, 
bipolar diffusion weighting with b=0, 100, 600, 800 s/mm2, 3 
aves for each b-value, time 4min 55s.  
 Subjects were then scanned using sagittal 2D MB-EPI 
acquisitions with TR/TE=8470/53 ms, 16 x 32 cm sagittal FOV, 
nominal in-plane resolution 1.7 x 1.7 mm, 6/8 partial Fourier, 
ETL 38ms head-foot phase encode, GRAPPA R=2, 3 mm slices, MB acceleration 2, monopolar diffusion weighting with b=0 s/mm2 (4 
aves) and 800 s/mm2 (3 directions, 4 aves each), acquisition time 5min 6 s. Both phase encoding and diffusion gradients were acquired 
with reversed directions to enable distortion correction. Reconstruction was performed following procedures from the Human 
Connectome Project (8), including SENSE1 channel combination (9), and distortion correction using topup and eddy from FSL (10,11). 
 

Results: The proposed strategy leads to improved EPI image quality in all three directions. Figure 1 compares a standard b=0 EPI 
acquisition and the new MB-EPI technique with an anatomical 3D gradient echo. While the MB-EPI acquisition has nominally lower 
resolution (3mm) in the R-L direction compared to the standard EPI (1.7mm), the apparent image quality is better due to reduced 
geometric distortion and chemical shift artifacts. With this novel approach, the primary interpreting orientation (axial) does not have in-
plane phase encoding, leading to improved co-registration with anatomical gradient echo images, as shown in Figure 2.  
 

Discussion: The approach demonstrated here provides improved image quality for breast DWI 
with full breast coverage and no penalty in acquisition time. Due to the sparsity of breast 
images, multiband factors of up to 4 produced no discernable leakage artifacts. With longer 
acquisition times this strategy may allow for even higher resolutions that may enable anatomical 
quality breast diffusion imaging.  
 

Conclusion: The proposed combination of multiband EPI, retrospective reformatting, and 
gradient distortion correction can reduce artifacts and improve image quality in breast DWI.  
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Figure 1: Comparison of anatomical GRE image (top), standard axial 2D 
EPI with sagittal reformatting (middle), and sagittal MB-EPI with axial 
reformatting (bottom), both with b=0 s/mm2. The MB-EPI images show 
reduced distortions (arrows) in all three directions.  

 
Figure 2: Fusion of ADC maps with 
anatomical images. MB sequence 
(right) has better co-registration than 
standard DWI (left). 
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