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Fast, low contrast, and no contrast techniques for breast MRI



Ultrafast Dynamic Contrast-Enhanced MRI



High-temporal resolution breast DCE-MRI

ÅBreast dynamic contrast-enhanced MRI protocols typically have high spatial 
ǊŜǎƻƭǳǘƛƻƴ ŀƴŘ ǊŜƭŀǘƛǾŜƭȅ ƭƻǿ ǘŜƳǇƻǊŀƭ ǊŜǎƻƭǳǘƛƻƴ όҗ м Ƴƛƴύ

ÅEarly studies looking into trade-offs between spatial and temporal resolution 
concluded that spatial resolution should be favored1

ÅWash-in of contrast media is an important diagnostic parameter

ÅFaster acquisition protocols offer: better characterization of wash-in kinetics, 
greater lesion conspicuity2,3, and increased accuracy of pharmacokinetic 
analysis

t = 7.6s t = 15.2s t = 22.8s



Decreasing acquisition time

ÅThere are a few options to increase the temporal 
resolution of DCE-MRI

ÅSmaller coverage
ÅLower spatial resolution
ÅParallel imaging
ÅPartial Fourier
ÅModified acquisition techniques



UChicagoacquisition protocol

ÅWe achieved a temporal resolution of ~3.5s on our 3T scanners (Philips 
Achievaand Ingenia) with a 16-channel bilateral phased array coil using 
standard Fourier imaging techniques

Ψ{ǘŀƴŘŀǊŘΩ Ψ¦ƭǘǊŀŦŀǎǘΩ

Acquisition time: 60 s
Acq. voxel size: 0.8 mm x 0.8 mm x 1.6 mm
SENSE factor (RL) : 2.5
Halfscan: 0.85 (ky), 1 (kz)
TR/TE: 4.7 / 2.4 ms

Acquisition time: 3.5 s
Acq. voxel size: 1.5 mm x 1.5 mm x 4 mm
SENSE factor (RL) : 3
Halfscan: 0.65 (ky), 0.7 (kz)
TR/TE: 2.8 / 1.4 ms
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Other ultrafast acquisition techniques

ÅModified acquisition and reconstruction techniques can be used to increase the 
temporal resolution of DCE-MRI while minimizing sacrifices in spatial resolution

TWIST (Laubet al. 2006)

DISCO (Saranathanet al. 2012)

Acquisition voxel size: 1.6 x 1.6 x 1.6 mm3

Temporal resolution: 2.7s
(Onishiet al. 2020)

Acquisition voxel size: 1 x 0.9 x 2.5 mm3

Temporal resolution: 4.32s
A region: 15%
B sampling density: 10%
(Mus et al. 2017)



Lesion conspicuity

ÅGiven the slower enhancement rate of normal parenchyma, lesion conspicuity 
is often highest in early images, this is especially pronounced in cases with 
marked BPE



Time to enhancement
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Diagnostic utility of initial enhancement

ÅSeveral studies4-10 have shown that ςon average ςmalignant lesions, relative 
to benign lesions, have: faster time-to-enhancement, higher initial/maximum 
slope of enhancement, higher initial area under the uptake curve

a. IDC
b. IDC
c. Complex sclerosinglesion
d. Fibroadenoma

Time-to-enhancement maps



Discussion - Ultrafast DCE-MRI

ÅUltrafast imaging during the initial phase of breast DCE-MRI offers several 
advantages:
ÅIncreased lesion conspicuity in cases with marked BPE

ÅAccurate measurement of initial enhancement kinetics

ÅMeasurement of kinetic parameters relative to bolus time-of-arrival in the aorta or 
arteries ςreducing influence from global variables

ÅHybrid ultrafast/high spatial resolution protocols can be implemented 
clinically

ÅThere are various techniques for the acquisition of ultrafast DCE, protocols 
should be tailored for each site/scanner



Low-dose Imaging Technique (LITE) MRI:
imaging with low doses of Gd



Gadolinium retention

ÅRecent studies have reported that gadolinium can deposit in the brain 
after repeated administrations of gadolinium based contrast agents 
(GBCA) in patients with normal renal function 

ÅAlthough no long-term consequences for patient health have been 
identified this is of growing concern in the patient and imaging 
communities

ÅThe accumulation of Gdis dose-dependent

ÅReducing the dose of Gdused may help alleviate some of these concerns



GBCA dosage

ÅThe standard dose of GBCAs used currently (0.1 mM/kg) was 
determined in the 1980s after initial experience showed it was well-
tolerated and effective for imaging
ÅMinimum effective dose was not determined

ÅAt the time, the field strengths at which MRI was performed were lower 
(0.35T ς0.5T) than those used nowadays (1.5T ς3T)
ÅbŀǘƛǾŜ ǘƛǎǎǳŜ ¢мΩǎ ƘƛƎƘŜǊ ŀǘ ƘƛƎƘŜǊ ŦƛŜƭŘ ǎǘǊŜƴƎǘƘǎ

ÅThe standard dose of 0.1 mM/kg may not be optimal for modern-day 
breast DCE-MRI



Study design

Å8 patients (ages 18-60 years) with a total of 10 lesions with imaging features 
most compatible with fibroadenoma were imaged with a protocol combining 
ǳƭǘǊŀŦŀǎǘ ŀƴŘ ΨǎǘŀƴŘŀǊŘΩ 5/9ƭ11

ÅFibroadenomas selected for rapid enhancement and lower inter-lesion variability

ÅThe first injection consisted of 15% of a standard dose (0.015 mM/kg)

ÅThe second injection delivered 85% of a standard dose (0.085 mM/kg)

ÅInjection flow rates (2 ml/s) and flush volume (20 ml) were the same for both 
administrations



Results - detectability

Å9 of the 10 lesions had measurable enhancement on both series of images
Å1 lesion did not enhance in either series

ÅWhile enhancement was higher in the standard dose images, lesions were well-
visualized on LITE as well
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Results - conspicuity

ÅDue to lower BPE, conspicuity of lesions was higher in the LITE images

Low dose Standard dose



Results ςkinetic parameters

ÅWhile the (low-to-standard) ratio of doses administered was ~0.18, this was not 
reflected in the ratios of the parameters measured


