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The purpose of this study was to establish and provide guidelines for the standardized
acquisition and interpretation of diffusion-weighted magnetic resonance imaging
(DW-MRI) to improve the image quality and reduce the variability of the results
interpretation. The standardized protocol includes the use of high-resolution DW-
MRI with advanced techniques and post-processing. The aim of the protocol is to
increase the effectiveness of the medical image information exchange involved in
the construction, activation, and exchange of clinical information for healthcare
use. An organized interpretation form could make DW-MRIs' interpretation easier
and more familiar. Herein, the authors briefly review the basic principles, optimized
image acquisition, standardized interpretation guidelines, false negative and false
positive cases of DW-MRI, and provide a standard interpretation form and examples
of various cases to help users become more familiar with the DW-MRI.
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INTRODUCTION

Dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI) evaluates the
morphologic and kinetic features of breast lesions, and it is the most sensitive and
accurate imaging modality for the detection and characterization of breast cancer (1-
3). However, widespread use of DCE-MRI is limited by its high cost, long duration, and
the use of contrast agents (4, 5). Besides DCE-MRI, spectroscopy, diffusion-weighted
MRI (DW-MRI), and perfusion MRI are known as supplemental techniques. Among
them, DW-MRI has been used in clinical practice for the longest time, because it can
create contrast between tissues without contrast injection and obtain images in a short
time. Consequently, many DW-MRI studies have been published. DW-MRI has mainly
played a role in increasing the specificity and the diagnostic performance of DCE-MRI,

83


http://crossmark.crossref.org/dialog/?doi=10.13104/imri.2022.26.2.83&domain=pdf&date_stamp=2022-07-01

IMRI

and with the recent development of advanced technology,
interest in the role of DW-MRI as a non-contrast cancer
screening modality is increasing.

DW-MRI is a fast, unenhanced technique that can be
used as a cancer screening and characterization modality.
High-resolution DW-MRI using advanced techniques
and postprocessing can enable better detection and
characterization of subcentimeter cancers and reduce
false negatives and positives. Furthermore, optimized DW-
MRI acquisition and interpretation guidelines can improve
image quality and reduce the variability of the results
interpretation (4-8).

Recently, the European Society of Breast Radiology
(EUSOBI) issued a consensus statement that describes
the acquisition parameters for standard breast DW-
MRI sequences and suggests the acquisition protocol for
screening DW-MRI (4, 9).

In this article, we provide an optimized acquisition
protocol for DW-MR imaging through a literature survey
and the opinions of a group of Korean domestic breast-
imaging experts. In addition, we have organized a standard
interpretation lexicon, verified the developed interpretation
guidelines, and provided a standard interpretation form and
examples.

Basic Principles and Optimized Image Acquisition

DW-MRI is a non-contrast technique measuring the
motion of water particles in vivo and analyzing microscopic
tissue structure cellularity, membrane integrity, viscosity,
fibers, tubules, organelles, and macromolecules (10). During
the acquisition, motion-sensitizing gradients are used; B
value is the real diffusion weighting or sensitization (s/
mm?). So, DW-MRI settles down its own tissue contrast
without the need for contrast injection. Apparent diffusion
coefficient (ADC) is the typical extent to which a water
molecule of a concerned tissue occupies as square mm per
second. This is the quantification of DW-MRI and means
the diffusion in biologic tissues is not unrestricted and is
controlled by complex appliances (8).

In general, on DW-MRI, malignant lesions show diffusion
restriction which is appreciated as bright signal intensity (SI)
on DW-MRI and having decreased ADC values. This feature
is mostly associated with high cell density and limited
extracellular planetary (11). However, visual contrast on
DW-MRI is determined by not only diffusion features, but
also relaxation times and proton concentration. The best-
known example of this problem is the T2 shine-through
effect. Notably, on a DW-MRI with an increasing b value,
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T2 effects will decrease. T2-effects can be mathematically
removed from DW-MRI to create a pure parametric image.
This set of data is known as the ADC map. For DW-MRI, any
plane can be used; it is recommended to choose the same
plane as the one used for DCE imaging for synchronized
evaluation.

The b value provides data on the level of the diffusion
weighting and is proportional to the gradient strength
and diffusion time. Certain b values should be used to
standardize ADC thresholds. For lesion detection, high
b values (800-1500 s/mm?) are preferred as they create
a respectable distinction between the lesion and the
neighboring soft tissues (12). On the other hand, when the
aim is benign and malignant discrimination, the selection
of b value is less critical. Performing DW-MRI with more
than two b values provides a more accurate sampling of the
signal drop. However, breast studies on the use of more than
two b values have not been showing superiority, therefore
two b value use in DW-MRI is still considered standard (13).
As the first b value, it is also possible to select a b value (b
> 50 s/mm?) other than zero to avoid perfusion and flow
effects.

Diffusion-weighted imaging of breast is technically
challenging because of the breast being off-center within
the bore and having intrinsic susceptibility artifacts.
However, many technical improvements can be used: proper
b value choice, adequate signal-to-noise ratio, satisfactory
fat suppression, and artifact reduction tools (14).

The standardization of DW-MRI acquisitions is challenging
but essential to ensure reliable sensitivity and specificity.
According to the EUSOBI guidelines, breast DW MRI should
be performed on a closed bore magnet using a dedicated
breast coil with at least four channels at a field strength
of at least 1.5T, a maximum gradient strength of at least
30 mT/m, and if possible, prior to administration of the
contrast agent administration (4, 9) (Table 1). Single-
shot or multishot echo-planar imaging (EPI) with spin-
echo should be used as a readout sequence in axial planes
of bilateral breasts with a minimum in-plane resolution
of 2 x 2 mm’ and a section thickness of 4 mm or less. To
reduce susceptibility artifacts, the echo time should be
minimized to the lowest possible value, and the repetition
time should be at least 3000 msec. All the EPI sequences
are fat-suppressed to prevent ghosting and the potential
underestimation of ADC values; spectral adiabatic inversion
recovery (SPAIR) fat suppression method is preferred over
the short tau inversion recovery (STIR). Parallel imaging
with an acceleration factor of 2 is recommended to reduce
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Table 1. Requirements for Diagnostic, Screening Breast DW-MRI, and Optimized Aqcusition Protocol

+

Parameter Diagnostic examination” Screening examination
Equipment
Magnet field strength 215T 30T
Type of coil 2 4 channels 16 or 18 channels

Acquisition parameter

In-plane resolution <2 x2 mm? < 1.3 x 1.3 mm?
Slice thickness <4 mm <3mm
Number of b values 3

Lowest b value 0-50 s/mm? 0 s/mm?

High b value 800 s/mm’ 800 and 1200 s/mm?

Post-processing

ADC map

Low b and 800 s/mm?

0 and 800 s/mm?

MIP Not required

Axial and sagittal MIP

Optimized aqcusition protocol

Magnetic field strength (= 1.5T)

Coil: Dedicated breast coil

Axial DWI before contrast injection

B value = 0 and more than one high b values (800-1500 s/mm?)

Less than 3 mm in thickness and less than 1.5 mm’ in-plane pixel resolution
MIP and fusion image (if possible)

"Recommendation of the European Society of Breast Radiology (EUSOBI)
‘Recommended in Korean multicenter screening DW MRI study group
ADC = apparent diffusion coefficient; MIP = maximum intensity projection

distortion due to susceptibility artifacts (4, 9).

In addition, DIW-MRI can be used to detect breast cancer
with higher performance at 3.0T with read-out segmented
EPI and b values of 1000-1500 s/mm” than at 1.5T with
basic EPl and b values of 600-850 s/mm? (11, 13, 15-23).
The recently published articles recommend a b value of
800 for ADC value measurement and a b value of 1200
for breast cancer screening (5, 14, 22) (Table 1). Moreover,
unenhanced magnetic resonance screening using fused
diffusion-weighted imaging and maximum-intensity
projection was known to be useful (23).

Lesion Interpretation Guidelines

At present, there is no adequate explanation of
background diffusion signals or qualitative analysis of
lesions within DW-MRI. In the ACR BI-RADS MRI section,
standard read-out terms regarding the background diffusion
signal or qualitative techniques for lesions within DWI have
not yet been established. In order to develop standardized
interpretation criteria, it is necessary to understand the
appearance and normative range of ADCs in the breast
parenchyma on DW-MRI. A normal breast parenchymal
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tissue exhibits a high SI on DW-MRI with low b values,
as the low b value image is primarily T2-weighted. As the
b value increases, the SI of normal breast tissue becomes
suppressed. The degree of background diffusion signal on
DW-MRI with high b values can vary among women and
can be visually assessed according to the four-point scale
of minimum, mild, moderate, and marked, similar to the
background parenchymal enhancement in DCE-MRI (24, 25)
(Table 2). Although hormonal fluctuations may influence
the breast ADC values, a recent study reported that in the
DW-MRI, the ADC values of normal breast parenchyma are
not significantly affected by the menstrual cycle, unlike in
the contrast-enhanced MRI (26) (Fig. 1).

When DW-MRI is employed as a stand-alone screening or
diagnostic tool, lesions, defined as unique areas of high SI
that are distinct from background signals, must be detected
on DW-MRI with high b values (5), although the reported
ADC values for breast carcinoma show great variations. In
addition, the morphologies of the lesions on DW-MRI can
be categorized as foci, masses, or non-mass lesions (Table
2). In the cases of the masses lesions, the shape (round/
oval or irregular) and internal signal pattern (homogeneous,
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Table 2. Interpretation Lexicon and Interpretation Criteria

Classification

MRI sequence
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Suspicious or non-suspicious criteria

High b value DWI

Background diffusion

Minimal/mild/moderate/marked

signal (BDS)
Symmetric or asymmetric
Focus Focus/foci
Mass Shape Oval/round Non-suspicious
Irregular Suspicious
Margin Circumscribed Non-suspicious
Not circumscribed Suspicious
Internal signal Homogeneous Non-suspicious
characteristics
Heterogeneous/rim Suspicious
Nonmass Distribution Focal/regional/diffuse Non-suspicious

Linear/segmental

Suspicious

ADC map

Diffusion level

Internal signal Homogeneous Non-suspicious
characteristics

Heterogeneous Suspicious
Very high > 2.1 % 10° mm?/s Non-suspicious
High 1.7-2.1 x 107 mm?/s Non-suspicious
Intermediate 1.3-1.7 x 107 mm?/s Non-suspicious
Low 0.9-1.3 x 10”° mm?/s Susspicious
Very low < 0.9 x 10° mm?/s Suspicious

Detail which breast (right, left, or bilateral)
Location: quadrant, clock face, subareolar, central, axillary tail, axilla

Lesion location

Depth: anterior, middle, posterior,

Distance from nipple, skin, or chest wall (in cm) as appropriate

Lesion size at ADC map

or high b value DWI Measure in at least 2 dimensions

ADC map is calculated from b = 0 and 800 mm?/sec DWI

- X: Longest measurement on axial image best depicts lesion (AP or trans)
- Y: Measurement orthogonal to X using same image (trans or AP)

- Z: Measurement CC length (if measurable)

ADC = apparent diffusion coefficient; DWI = diffusion weighted imaging

heterogeneous, or rim) can be reported, whereas in non-
mass lesions, the distribution (focal, regional, linear, or
segmental) and internal signal pattern (homogeneous or
heterogeneous) can be reported (25) (Table 2).

Lesions detected on high b value DW-MRI require cross-
correlation with the ADC map, to rule out "T2 shine-
through" effects and the lesions with true restricted
diffusion should exhibit low ADCs. Quantitative ADC values
(expressed in the units of 10° mm?/s) are measured by
drawing a region of interest (ROI) on the lesion on the
ADC map. The ROl should be drawn completely within the
lesion, consistent with the hyperintense areas on high b
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value DW-MRI, while avoiding normal tissue and areas of
necrosis, hemorrhage, or fat (14). ADC value was measured
by small (3-6 mm?) regions of interest within the darkest
part of the lesion's on the ADC map using PACS software
(27) (Fig. 2). The selection of the most appropriate ADC
threshold depends on the expectations from the DW-MRI.
For breast cancer screening, the threshold selected must
be high. However, to increase the specificity of DCE-MRI,
a lower threshold is preferred (14). The recommended ADC
threshold values for benign-malignant distinction vary
between 0.90 and 1.76 x 10° mm?’[s (28, 29). In general,
benign lesions show a higher mean of ADC than malignant

www.i-mri.org
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Fig. 1. A 46-year-old woman with ductal carcinoma in situ.
(a-c) On diffusion-weighted images with b values of (a) 0,
(b) 800, and (c) 1200 s/min® there was a 1-cm, irregular,
not circumscribed, heterogeneous, high signal intensity
mass (arrows) at the middle portion (distance from nipple:
2.3 c¢m) in the 11 o'clock direction of the left breast. (d, e)
The apparent diffusion coefficient values of the apparent
diffusion coefficient map were very low (0.7 x 10™ mm?/s)
(arrows). (f, g) On a maximal intensity projection image of
contrast enhancement MRI (f), mass was obscured by breast
g parenchymal enhancement, but the high signal intensity
mass was prominent on a diffusion maximal intensity
projection image (arrow) ().
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Fig. 2. A 36-year-old woman with invasive ductal carcinoma (triple-negative). (a-c) On diffusion-weighted images with b
values of (2) 0, (b) 800, and (c) 1200 s/min there was a 3.5-cm, oval, not circumscribed, homogeneous, high signal intensity
mass (arrows) with a small daughter mass (arrowheads) at the middle portion (distance from nipple: 2.8 ¢cm) in the 5 o'clock
direction of the left breast. (d-f) The apparent diffusion coefficient values of the apparent diffusion coefficient map were
very low (0.7 x 10”° mm?[s). It was preferred to measure ADC values in a small region of interest within the darkest part of
the lesion's ADC map (e) rather than using the entire lesion (f). (d arrow, arrowhead) (g, h) On diffusion-weighted images
with b values of 1200 s/min® (g) and on the apparent diffusion coefficient map (h) after neoadjuvant chemotherapy, there
was no residual lesion, which was evaluated as a complete response according to the Solid Tumor Response Evaluation
Criteria (RECIST) criteria.
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lesions, but there is a significant overlap with malignant
lesions (14). In a consensus and mission statement, the
EUSOBI International Breast Diffusion-Weighted Imaging
working group suggested a diffusion level lexicon based
on lesion appearance on b = 800 s/mm” images, ADC
maps, and ADC values: very low (< 0.9 x 10™ mm?/s), low
(9-1.3 x 10”° mm?[s), intermediate (1.3-1.7 x 10° mm?/
s), high (normal, 1.7-2.1 x 10° mm?[s), and very high (>
2.1 x 10 mm?’[s) (9) (Table 2). For qualitative evaluation
without an ADC threshold, the lesion is compared to normal
fibroglandular tissues on both DW-MRI and ADC maps. If
the lesion is brighter on DW-MRI and darker on ADC than
normal fibroglandular tissue, it is classified as a diffusion-
restricting area (8). An ongoing multicenter prospective
clinical trial (clinicaltrials.gov ldentifier: NCT03835897) in
South Korea, which employs the DW-MRI for primary breast
cancer screening in high-risk women, used an interpretation
algorithm that combines quantitative b value measurements
with qualitative morphology evaluation and uses an ADC
cutoff value of 1.3 x 10° mm?/s (6). The reading forms

Table 3. Definition and Examples of Assessment

IMRI

according to Tables 2 and 3 are presented as an example (25)
(Fig. 3).

Clinical Application and Performance

Breast DW-MRI has been reported to reduce false-
positive consequences, excessive interventions, and improve
the positive predictive value (11, 14). It has been shown
to have the potential to increase the accuracy of lesion
characterization and diagnosis with multiple studies (30).
In addition, DW-MRI has the potential for the monitoring
and prediction of treatment response, axillary lymph node
evaluation to improve the diagnostic performance in nodal
staging, prediction of axillary lymph node metastasis, and
breast cancer screening (4, 31) (Figs. 2, 4).

In a meta-analysis of 14 studies with 1140 patients,
DW-MRI alone showed a pooled sensitivity and specificity
of 86.0% and 75.6%, respectively, compared to 93.2%
and 71.1%, respectively, for DCE-MRI alone (32). Multiple
studies including one prospective multi-center trial have
shown that DW-MRI can reduce unnecessary benign

Category 0: Incomplete assessment, additional imaging needed

Category 1: Negative, routine follow-up

No lesion found

Category 2: Benign, routine follow-up

No suspicious finding or typical benign findings

Mass/focus: oval/round and homogeneous - ADC > 1.3
Nonmass: focal or regional, homogeneous - ADC > 1.3

Category 3: Probable benign, short-interval (6-month)
follow-up

Probable fibroadenoma, complicated cyst or fibrocystic change with
suspicious findings in only 1 criterion

Mass/focus: oval/round and homogeneous - ADC < 1.3
Mass/focus: oval/round, rim or heterogeneous - ADC > 1.3
Mass/focus: irregular and homogeneous - ADC > 1.3
Nonmass: focal or regional, homogeneous - ADC < 1.3
Nonmass: focal or regional, heterogeneous - ADC > 1.3
Nonmass: segmental or linear, homogeneous - ADC > 1.3

Category 4: Suspicious abnormality, tissue diagnosis

A combination of suspicious and non-suspicious findings with more than 2

suspicious criteria

Mass/focus: ovalfround, rim or heterogeneous - ADC < 1.3
Mass/focus: irregular and homogeneous - ADC < 1.3
Mass/focus: irregular, rim or heterogeneous - ADC > 1.3
Nonmass: focal or regional, heterogeneous - ADC < 1.3
Nonmass: segmental or linear, homogeneous - ADC < 1.3
Nonmass: segmental or linear, heterogeneous - ADC > 1.3

Category 5: Highly suggestive of malignancy, tissue diagnosis

Typical characteristic findings of breast cancer in all criteria

Mass/focus: irregular, rim or heterogeneous - ADC < 1.3
Nonmass: segmental or linear, heterogeneous - < 1.3

Category 6: Known biopsy-proven malignancy, appropriate
action should be taken

ADC = apparent diffusion coefficient

WWW.i-mri.org
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Indication for examination: preoperative evaluation (known biopsy-proven
malignancy).

MR sequence: DWI (b=0, 800, 1200) / ADC map / DWI MIP

Amount of fibroglandular tissue (FGT): d. extreme fibroglandular tissue
Background parenchymal signal (BPS): mild, symmetric

Findings:

1) A 1.6-cm, oval, not circumscribed, heterogeneous, high SI mass (bx. proven
IDC) at the middle portion (distance from nipple: 4.3 cm) in the 12 o'clock
direction of the left breast. ADC value is very low (0.7 x 10° mm?/s).

- Category 6, known biopsy proven malignancy

2) A 1.3-cm, irregular, not circumscribed, heterogeneous, high Sl mass at the
upper portion (distance from nipple: 6.1 cm) in the 11 o'clock direction of the
left breast. The ADC value is very low (0.7 x 10° mm?/s).

- Category 5, highly suggestive of malignancy

3) Several, oval, circumscribed, homogeneous, high Si masses/foci in the right
breast. The ADC values are intermediate (1.3-1.7 x 10”° mm?/s).

- Category 2, benign finding

Assessment category: Category 5, highly suggestive of malignancy, biopsy
recommended

g
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Fig. 3. A 45-year-old woman underwent breast diffusion-
weighted MRI for preoperative evaluation (known biopsy-
proven invasive ductal carcinoma). (a-d) On diffusion-
weighted images (b = 1200 s/min® in a-c) and (d) a maximal
intensity projection image, two suspicious high SI masses
(arrows, dashed arrows) were visible in the left breast and
several high SI masses/foci (arrowheads) were visible in
the right breast. (e, f) The apparent diffusion coefficient
values of the apparent diffusion coefficient map show
low signal intensity (< 0.9 x 10 mm’/s) at two suspicious
masses in the left breast (arrow, dashed arrow), but, show
intermediate signal intensity (1.3-1.7 x 10 mm?[s) at
several massesffoci in the right breast (arrowhead). (g) The
reading form of this case.

www.i-mri.org
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Fig. 4. A 48-year-old woman with screening-detected invasive ductal carcinoma. (a-d) On diffusion-weighted images with
b values of (a) 0, (b) 800, and (c) 1200 s/min” and (d) a maximal intensity projection image, there was a 1-cm, irregular,
not circumscribed, heterogeneous, high signal intensity mass (arrows) at the posterior portion (distance from nipple: 5.6
cm) in the 12 o'clock direction of the right breast. (e, f) The apparent diffusion coefficient values of the apparent diffusion

coefficient map were very low (0.9 x 10° mm®/s) (arrows).

biopsies of suspicious mammographic or DCE-MRI-detected
lesions, and it is now considered an important part of multi-
parametric breast MRI protocols (33).

False Negative and False Positive Findings

False negatives or false positives can be caused by
various factors including the characteristics of carcinoma,
such as low cellularity or non-mass morphologic types,

www.i-mri.org

and the limited resolution of the DW-MRI technique. In
addition, there could be other technical issues including
artifacts, inadequate fat suppression, or a low signal-to-
noise ratio. Mucinous carcinoma is a well-known cause
of false-negative results, owing to the low cellularity and
high mucin content (34, 35) (Fig. 5). Moreover, triple-
negative cancer with extensive necrosis can present with
high ADC values (36). Ductal carcinoma in situ (DCIS) and
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invasive lobular carcinoma are typically non-mass type
carcinomas and are more likely to be missed by DW-MRI,
compared to the invasive ductal carcinoma, owing to the
low conspicuity (17, 21, 23) (Fig. 6). Finally, considering the
typical in-plane spatial resolution (2 x 2 mm?) and section
thickness (3-5 mm) of DW-MRI, small cancers (1 cm or less
in size) are expected to be less detectable or incorrectly
characterized on account of the partial volume effects
(35). We recommended less than 3 mm thickness in the
optimized acquisition protocol (Table 1), so this limitation
was overcome (Fig. 4).

To date, there have been few reports of false-positive
findings on DW-MRI, and the most known are mastitis,
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Fig. 5. A 48-year-old woman with mucinous carcinoma.
(a-c) On diffusion-weighted images with b values of (a)
0, (b) 800, and (c) 1200 s/min? there was a 2.2-cm, oval,
circumscribed, high signal intensity mass (arrows) at the
middle portion (distance from nipple: 3.9 cm) in the 2 o'clock
direction of the left breast. (d, e) The apparent diffusion
coefficient values of the apparent diffusion coefficient map
were high (2.1 x 10° mm®/s) (arrows).

abscesses, hematomas, complicated cysts, intramammary
lymph nodes, intraductal papillomas, atypical ductal
hyperplasias, fioroadenomas with high cellularity, and
artifactual lesions (17, 21). The diffusion of water molecules
is not only restricted in the environments with high
cellularity, but also in the regions of intracellular and
extracellular edema, regions of high viscosity in abscesses
and hematomas, coagulated blood, or proteinaceous debris
within ducts and cysts, and areas with a high degree of
fibrosis. Hematomas having intracellular oxyhemoglobin,
deoxyhemoglobin, or methemoglobin, fibroepithelial lesions
with high cellularity, breast abscess, mastitis, cyst with thick
content, intramammary lymph nodes, DCIS, intraductal

www.i-mri.org
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Fig. 6. A 31-year-old woman with DCIS underwent breast diffusion-weighted MRI for screening for high risk, based on
family and personal history (previous excision for intraductal papilloma, atypical ductal hyperplasia, flat epithelial atypia).
(a-d) On diffusion-weighted images with b values of (2) 0, (b) 800, and (c) 1200 s/min® and (d) a maximal intensity
projection image, there was a 2.9 x 2.7 x 6.2 cm (anteroposterior x transverse x craniocaudal), regional, heterogeneous,
high SI nonmass (arrows) at the middle portion (distance from nipple: 1.2 cm) in the 3 o'clock direction of the right breast. (e,
f) The apparent diffusion coefficient values of the apparent diffusion coefficient map were low (1.0 x 10° mm?/s) (arrows).

papilloma, and atypical ductal hyperplasia may show  SUMMARY
diffusion restriction as well (11).

Finally, the artifactual signal at the nipple, an area prone Breast DW-MRI is emerging as a key imaging technique
to susceptibility-based distortion on DW-MRI, may cause to complement DCE-MRI of the breast. DW-MRI is a safe,
false-positive findings (21). fast, unenhanced technique that allows a higher volume

of patient throughput, thus being more cost-effective
while maintaining a high diagnostic accuracy ("high-value

www.i-mri.org 93
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imaging"). It is therefore a potential breast cancer screening
modality and can be used in the accurate differential
diagnosis of benign and malignant breast lesions and
the monitoring of breast cancer response to neoadjuvant
chemotherapy. A major strength of DWI is that it doesn't
need a contrast agent.

DW-MRI not only has the potential to be used as a stand-
alone image modality for screening or diagnostic imaging,
but also employs T1 and T2WI analyses, which are non-
contrast images, this enables further analyses of shape.
When used together with DCE-MRI, the two modalities can
complement each other; it is expected that the specificity
will be increased and it will be less affected by breast
parenchymal enhancement.

High-resolution DW-MRI using advanced acquisition
techniques and post-processing will facilitate better
detection and characterization of sub-centimeter cancers
and reduce the false-negative and false-positive findings.
An optimized acquisition protocol and interpretation lexicon
can improve the DW-MRI image quality and reduce results
variability.
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