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Abstract
Purpose—To evaluate the performance of 2D versus 3D T2-weighted spin echo imaging in the
breast.

Materials and Methods—2D and 3D T2-weighted images were acquired in 25 patients as part
of a clinically indicated breast MRI. Lesion-to-fibroglandular tissue signal ratio was measured in
16 identified lesions. Clarity of lesion morphology was assessed through a blinded review by three
radiologists. Instances demonstrating the potential diagnostic contribution of 3D versus 2D T2-
weighted imaging in the breast were noted through unblinded review by a fourth radiologist.

Results—Lesion-to-fibroglandular tissue signal ratio was well correlated between 2D and 3D
T2-weighted images (R2 = 0.93). Clarity of lesion morphology was significantly better with 3D
T2-weighted imaging for all observers based on a McNemar test (p ≤ 0.02, p ≤ 0.01, p ≤ 0.03).
Instances indicating the potential diagnostic contribution of 3D T2-weighted imaging included
improved depiction of signal intensity and improved alignment between DCE and T2-weighted
findings.

Conclusion—In this pilot study, 3D T2-weighted imaging provided comparable contrast and
improved depiction of lesion morphology in the breast in comparison to 2D T2-weighted imaging.
Based on these results further investigation to determine diagnostic impact of 3D T2-weighted
imaging in breast MRI is warranted.
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INTRODUCTION
T2-weighted imaging is a standard component of breast MRI exams. It is most prominently
utilized for the identification of cysts but also can contribute to the characterization of
lesions as benign or malignant (1–4). While the centerpiece of breast MRI remains T1-
weighted dynamic contrast enhanced (DCE) imaging, both lesion signal intensity and
morphology on T2-weighted images can also aid in differential diagnosis. The role of T2-
weighted imaging in breast MRI has been investigated sporadically, with a few studies
having demonstrated a potential contribution to improvement in specificity (1,3,5). Clinical
evaluations of breast MRI also frequently incorporate acquisition of T2-weighted images
(6,7). However, despite the well-established inclusion of T2-weighted imaging in breast
MRI, the extent of its role remains vague. Recent studies continue to show the potential
contribution of the technique to differential diagnosis (2) however, others point to the
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lingering questions about the significance of T2-weighted imaging as a part of routine breast
MRI (8).

The challenge of determining a well-defined role for T2-weighted imaging in the breast is
likely due, in part, to the technical limitations of efficient T2-weighted imaging, particularly
in comparison to the highly efficient gradient-echo DCE acquisitions. Long repetition times
are necessary with T2-weighted acquisitions to allow for T1 recovery, but echo train lengths
are limited by the relatively short T2 times (T2 ≪ T1). As a result, signal acquisition is only
possible for a small percentage of the long repetition time, leading to excessive scan times
for high-resolution imaging. In order to maintain reasonable scan times, conventional T2-
weighted sequences use multi-slice 2D acquisitions with relatively low (~4mm) through-
plane resolution often with slice gaps. The low through-plane resolution is also necessitated
by the magnetization transfer effect on image contrast, which is exacerbated for very thin
contiguous slices (9) in 2D multi-slice RARE (Rapid Acquisition with Relaxation
Enhancement) (10) imaging. In addition slice profiles are distorted by gradient nonlinearities
further confounding alignment between T2 and DCE findings. These inherent factors limit
the full incorporation of T2-weighted imaging in breast MRI as the 2D multi-slice T2-
weighted images are lower resolution and may suffer more distortion than their DCE
counterparts.

Recently developed 3D T2-weighted sequences (11–14) have been designed to address the
inherent challenges of fast T2-weighted imaging. Three-dimensional T2-weighted sequences
utilize modified refocusing flip angle schedules, which preserve transverse magnetization,
allowing for significantly longer echo trains (15). As a result, T2-weighted images with high
resolution can be acquired in clinically feasible scan times. The ability to acquire T2-
weighted images with a 3D excitation provides further benefits because magnetization
transfer effects can be avoided and distortions due to gradient non-linearities can be
corrected. While the modified flip angle schedules utilized in 3D T2-weighted imaging
provide a means to overcome the inherent inefficiency of RARE imaging, they also
introduce more complex stimulated echo pathways, the effect of which must be taken into
account for their design and implementation in vivo.

The performance of 3D T2-weighted imaging has been investigated for a number of
applications with varying results (16–20). In the ankle, the high-resolution 3D T2-weighted
image volumes improved the depiction of diagnostic findings in any orientation (16).
Uterine anomalies (19) and intraneural ganglion cysts (17) have been shown to be more
clearly delineated using 3D T2-weighted acquisitions. In the knee, (20), the depiction of
ligaments was equivalent between the 2D and 3D T2-weighted techniques but detection of
meniscus tears was better with 2D FSE (Fast Spin Echo).

In this work, we investigate the performance of a 3D T2-weighted acquisition, 3D-FSE-
Cube (14,21) in comparison to a conventional 2D T2-weighted acquisition (2D-FSE) in the
breast. Both sequences were acquired in patients undergoing clinically indicated breast
MRIs. The resultant images were analyzed for image contrast, depiction of lesion
morphology, and potential for diagnostic impact. The goal of this work was to provide an
initial evaluation of the consequences of replacing 2D T2-weighted imaging with 3D T2-
weighted imaging in breast MRI, with analysis based on the aspects of T2-weighted images
that have been shown to have the potential to contribute diagnostic information to breast
MRI.
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MATERIALS AND METHODS
The 3D T2-weighted method utilized in this work is termed 3D-FSE-Cube (21) and is one of
a class of sequences (11–14) that utilize specific refocusing flip angle schedules to maintain
signal while extending echo trains. 3D-FSE-Cube utilizes an iterative process based on
expected tissue parameters to determine the optimal refocusing flip angle schedule that
quickly achieves a pseudo steady state with high signal (14). The signal is maintained for an
extended period of time in comparison to the signal duration of conventional 2D T2-
weighted sequences, thus allowing for more echoes per TR and a more efficient acquisition.
In 3D T2-weighted imaging, stimulated echoes introduce T1 contamination to the signal and
impact signal-to-noise ratio while the extended echo trains can cause tissue-dependent
blurring. The effective image contrast of the sequence is dependent on the T1 and T2 of the
tissues of interest and therefore may vary in vivo between applications.

In this study, 3D-FSE-Cube was assessed in comparison to 2D FSE, which is the sequence
used to acquire T2-weighted images in routine breast MRI protocols at our institution.
Twenty-five patients undergoing clinically indicated breast MRIs were scanned with both
2D FSE and 3D-FSE-Cube as part of their breast MRI. In 20 cases, patients were recruited
consecutively. In the 5 other cases patients were recruited because of the known presence of
a lesion based on biopsy or on previous imaging studies. All patients provided informed
consent and all recruitment and consenting followed IRB institutional policies. In all cases,
2D FSE and 3D-FSE-Cube acquisitions were performed before the injection of contrast for
the DCE acquisition.

Scans were performed on a GE Discovery MR 750 3T scanner (GE Healthcare, Waukesha,
WI) with an 8-channel GE HD breast coil (GE Healthcare, Waukesha, WI). Imaging
parameters for 2D FSE were as follows, and reflect the parameters utilized clinically at our
institution: 32–38 cm FOV, 320 × 256 matrix, 4 mm slice thickness, 32–51 slices with no
gaps, ETL 16, TR 3580 ms, scan time of 6 minutes, and TE of 98 ms. Imaging parameters
for 3D-FSE-Cube were as follows: 30–33 cm FOV, 320 × 256 matrix, 2 mm slice thickness
interpolated to slices every 1 mm, ETL 64, TR 2500 ms, scan time of 4 minutes, and TE 80
ms. For fat suppression 2D FSE utilized IDEAL (Iterative Decomposition of Fat and Water
with Echo Asymmetry) (22,23). IDEAL is compatible with a number of different contrast
mechanisms and is routinely used for fat suppression across a variety of clinical applications
(22,24,25). The version of 3D-FSE-Cube utilized in this study employs spectrally-selective
inversion for fat suppression. Both 2D FSE and 3D-FSE-Cube were acquired in the axial
plane and utilized the auto-calibrating reconstruction for Cartesian (ARC) method (26,27)
for parallel imaging. 2D FSE was accelerated by a factor of 3 in the phase encode (left/right)
direction and 3D-FSE-Cube was accelerated by a factor of 2 in the phase encode (left/right)
direction and a factor of 2 in the slice encode (superior/inferior) direction. Each case was
analyzed for the presence of lesions by a radiologist with breast MRI expertise. Lesions
were identified based on pathology or on contrast enhanced image assessment and/or
stability from prior studies.

Image contrast was measured with a lesion-to-fibroglandular tissue signal ratio (SL/SF) for
all identified lesion. Lesion signal intensity (SL) was measured in an ROI placed in a central
slice of each lesion and fibroglandular tissue signal intensity (SF) was measured in an ROI
placed in a region of fibrous tissue in the same breast as the lesion of interest. Correlation
between SL/SF of the two techniques was assessed with an ordinary least squares linear
regression. Placement of ROIs was the same for each pair of images. Since T2-weighted
signal intensity can vary across the breast, effort was made to place ROIs in regions of
fibroglandular tissue with the most homogeneous signal. To evaluate the variability in the
signal measurement within each ROI, the average percent error (STD/mean) was calculated
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for each category of signal: 2D-FSE fibroglandular tissue signal, 2D FSE lesion signal, 3D-
FSE-Cube fibroglandular tissue signal, and 3D-FSE-Cube lesion signal.

Three radiologists with breast imaging expertise performed a blinded paired review of
identified lesions to assess the depiction of lesion morphology. Lesions demonstrating high
signal intensity on the T2-weighted images were included in this review. Only lesions with
high T2 signal were included because they could be localized without referencing the DCE
images. This assured that the impression of lesion morphology for this comparison was
based solely on the T2-weighted images. For each case, a single 2D FSE and a single 3D-
FSE-Cube image were shown side by side cropped and magnified around the lesion with an
arrow to indicate the lesion of interest (Figure 1). The order of the images within each pair
was randomized and slice location was matched between the two methods. For each pair of
images, the radiologist was asked to indicate in which image lesion morphology was
depicted more clearly, or if the depiction of lesion morphology was equivalent between the
two. A McNemar test was utilized to assess the results of this blinded paired comparison
with statistical significance set at p < 0.05.

To assess the potential effect on diagnostic information of 3D-FSE-Cube versus 2D FSE, a
fourth radiologist with breast MRI expertise performed an unblinded review of the 2D FSE
and 3D-FSE-Cube images in context of the full breast MRI exam. All cases were included in
this review. The radiologist first evaluated the DCE images with only the 2D FSE images
included and then reviews the cases again 3D-FSE-Cube images incorporated. Instances
where the 3D-FSE-Cube images contributed diagnostic information were noted. Both the 2D
FSE and 3D-FSE-Cube images were reviewed in the axial orientation in which they were
acquired as well as in reformatted sagittal and coronal orientations.

RESULTS
For the 25 cases included in the study, the clinical indications were high-risk screening (13),
preoperative staging (4), response to treatment (5) and diagnostic (3). A total of 17 lesions
were identified in 11 patients, 10 based on pathology and 7 based on image assessment and/
or stability from prior studies. Seven lesions were malignant (all invasive ductal carcinoma)
and 10 were benign (5 fibroadenomas, 3 cysts, 1 cyst/hematoma, 1 papilloma). SL/SF was
well correlated between 2D FSE and 3D-FSE-Cube (Figure 2). Ordinary least squares linear
regression demonstrated this agreement with a correlation coefficient of R2 = 0.93. One IDC
(invasive ductal carcinoma) was excluded from SL/SF analysis because the breast was
mostly fatty so there was insufficient fibroglandular tissue in which to measure signal. With
2D FSE, SL/SF ranged from 0.57 ± 0.11 to 1.30 ± 0.05 with a mean value of 1.01 ± 0.21 for
malignant lesions and from 0.84 ± 0.14 to 4.29 ± 0.08 with a mean value of 2.05 ± 0.65 for
benign lesions. With 3D-FSE-Cube, SL/SF ranged from 0.48 ± 0.29 to 1.39 ± 0.21 with a
mean value of 0.99 ± 0.25 for malignant lesions and from 1.30 ± 0.21 to 4.14 ± 0.16 with a
mean value of 2.16 ± 0.62 for benign lesions. The average percent error (STD/Mean) for
each of the four categories of measurements (2D FSE fibroglandular tissue: 0.19, 2D FSE
lesion: 0.26, 3D-FSE-Cube fibroglandular tissue: 0.20, 3D-FSE-Cube lesion: 0.29) indicated
that variability in the measurement of signal intensity was comparable for the two
techniques.

The comparable contrast between 2D FSE and 3D-FSE-Cube is demonstrated in a case that
included both an IDC and an enhancing fibroadenoma (Figure 3). In this case, both the IDC
and the fibroadenoma demonstrate increased signal due to contrast uptake in the DCE
images. In the corresponding 2D FSE and 3D-FSE-Cube images, the IDC is isointense with
respect to the surrounding fibroglandular tissue while the fibroadenoma is hyperintense with
respect to the same tissue.
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Ten benign lesions demonstrated high T2 signal and were included in the blinded paired
review to assess depiction of lesion morphology. The 10 benign lesions were from 5
patients. 3D-FSE-Cube provided improved depiction of lesion morphology in comparison to
2D FSE for lesions with high T2 signal. The improvement was significant for all three
observers (p ≤ 0.02, p ≤ 0.01, p ≤ 0.03) based on a McNemar test. Clarity of lesion
morphology in the 3D-FSE-Cube images was rated to be either equivalent to or better than
that in the 2D FSE images by all three radiologists for all lesions (Figure 4). The improved
depiction of lesion morphology is demonstrated in a cyst/hematoma (Figure 1) in which an
increased gradation of signal levels is evident in the 3D-FSE-Cube image in comparison to
the 2D FSE image in which the signal variation across the lesion appears more quantized.

In the unblinded review, a few instances demonstrated how the incorporation 3D T2-
weighted images in breast MRI could affect the diagnostic information from T2-weighted
images. In one case, a small (4 mm) presumed fibroadenoma based on three years of follow-
up demonstrated contrast uptake on DCE images (Figure 5). The lesion is identifiable on
both the respective 2D FSE and 3D-FSE-Cube images, however with notably different
signal level with respect to the surrounding tissue. On 2D FSE, the lesion is hypointense
while on the 3D-FSE-Cube images the lesion is hyperintense. T2-weighted hyperintensity in
an enhancing lesion may be indicative that the lesion is benign, which aligns with the
established designation of this lesion as a fibroadenoma. The reduced signal of the
fibroadenoma in the 2D FSE image is due to the combination of the lesion signal with that
of the surrounding tissue due to the thick slices. This is confirmed by the similar reduction in
lesion signal intensity when two 3D-FSE-Cube slices are averaged (Figure 5d). In this case,
the reduced signal of the small fibroadenoma due to the thick slices of 2D FSE may have
erroneously indicated that the lesion was malignant while 3D-FSE-Cube may have improved
specificity for the lesion.

In a second instance, the increased resolution of 3D-FSE-Cube facilitated the alignment of
findings between the DCE and T2-weighted images. A benign papilloma demonstrated
contrast uptake on DCE images (Figure 6). Benign papillomas can be particularly
confounding in breast MRI as they demonstrate contrast uptake on DCE images that may be
indicative of malignancy. However, there are morphologic and contrast characteristics that
may help to identify a lesion as a papilloma. Papillomas often grow along a duct and have
associated dilation of ducts that may demonstrate high T1 and T2-weighed signal (28,29). In
the case of papillomas then, being able to reformat T2 images in a number of orientations
could prove useful for deciphering the complex appearance of these lesions on MRI. In this
case, there is high T2 signal associated with the lesion on both the corresponding 2D FSE
and 3D-FSE-Cube images in the acquired axial plane. However, the elongated structure of
the lesion is more clearly depicted in the DCE images reformatted into the sagittal plane
(Figure 6d). The corresponding high T2-signal in the dilated duct is evident in the 3D-FSE-
Cube sagittal reformats (Figure 6f) and can be clearly aligned with the morphology in the
DCE reformats. However, because of the low through-plane resolution of 2D FSE, the
respective sagittal images are severely blurred (Figure 6e). With 2D FSE, the clear depiction
of lesion morphology in this papilloma is limited to the plane in which the data was
acquired, but with 3D-FSE-Cube corroboration of morphology in the sagittal DCE image is
possible.

DISCUSSION
Although, T2-weighted imaging is a standard part of clinical breast MRI protocols, the
contribution of T2-weighted images to differential diagnosis may be limited with
conventional T2-weighted sequences. Three-dimensional T2-weighted sequences overcome
these limitations and allow for the acquisition of high-resolution T2-weighted image
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volumes in reasonable scan times. In this work we compared the 3D-FSE-Cube sequence
with 2D FSE in 25 patients undergoing clinically indicated breast MRI. With 3D-FSE-Cube,
the echo train length was increased by a factor of 4 in comparison to 2D FSE and
acceleration with parallel imaging was available in 2 dimensions. As a result in 2/3 the scan
time 3D-FSE-Cube provided a 50% reduction in voxel volume.

Analysis of contrast and depiction of morphology are important for the incorporation of 3D
T2-weighted imaging into breast MRI because of the intricacies of these sequences. The
contrast of 3D T2-weighted sequences like 3D-FSE-Cube reflects the combination of
stimulated and spin echoes and therefore is dependent on the refocusing flip angle schedule.
Similarly, assessment of depiction of lesion morphology is necessary due to the possible
blurring as a result of the extended echo train (14). Our results show that both sequences
demonstrated comparable contrast between lesions and fibroglandular tissue while 3D-FSE-
Cube improved the depiction of lesion morphology in lesions with high T2 signal. The
potential diagnostic contribution of the incorporation of 3D-FSE-Cube into routine breast
MRI was demonstrated in 2 cases through better depiction of contrast in small lesions and
improved alignment between DCE and T2-weighted findings.

One of the limitations of this study was the use of a single ROI to measure signal intensity,
particularly in fibroglandular tissue. The distribution of fibroglandular tissue varies greatly
from person to person while the T2 signal intensity of fibroglandular tissue also varies
within an individual. While lesion ROIs were chosen based on the DCE images and effort
was made to measure fibroglandular tissue signal in homogeneous regions, inevitably the
signal measurements in both lesion and background contained some areas of heterogeneous
signal. The average percent error (STD/Mean) was comparable both for lesion signal
measurements and for fibroglandular tissue signal measurements for the two techniques (2D
FSE fibroglandular tissue, 2D FSE lesion, 3D-FSE-Cube fibroglandular tissue, 3D-FSE-
Cube lesion) demonstrating equivalent signal variability between the ROIs chosen with each
technique.

For this study we chose to measure signal ratio between lesions and fibroglandular tissue
because lesion T2 signal intensity relative to surrounding tissue can be utilized in differential
diagnosis. T2-weighted images at our institution are acquired with fat suppression, however,
another alternative is to acquire T2 images without fat suppression and assess T2 lesion
signal relative to fat (1). We expect that the comparable contrast between 2D FSE and 3D-
FSE-Cube demonstrated for a range of structures in this study would also occur with respect
to fat as the reported T1 and T2 of fat in the breast (30) fall within the range of T1 and T2
values accommodated by 3D-FSE-Cube (14).

Though the sample size (10 lesions) in the blinded review of depiction of lesion morphology
was small, the results are encouraging as 3D-FSE-Cube was chosen to have equivalent or
improved depiction of lesion morphology in comparison to 2D FSE by all observers for all
10 lesions. It is also important to note that the average size of the 10 lesions was 8 mm × 8
mm. Depiction of lesion morphology in small lesions is particularly relevant as it can be
very difficult to characterize lesions of < 5 mm on breast MRI. A frequent occurrence in
breast MRI is small enhancing foci that can be very difficult to characterize (31,32). T2-
weighted information is often not even available for these findings as the thick slices of
conventional T2-weighted acquisitions may completely obscure the enhancing foci, or at the
least make a confident alignment of the findings between DCE and T2-weighted images
challenging. For example, while no enhancing lymph nodes were identified in this study,
they present a type of lesion in which 3D T2-weighted imaging may prove to be especially
useful due to their small size, distinct morphology, high T2-signal, and contrast uptake and
washout erroneously indicative of malignancy. The potential for 3D T2-weighted imaging to
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facilitate differential diagnosis in small enhancing foci is also demonstrated in the small
enhancing fibroadenoma noted in the unblinded review (Figure 5). The high T2 signal
intensity in this 5 mm × 5 mm lesion is more accurately depicted with 3D-FSE-Cube as a
result of the higher through-plane resolution available with the sequence.

In the unblinded review, instances were noted that indicated the potential diagnostic
contribution of 3D T2-weighted imaging in breast MRI. Improved through-plane resolution
resulted in a more accurate depiction of lesion signal intensity in a small lesion surrounded
by fat and the utility of being able to reformat the T2 data in any orientation allowed for
lesion morphology to be analyzed in planes other than the acquisition plane. However, the
fact that only 2 instances were noted for all 25 cases underscores that a much larger number
of cases must be included in future analysis to confirm true diagnostic impact. One
difference in image quality noted by both the blinded and unblinded reviewers was the
consistency of fat suppression. Fat suppression was more consistent both across the breasts
and from patient to patient with 2D FSE in comparison to 3D-FSE-Cube in which signal
drop out was also evident in some cases at fat-water interfaces (Figure 3). Recently
developed versions of 3D-FSE-Cube incorporate other fat suppression methods including
IDEAL (33) and should be explored for future applications of 3D-FSE-Cube in the breast.
While specific absorption rate (SAR) can be problematic for RARE imaging due to the
repeated application of refocusing pulses with large flip angles, the variable refocusing flip
angle schedules utilized in 3D T2-weighted images generally reduce RF power deposition
despite the increased number of echoes acquired. SAR was never a limiting factor for the
acquisition of 3D-FSE-Cube in this study.

In conclusion, we have demonstrated that 3D-FSE-Cube has comparable contrast to 2D FSE
for a range of structures within the breast and that 3D-FSE-Cube improves the depiction of
lesion morphology in lesions with high T2-signal. In addition, the means by which 3D T2-
weighted imaging may contribute to differential diagnosis are demonstrated through
examples of improved depiction of T2 lesion signal as well as improved alignment between
DCE and T2-weighted findings with 3D-FSE-Cube. While a much larger study is needed to
confirm diagnostic impact, these initial results demonstrate that the intricacies of 3D T2-
weighted acquisitions do not undermine the potential for these techniques to expand the
diagnostic information available in breast MRI.
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Figure 1.
Example case from blinded observer study of depiction of lesion morphology with 2D FSE
(a) versus 3D-FSE-Cube (b). All three observers rated the clarity of depiction of lesion
morphology in this cyst/hematoma (arrows) as better with 3D-FSE-Cube (b) versus 2D FSE
(a) based on the increased gradation of signal levels evident within the lesion on 3D-FSE-
Cube.
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Figure 2.
Lesion-to-fibroglandular tissue signal ratio (SL/SF) is highly correlated between 2D FSE and
3D-FSE-Cube (R2 = 0.93). The data point indicated by the arrow was measured in a very
small fibroadenoma (images shown in Figure 5) in which partial voluming may have
diminished the signal level in the lesion on 2D FSE, demonstrating a case in which the
increased resolution available with 3D-FSE-Cube allows for a more accurate depiction of
lesion signal intensity.
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Figure 3.
DCE (100 seconds post injection) (a), 2D FSE (b), and 3D-FSE-Cube (c) images in a patient
with invasive ductal carcinoma (solid arrows) and an enhancing fibroadenoma (dotted
arrows) demonstrate the comparable contrast between 2D FSE and 3D-FSE-Cube in both
enhancing benign and malignant lesions.
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Figure 4.
In the blinded observer study, depiction of lesion morphology with 3D-FSE-Cube was
chosen to be better or equivalent to that of 2D FSE for all cases.
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Figure 5.
A small presumed fibroadenoma (arrows) based on 3 years of follow-up demonstrates
contrast uptake on the DCE (100 seconds post injection) image (a). With 2D FSE (b), the
lesion signal is hypointense, a possible indication of malignancy. With 3D-FSE-Cube (c) the
lesion signal is hyperintense and thus aligns with the expected T2 contrast behavior of a
fibroadenoma. The difference in contrast is the result of the difference in slice thickness of
the two techniques as opposed to an inherent contrast difference between 3D-FSE-Cube and
2D FSE as demonstrated by the same reduction in signal intensity when two 3D-FSE-Cube
slices are averaged together (d).
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Figure 6.
A benign papilloma (arrows) demonstrates contrast uptake on an axial DCE (100 seconds
post injection) image (a). The high signal intensity of the dilated ducts associated with a
papilloma on T2-weighted images is evident on both the corresponding axial 2D FSE (b)
and 3D-FSE-Cube (C) images. The elongated structure of the papilloma along a duct is
depicted on a sagittal reformat of the DCE image (d). Comparable depiction of the dilated
duct in a sagittal reformat is not available with 2D FSE (e) but the higher through-plane
resolution of 3D-FSE-Cube (f) allows for clear depiction of the dilated duct and thus
facilitates alignment of the DCE and corresponding T2 morphology in the sagittal reformats.
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