
Abstract. Aim: To evaluate the image quality and time saving
using simultaneous multi-slice (SMS)-accelerated T2-weighted
turbo spin echo (TSE) sequences compared to standard T2 TSE
sequences in breast magnetic resonance imaging (MRI).
Patients and Methods: Thirty patients were examined with an
SMS-accelerated T2 TSE sequence and a standard T2 TSE
sequence as part of a breast MRI protocol at 1.5T. Image
quality, signal homogeneity and tissue delineation were
evaluated. For quantitative assessment, the signal-to-noise
ratio (SNR) was measured from representative SNR maps.
Results: There were no significant differences regarding tissue
delineation and signal homogeneity. Image quality was rated
equal at the chest wall and the breasts but decreased in the
axilla on SMS-T2 TSE (p=0.01) with a simultaneous decrease
of SNR (p=0.03). This did not significantly impact the overall
image quality (p=0.2). The acquisition time for SMS-T2 TSE
was 48% shorter compared to standard T2 TSE. Conclusion:
SMS-acceleration for T2-weighted imaging of the breast at
1.5T substantially reduces acquisition time while maintaining
comparable quantitative and qualitative image quality. This
may pave the way for protocol abbreviation especially in a
high-throughput clinical workspace. 

Overcoming the limitations of conventional imaging with
breast ultrasound and x-ray mammography, breast magnetic
resonance imaging (MRI) is increasingly used for diagnosis
and further workup of breast lesions (1, 2). Although excellent
diagnostic accuracy of breast MRI was demonstrated in

multiple prospective and multicenter trials (3-6), economic
aspects, such as a long standard acquisition time is still a matter
of scientific dispute and one of the major issues preventing
breast MRI from being a feasible screening tool. 

The basic full-scale protocol of breast MRI includes T2-
weighted (T2w) images, preferably using a Turbo Spin Echo
(TSE) sequence (7) along a full dynamic runoff. Diffusion-
weighted imaging (DWI) with apparent diffusion coefficient
(ADC) mapping has emerged as a reliable adjunct to dynamic
breast MRI and may increase the diagnostic accuracy for breast
masses (8-10). T2w images are considered to be especially
helpful for anatomical and morphological correlation of
detected breast lesions (7, 11). In order to reduce expensive
examination time, the use of abbreviated protocols has been
increasingly investigated (12-15). Several working groups
achieved a comparable diagnostic accuracy reducing the
number of T1-weighted sequences after administration of
contrast media (14, 16).  A further approach to reduce the
examination time is to shorten the acquisition time of each
sequence. Using the simultaneous multi-slice (SMS) technique,
fewer slice excitations are required to achieve the same slice
coverage. The SMS technique uses the spatial sensitivity of
multichannel array coils to separate the simultaneously
acquired slices. Acceleration by SMS can provide substantially
higher signal-to-noise ratio (SNR) per time, which may be used
for shortening the examination time while keeping TR stable
(17-19). However, the SMS reconstruction may also reduce the
SNR of individual images and introduce artifacts.

The aim of the present study was to evaluate the
feasibility of a SMS-accelerated T2 TSE sequence of the
breast and compare it to a standard T2 TSE sequence in
terms of image quality and scan time. 

Patients and Methods

Study population. Approval for this retrospective study was granted
by the ethics committee of the institution. Thirty women who
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underwent breast MRI were selected (median age 55, range 35-72
years) between May and June 2020. All examinations were performed
during clinical routine at our breast care center. Twenty women (67%)
underwent breast MRI for high-risk screening and 10 (33%) for
further workup of findings on conventional imaging. Patients with
breast inlays or mastectomy were not included in the study.

Data acquisition. MR examinations were performed on a 1.5T system
(MAGNETOM Sola, Siemens Healthcare, Erlangen, Germany). A T2
TSE as well as a SMS-T2 TSE sequence were performed in all
patients. The sequence parameters are displayed in Table I. For SNR
quantification, raw data and noise adjustment information from ten
representative breasts were exported from the scanner.

Image quality analysis. The original DICOM data files were
anonymized before the analysis. Three independent radiologists with
15, 14 and 11 years of experience in breast MR reading performed
qualitative assessments of the images using the OsiriX 5.0 DICOM
viewer (OsiriX Foundation, Geneva, Switzerland). Two reading
sessions at least 2 weeks apart were performed in order to avoid
possible bias in the results due to a direct comparison between images
of the same patient. The two sequences of each patient were
alternatively and randomly split between the two reading sessions.
Sequence parameters were hidden. Images of both sequences were
rated for each patient according to the following parameters: image
quality, delineation of breast tissue and signal homogeneity. The image
quality was subdivided into overall image quality and image quality
according to the anatomical localization: breast, chest wall and axilla.
A 5-point Likert scale was applied with the highest value of 5
representing the best image quality, best delineation of breast tissue and
best signal homogeneity, whereas a score of 1 implied the opposite.

SNR analysis. To quantitatively compare the SNR of the two
sequences, SNR maps were created using the pseudo-replica method
(20). For each of the exported raw data sets, 16 pseudo-replicas were
generated by repeating the scanner image reconstruction with 10%
synthetic noise of the same statistics as the natural noise added to the
raw data. The noise statistics were derived from a noise-only prescan
included in the scanner adjustments. Subsequently, SNR maps were
calculated via a prototype inline implementation by pixel-wise division
of mean and standard deviation along the pseudo-replica series. The
standard deviation was calculated in a 5x5 neighborhood of the current
pixel (21) and scaled by 10 to reflect the amount of synthetic noise
added; SNR maps were again scaled by 10 prior to integer conversion
for the DICOM output to reduce digitization noise. 

Finally, SNR was evaluated by segmenting the breast tissue on
SNR maps. Circular regions of interest (ROIs) of 1 cm2 were
manually drawn at similar slice positions for T2 TSE and SMS-T2
TSE and at the same respective anatomical locations. A ROI was
drawn in each quadrant of both breasts and one additional ROI in
the central segment on the level of the nipple. The mean of these
10 measurements was then compared between the sequences. The
previously introduced scale factor of 10 was divided out in the
process. Structures such as blood vessels, cysts or dilated ducts were
avoided for ROI placement.

Statistical evaluation. All statistical tests were performed with SPSS
(SPSS Inc, USA, Version 22) and Microsoft Excel 2013 (Microsoft,
Redmond, WA, USA). If not otherwise noted, continuous variables
are represented by mean±standard deviation. To test for normality

of the data, a Shapiro-Wilk W test was performed. If data was not
normally distributed, the Wilcoxon rank sum test was utilized for
statistical comparisons. If the data was normally distributed, a
paired Student’s t-test was used. The qualitative parameters to assess
subjective image quality are provided as median and interquartile
ranges from first to third quartile. To compare these discontinuous
parameters, a two-sided paired Wilcoxon rank sum test was applied.
A two-tailed p-value of <0.05 was chosen as a cut-off for statistical
significance. To quantify the inter-reader agreeability, Fleiss’ kappa
was calculated for each parameter and both sequences. Agreeability
was defined in the following categories: <0.4=poor agreement, 0.41-
0.75=good agreement, >0.75=excellent agreement.

Results
Qualitative analysis. Delineation of breast tissue [T2 TSE 5
(5-5) vs. SMS-T2 TSE 5 (5-5), p>0.05] and signal
homogeneity [T2 TSE 5 (5-5) vs. SMS-T2 TSE 5 (4-5),
p>0.05] were rated equal for both sequences. SMS-T2 TSE
received significantly lower scores for image quality at the
axilla [T2 TSE 5 (5-5) vs. SMS-T2 TSE 5 (4-5), p=0.01],
but not at the chest wall [T2 TSE 5 (5-5) vs. SMS-T2 TSE 5
(5-5), p>0.05] and in the breast itself [T2 TSE 5 (5-5) vs.
SMS-T2 TSE 5 (5-5), p>0.05]. This did not significantly
impact the overall image quality [T2 TSE 5 (5-5) vs. SMS-
T2 TSE 5 (5-5), p>0.05]. Inter-reader agreement was good
or excellent (kappa range 0.56-1.0) with a median kappa of
0.86 reflecting excellent agreement between the three
readers. The detailed parameters of the qualitative analysis
are displayed in Table II. Representative images showing the
image quality are provided in Figure 1. The mean acquisition
time for SMS-T2 TSE was significantly lower than the
acquisition time of T2 TSE (113±8 s vs. 234±10 s, p<0.01).

Quantitative analysis. SNR maps were successfully created,
and ROI placements were performed in both breasts and
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Table I. Sequence parameters of T2 TSE and SMS-T2 TSE.

Sequence parameters                                        T2 TSE       SMS-T2 TSE

Echo time (ms)                                                     130                   130
Repetition time (ms)                                           6,100                6,300
FoV read (mm)                                                     512                   512
FoV Phase                                                          100%               100%
In plane resolution (mm2)                              0.66±0.66        0.66±0.66
Slice thickness (mm)                                              3                       3
No. slices                                                               50                     52
Bandwidth per pixel (Hz)                                    181                   181
In-plane acceleration factor (GRAPPA)                2                       2
SMS acceleration factor                                         -                       2
Concatenations                                                       2                       1
Acquisition time Mean±SD (s)                        232±10              113±8

FoV: Field of view; SD: standard deviation; GRAPPA: generalized
autocalibrating partial parallel acquisition.



axillary region for quantitative SNR measurements. SNR mean
values and standard deviation of the breast were comparable
between both sequences with a tendency towards a higher SNR
for T2 TSE (mean SNR 4.8±1.2) compared to SMS-T2 TSE
(mean SNR 4.7±1.2); no statistical significance was reached
(p>0.05, Table III). The relative within-sequence heterogeneity
represented by the coefficient of variation (CV) of the SNR did
not significantly differ in the breast itself (T2 TSE 25% vs.
SMS-T2 TSE 25%, p>0.05). At the axillary level, a significant
loss of SNR was registered for both sequences with a mean
SNR of T2 TSE of 2.0±0.2 (p<0.001) and a mean SNR of
SMS-T2 TSE of 1.4±0.3 (p<0.001). In the axillary region,
SNR values of SMS-T2 TSE were significantly lower
compared to T2 TSE (p=0.03) with comparable CV (T2 TSE
17% vs. SMS-T2 TSE 19%, p>0.05). Figure 2 illustrates SNR
maps of a representative patient.

Discussion

Compared to conventional mammography and breast
ultrasound, MRI of the breast has the highest sensitivity for
breast cancer detection among current clinical imaging
modalities and is an indispensable imaging method for breast
imaging. In the last decades, breast MRI has emerged from
a primarily contrast-enhanced to a multiparametric
technique, in which T2w and DWI sequences are routinely
performed within the full-scale protocol (7, 9, 11, 22, 23).
T2w imaging allows for a better characterization of lesion
morphology and increases the specificity for benign and
malignant breast lesions (24, 25). It also allows the depiction
of perifocal or prepectoral edema within the breast, which
improves lesion classification and is correlated with a poorer
prognosis in patients with known breast cancer (26, 27).

Recently, varying indications for breast MRI have been
examined. Multiple studies have confirmed its benefit in
intermediate risk and high-risk patients for the detection of
recurrent breast cancer or the preoperative staging (28).
Recent studies strongly indicate that women at average risk

(lifetime risk up to 15%) may also benefit from breast MRI
screening (29). Despite those encouraging results, breast
MRI screening is not yet implemented for women at average
risk. The main factors that preclude the widespread use of
this are the limited availability of MRI units compared to
conventional imaging methods and its high costs. The costs
are caused by the initial purchase price of the MRI
equipment and the relatively long acquisition, limiting high-
volume patient throughput. Abbreviated MRI protocols have
the potential to shorten image acquisition and interpretation
time, which reduces costs and may increase availability. 

Kuhl et al. (14) were the first to report on abbreviated
protocols for breast cancer screening using reduced numbers
of T1w sequences. They found an equivalent diagnostic
accuracy for an abbreviated protocol in 606 MRM studies.
A recent review of 21 studies on abbreviated breast MRI in
more than 4500 women confirmed a similar diagnostic
accuracy compared to full scan protocols (30). Nearly all
studies in this review achieved scan time reduction by
reducing the number of acquired sequences. 

A different approach to achieve scan time reduction is to
shorten the acquisition time of single sequences. The SMS
technique was first introduced in neuroimaging (31). It
substantially reduces imaging time by acquiring several
images during each repetition time by using multiband
composite radiofrequency pulses causing a simultaneous
excitation of multiple image planes (32, 33). The technique
was also tested for DWI sequences of the abdomen (20, 34-
36) and breast (37-40) achieving similar results of decreased
imaging acquisition time while maintaining image quality.
Focusing on the breast, it has to be mentioned that Filli et al.
(38) only included 8 healthy women for their feasibility study,
whereas Ohlmeyer et al. (37), Sanderik et al. (39) and Hu et
al. (40) also reported on the diagnostic accuracy for the
evaluation of breast lesions including overall 166 malignant
breast lesions. All studies were performed at 3T and found
comparable diagnostic accuracy with no significant loss of
image quality using SMS technique for DWI. 
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Table II. Qualitative parameters of T2 TSE and SMS-T2 TSE on a 5-point-Likert scale. Kappa and p statistical values only refer to the median.

                                                                                      T2 TSE                                                                                    SMS-T2 TSE

Imaging parameter                    Median (IQR)          Mean±SD           kappa           Median (IQR)             Mean±SD                 kappa               p-Value

Delineation breast tissue                5 (5-5)                     5±0                   1.0                    5 (5-5)                   4.95±0.22                  0.88                   1
Signal homogeneity                        5 (5-5)                     5±0                   1.0                    5 (5-5)                         5±0                        1.0                    1
Overall image quality                     5 (5-5)                     5±0                   1.0                    5 (5-5)                   4.85±0.37                  0.85                   0.2
Image quality breast                       5 (5-5)                     5±0                   1.0                    5 (5-5)                         5±0                        1.0                    1
Image quality chest wall                 5 (5-5)                     5±0                   1.0                    5 (5-5)                   4.95±0.22                  0.88                   1
Image quality axilla                        5 (5-5)                     5±0                   1.0                    5 (4-5)                   4.65±0.49                  0.56                   0.01

IQR: Interquartile range; SD: standard deviation; n/a: not applicable.



In our study the SMS technique was applied and
compared to T2-weighted images of the breast for the first
time. We have especially chosen an MRI scanner with 1.5T
field strength, as this represented the vast majority of
available MRI scanners outside a university setting. The
most important finding was a substantial reduction of
acquisition time, i.e., 48% time saving using SMS technique

while preserving comparable overall image quality. Further,
a comparable delineation of the breast tissue with no loss of
signal homogeneity was found in all patients. The only
differences in the image quality according to the anatomical
region were registered as following: there was slightly
increased image noise with a loss of image sharpness in the
axillary region (p=0.01), whereas no significant differences
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Figure 1. Slices of T2 TSE (A, B) and SMS-T2 TSE (C, D) in a high-risk woman. Overall image quality, delineation of breast tissue and signal
homogeneity were rated as equal (A, B). Image quality at the axillary region was decreased using SMS-T2 TSE, but anatomical structures like
lymph nodes were still detectable (B, D, arrow). 



were recorded in the breast and at the chest wall (p>0.05).
This was also evident by quantitative measures of SNR maps
showing a moderate loss of SNR in the axilla (p=0.03).
However, anatomical axillary structures, especially lymph
nodes, were still well detectable in size, configuration and
morphology (Figure 1B, D). Thus, we do not expect a
clinically relevant loss of diagnostic information in the
axilla. If necessary, care may be taken in patients with breast
tissue extending to the axillary region or patients after total
mastectomy, since the diagnostic field of interest may extend
into regions with slightly pronounced image noise. Since this
information is usually available from conventional imaging
with ultrasound or mammography prior to MRI, these
patients may rather benefit from a full MRI protocol without
acceleration. 

There are limitations in this study. First, the study
population was rather small; however, considering the very
good agreement of inter- and intrasubject measurements, we
regard the population size as sufficient for this feasibility
study. Further, no specific cohort with breast lesions was
examined. This also means that no conclusion can be drawn
as to whether SMS-T2 TSE facilitates an improved
diagnostic assessment and also improves detection of small
breast lesions. However, since we were able to show that
SMS technique is a feasible acceleration tool for T2w breast

imaging, especially keeping comparable tissue delineation
and image quality, we do not expect any loss of diagnostic
confidence when used for breast lesions. This will be the
subject of further studies. 

In conclusion, the current study demonstrates comparable
image quality and reduced acquisition times for breast
imaging with SMS-T2 TSE compared to standard T2 TSE.
Since screening indications are growing, this may be
beneficial to establish abbreviated breast MRI protocols and
help manage the associated costs for breast cancer screening. 
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