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Objective: To assess the feasibility of simultaneous multislice-accelerated diffusion-weighted imaging (SMS-DWI) of the
rectum in comparison with conventional DWI (C-DWI) in rectal cancer patients.

Materials and Methods: This study included 65 patients with initially-diagnosed rectal cancer. All patients underwent C-DWI
and SMS-DWI with acceleration factors of 2 and 3 (SMS2-DWI and SMS3-DWI, respectively) using a 3T scanner. Acquisition
times of the three DWI sequences were measured. Image quality in the three DWI sequences was reviewed by two independent
radiologists using a 4-point Likert scale and subsequently compared using the Friedman test. Apparent diffusion coefficient
(ADC) values for rectal cancer and the normal rectal wall were compared among the three sequences using repeated measures
analysis of variance.

Results: Acquisition times using C-DWI, SMS2-DWI, and SMS3-DWI were 173 seconds, 107 seconds, (38.2% shorter than C-DWI),
and 77 seconds (55.5% shorter than C-DWI), respectively. For all image quality parameters other than distortion (margin
sharpness, artifact, lesion conspicuity, and overall image quality), C-DWI and SMS2-DWI yielded better results than did SMS3-
DWI (Ps < 0.001), with no significant differences observed between C-DWI and SMS2-DWI (Ps > 0.054). ADC values of rectal
cancer (p = 0.943) and normal rectal wall (p = 0.360) were not significantly different among C-DWI, SMS2-DWI, and SMS3-DWI.
Conclusion: SMS-DWI using an acceleration factor of 2 is feasible for rectal MRI resulting in substantial reductions in

acquisition time while maintaining diagnostic image quality and similar ADC values to those of C-DWI.
Keywords: Diffusion-weighted imaging; Rectum; Rectal cancer; Simultaneous multislice

INTRODUCTION

Colorectal cancer is a common malignancy, and rectal
cancer accounts for approximately one-third of colorectal
cancer cases (1). In rectal cancer patients, magnetic
resonance imaging (MRI) is the primary imaging modality,
principally due to its exceptionally excellent soft tissue
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contrast in T2-weighted imaging (2, 3). In addition to T2-
weighted imaging, diffusion-weighted imaging (DWI), a
functional MRI technique, helps not only in detecting and
characterizing lesions, but also in predicting the therapeutic
response in rectal cancer (4-8). Furthermore, because DWI
does not require intravenous contrast administration, it is
generally implemented as part of a routine MRI protocol in
evaluation of rectal cancer (9).

However, the use of DWI is limited by its relatively long
scan time, which can cause motion artifacts due to bowel
peristalsis, and patient discomfort. Techniques aimed at
decreasing DWI scan time have thus emerged as a topic
of great interest. Recently, the simultaneous multislice
(SMS) technique was reported as a novel means of making
DWI faster (10-12). This technique involves simultaneous
excitation and acquisition of multiple slices, enabling
a reduction in scan time based on a greater number
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of simultaneously excited slices as determined by the
acceleration factor. Linear combinations of signals from
each of the slices, weighted by the spatial coil sensitivity
profiles, are then received by a radiofrequency coil channel,
and matrix inversion is used to reconstruct the signal for
each individual slice. In this technique, the number of
slices acquired over the same pulse repetition time can be
increased by setting a higher acceleration factor without
the need for an increase in the gradient demand (10-12).

Several recent studies have reported the successful
application of the SMS technique in DWI and diffusion
tensor imaging of the brain, skeletal and cardiac muscles,
liver, pancreas, kidney, pelvic lymph nodes, and prostate
(13-19). However, the SMS technique has not yet been
applied in DWI of the rectum. Unlike other organs, the
image quality of rectal DWI can be affected by motion
artifacts, distortion, and susceptibility artifacts by the
rectum and adjacent bowel loops. Although the use
of spasmolytics is useful in reducing bowel movement
artifacts in rectal MRI, patients with contraindications to
spasmolytics such as scopolamine butylbromide, including
those with narrow angle glaucoma or obstructive prostate
hypertrophy, have limited use of spasmolytics (20). In
these patients, a short scan time is particularly important
to avoid image degradation during DWI. In addition, lesion
detection capabilities and apparent diffusion coefficient
(ADC) values should be validated for rectal cancer so that
the SMS technique can be incorporated into routine clinical
applications.

Therefore, we aimed to investigate the feasibility of
DWI of the rectum by using the SMS technique (SMS-
accelerated DWI, SMS-DWI) in patients with rectal cancer
and to compare the image quality of SMS-DWI sequences
with different acceleration factors to the conventional DWI
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(C-DWI) sequence.

MATERIALS AND METHODS

Patients

This study was approved by our Institutional Review
Board, and the requirement for written informed consent
was waived due to the retrospective study design. We
analyzed DWI data acquired during clinical adaption of our
institutional rectal MRI protocol using a 3T scanner. Patients
who had undergone rectal MRI with this machine between
February 2018 and July 2018 were consecutively recruited.
Among the 202 patients who had undergone rectal MRI,
137 were excluded on the basis of the following criteria:
1) no pathologically confirmed rectal adenocarcinoma (n =
36), 2) rectal MRI after preoperative chemoradiotherapy for
rectal cancer (n = 82), and 3) postoperative rectal MRI (n =
19). Finally, 65 patients (male, 34; female, 31; mean age *
standard deviation, 63.1 + 12.0 years) who had undergone
rectal MRI due to initially diagnosed rectal cancer were
included in this study (Fig. 1). Histological differentiation
of rectal cancer was as follows: well-differentiated
adenocarcinoma in seven patients (10.7%), moderately
differentiated adenocarcinoma in 56 patients (86.2%),
and poorly differentiated adenocarcinoma in two patients
(3.1%).

MRI Acquisition

Rectal MRI was performed using a 3T scanner (MAGNETOM
Prisma™, Siemens Healthineers, Erlangen, Germany) with
a 30-channel anterior surface body coil and a 32-channel
spine coil (which actually used 24 and 12 channels,
respectively, for axial slice coverage). Approximately 5

minutes before MRI scanning, 20 mg of scopolamine

Adult patients who underwent rectal MRI between
February 2018 and July 2018 (n = 202)

2)
3)

137 patients were excluded:

1) No rectal adenocarcinoma on pathology (n = 36)
MRI after preoperative chemoradiotherapy (n = 82)
Follow-up MRI after rectal surgery (n = 19)

\ 4

65 patients with initially diagnosed rectal cancer
and preoperative rectal MRI

Fig. 1. Flow diagram of study population.
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butylbromide was injected intramuscularly to reduce bowel
peristalsis, unless it was contraindicated. If the lesion was
assumed to be in the middle or lower rectum, endorectal
filling with approximately 50-100 mL of sonographic
transmission gel was performed; thus, the gel was used

in all except seven patients (five patients with upper
rectal tumors, one patient with a previous history of anal
fistulectomy, and one patient who refused the procedure).
T2-weighted images were obtained in the axial, sagittal,
oblique axial, and coronal orientations using a respiratory-
triggered echo train spin echo sequence. In all patients,
three echo-planar imaging-based DWI sequences were
acquired in the following order: C-DWI and SMS-DWI

with acceleration factors of 2 (SMS2-DWI) and 3 (SMS3-
DWTI). ALl DWI sequences were acquired via a monopolar
diffusion sensitizing gradient applied in three orthogonal
directions with b-values of 0, 300, and 1000 s/mm?. For
DWI sequences, spectral attenuated inversion recovery

fat saturation was applied along with standard automatic
shimming. The detailed acquisition parameters are
summarized in Table 1.

Qualitative Image Analysis

Two board-certified abdominal radiologists with 6 years
and 17 years of experience in rectal MRI, respectively,
independently reviewed the DWI images. They were aware
that all patients had undergone rectal MRI due to initially
diagnosed rectal cancer. Prior to the image review, another

Table 1. Scan Parameters for DWI Sequences
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radiologist (one junior radiology resident) anonymized

the three sets of DWI data (C-DWI, SMS2-DWI, and SMS3-
DWI) to conceal information on patient demographics,
identification numbers, and specific DWI sequences. Then,
he randomly assigned a number to each DWI set. Three
image sets and T2-weighted images were simultaneously
provided to both radiologists who were completely blinded
to the DWI sequences and other clinical information such as
the location of rectal cancer.

Before evaluation of DWI sequences, the tumor was
identified using T2-weighted images. Subjective parameters
of image quality (i.e., margin sharpness, distortion, artifacts,
lesion conspicuity, and overall image quality) were evaluated
based on a 4-point Likert scale, with higher scores indicating
better image quality. Margin sharpness, distortion, artifacts,
and lesion conspicuity were assessed in DWI images (b =
1000 s/mm?), whereas overall image quality was evaluated
in both DWI images (b = 1000 s/mm?) and ADC maps.

For margin sharpness, the following scores indicated the
respective sharpness levels of normal anatomic structures:

1, not sharp; 2, slightly sharp; 3, moderately sharp; and 4,
very sharp. For distortion, the following scores indicated the
respective distortion levels: 1, presence of severe distortion;
2, moderate distortion; 3, mild distortion; and 4, no
distortion. For ghosting, motion, and susceptibility artifacts,
a score of 1 was assigned if there were severe artifacts
causing diagnostic difficulty, 2 for moderate artifacts, 3 for
mild artifacts, and 4 for no artifacts. Lesion conspicuity

Scan Parameters C-DWI SMS2-DWI SMS3-DWI
Repetition time, ms 6700 3700 2500
Echo time, ms 63 72 74
Slice thickness, mm 5 5 5
Number of slices 40 40 40
Bandwidth, Hz/px 1860 1860 1860
Echo spacing, ms 0.6 0.6 0.6
Voxel size, mm?® 1.7x1.7x5 1.7x1.7x5 1.7x1.7x5
iPAT GRAPPA 2 GRAPPA 2 GRAPPA 2
SMS AF - 2 3
Fat saturation SPAIR SPAIR SPAIR
Diffusion mode 4-scan trace 4-scan trace 4-scan trace
Concatenations 1 1 1
b-values, s/mm’ (averages) 0 (2), 300 (2), 1000 (3) 0 (2), 300 (2), 1000 (3) 0 (2), 300 (2), 1000 (3)
Scan time, sec 173 107 77

C-DWI = conventional DWI, DWI = diffusion-weighted imaging, GRAPPA = generalized autocalibrating partially parallel acquisition, iPAT =
integrated parallel acquisition technique, SMS = simultaneous multislice, SMS AF = SMS acceleration factor, SMS2-DWI = SMS accelerated
DWI with acceleration factor of 2, SMS3-DWI = SMS accelerated DWI with acceleration factor of 3, SPAIR = spectral attenuated inversion

recovery
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was assessed as 1 if the rectal cancer lesion was difficult

to detect, 2 if it was minimally recognizable, 3 if it was
moderately conspicuous, and 4 if it was very conspicuous.
Overall image quality was graded as follows: 1, poor; 2, fair;
3, good; and 4, excellent.

Quantitative Image Analysis

All digital imaging and communication in medicine
data from DWI were transferred to a commercial three-
dimensional software program (Aquarius iNtuition
version 4.4.12, TeraRecon Inc., Foster City, CA, USA). For
quantitative analysis, the junior radiology resident and a
board-certified abdominal radiologist performed region of
interest (ROI) measurements in consensus. Two ROIs were
drawn on consecutive ADC images to include the largest
areas of rectal cancer and normal rectal wall, respectively.
Averages of the two ROI measurements were then used for
statistical analysis. ROIs were placed at the same respective
locations on ADC maps as in C-DWI, SMS2-DWI, and SMS3-
DWTI using the software’s ROI copy-and-paste function.
Mean areas of the ROIs were 65.3 + 128.3 mm? for rectal
cancer and 13.1 + 8.2 mm? for the normal rectal wall.

Statistical Analysis

Image quality scores and ADC values were expressed as
means and standard deviations. The averages of the values
obtained by the two readers were used for the following
statistical analyses, and the original data were used to
calculate interobserver agreement. Normal distribution of
the data was tested using the Kolmogorov-Smirnov test.
Qualitative image parameters were compared among the
three DWI sequences (C-DWI, SMS2-DWI, and SMS3-DWI)
using the Friedman test. In cases where the Friedman test
showed statistical significance, the Dunn-Bonferroni post-
hoc test was performed to analyze all pairwise comparisons.
Interobserver agreement of image quality was analyzed
using weighted « statistics as follows: k values < 0.20, poor
agreement; 0.21-0.40, fair; 0.41-0.60, moderate; 0.61-
0.80, good; and 0.81-1.00, excellent. ADC values among the
C-DWI, SMS2-DWI, and SMS3-DWI sequences were compared
using one-way repeated measures analysis of variance. In
addition, ADC values for rectal cancer and the normal rectal
wall for each DWI sequence were compared using paired t
test. For qualitative and quantitative analyses, subgroup
analyses were performed according to the location of the
rectal cancer (upper, middle, lower) and usage of endorectal
gel. Statistical analyses were performed using the SPSS
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v23.0 software (IBM Corp., Armonk, NY, USA) and MedCalc

Statistical Software version 18.2.1 (MedCalc Software bvba,
Mariakerke, Belgium). P < 0.05 was considered statistically
significant.

RESULTS

SMS2-DWI and SMS3-DWI of the rectum were successfully
performed in all patients. Tumors were located in the upper
(n =13), middle (n = 33), and lower (n = 19) rectum.
Acquisition times were 173 seconds, 107 seconds, and 77
seconds for C-DWI, SMS2-DWI, and SMS3-DWI, respectively.
The acquisition times of SMS2-DWI (107 seconds) and SMS3-
DWTI (77 seconds) were 38.2% and 55.5% shorter than that
of C-DWI (173 seconds). Representative DWI and ADC maps of
C-DWI, SMS2-DWI, and SMS3-DWI are shown in Figures 2 and 3.

Qualitative Analysis

A detailed summary of image quality scores for the three
DWI sequences in all patients is provided in Table 2. The
degree of image distortion was not significantly different
among C-DWI (2.76 + 0.51), SMS2-DWI (2.78 + 0.48), and
SMS3-DWI (2.78 + 0.48; p = 0.526). In contrast, margin
sharpness, artifacts, lesion conspicuity, and overall image
quality were significantly different among the three DWI
sequences (Ps < 0.001). For all image quality ratings except
distortion, C-DWI and SMS2-DWI exhibited better image
quality than SMS3-DWI (p < 0.001), with no significant
differences observed between C-DWI and SMS2-DWI (p >
0.054). The mean score of overall image quality of SMS2-
DWI (b = 1000 s/mm?) was slightly higher (3.65 + 0.36)
than that of C-DWI (3.50 + 0.44), without a significant
difference (p = 0.054).

Subgroup analysis according to tumor location showed
similar trends for margin sharpness, distortion, and artifacts
(Table 3) in comparison with the analysis in all patients.
However, for lesion conspicuity, there was no significant
difference between C-DWI and SMS3-DWI in middle and
lower rectal cancer (p = 0.348 and p = 0.057, respectively).
For overall image quality, there was no significant difference
between C-DWI and SMS3-DWTI in middle rectal cancer on
b1000 images (p = 0.051) and upper rectal cancer on ADC
maps (p = 0.051). In patients who received gel distension
(n =58), subgroup analysis of image quality scores showed
similar results as those obtained for all cases (Table 3).

In those without gel distension, the differences between
SMS2-DWI and SMS3-DWTI and between C-DWI and SMS3-
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Fig. 2. C-DWI and SMS2-DWI and SMS3-DWI in 41-year-old female with rectal cancer. Image set consists of b0, b300, b1000, and

ADC map. Image quality and lesion conspicuity for rectal cancer (arrows) in SMS2-DWI (overall image quality score: 4 by both readers) are not
significantly different from those in C-DWI (score: 4 by both readers). However, SMS3-DWI (score: 3 in both readers) shows significant aliasing
artifacts (arrowheads) and worse image quality in comparison with C-DWI and SMS2-DWI. b0, b = 0 s/mm? b300, b = 300 s/mm?; b1000, b =
1000 s/mm?. ADC = apparent diffusion coefficient, C-DWI = conventional DWI, DWI = diffusion-weighted imaging, SMS = simultaneous multislice,
SMS2-DWI = SMS accelerated DWI with acceleration factor of 2, SMS3-DWI = SMS accelerated DWI with acceleration factor of 3

DWI were not significant for sharpness, artifacts, lesion
conspicuity, and overall image quality.

Interobserver agreement for image quality assessment was
good, with a k value of 0.71 (95% confidence interval [CI],
0.54-0.88) for C-DWI, 0.73 (95% CI, 0.52-0.94) for SMS2-
DWI, and 0.65 (95% (I, 0.34-0.97) for SMS3-DWI.

Quantitative Analysis

The ADC values measured in rectal cancer and the
normal rectal wall in C-DWI, SMS2-DWI, and SMS3-DWTI are
summarized in Table 4. ADC values were not significantly
different among the three DWI sequences for rectal cancer
(p = 0.943) and normal rectal wall (p = 0.360). Subgroup
analysis according to the location of rectal cancer and gel
usage showed similar results. The results from Bland-Altman
plots are demonstrated in Figure 4. In all three sequences,
mean ADC values were significantly lower in rectal cancer in

kjronline.org https://doi.org/10.3348/kjr.2019.0406

comparison with those for the normal rectal wall (p < 0.001
for all three sequences).

DISCUSSION

Our study demonstrated that SMS-DWI of the rectum
was feasible in patients with rectal cancer. Furthermore,
there was a considerable reduction in acquisition time
with the SMS technique. With SMS2-DWI, acquisition time
was reduced by approximately 40% of that of C-DWI while
preserving overall image quality and lesion conspicuity.
With SMS3-DWI, although acquisition time was reduced
by approximately 60% of that of C-DWI, image quality
deteriorated significantly. In addition, quantitatively
measured ADC values of rectal cancer and normal rectal wall
were not significantly different among C-DWI, SMS2-DWI,
and SMS3-DWI. Overall, our study revealed that SMS2-DWI
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of the rectum is an acceptable method for DWI acquisition quality ratings except for distortion. Indeed, MR images
that is faster than C-DWI and shows no significant obtained with SMS3-DWI showed profound ghosting
compromise in image quality. artifacts, resulting in decreased image quality for both high
Our study also found that acceleration factors > 3 in b-value DWI (b = 1000 s/mm?) and ADC maps. The lesion
SMS-DWTI of the rectum significantly decreased all image conspicuity for rectal cancer was worse in SMS3-DWI than in
C-DWI SMS2-DWI SMS3-DWI

b300

b1000

ADC

Fig. 3. C-DWI and SMS2-DWI and SMS3-DWI in 66-year-old female with rectal cancer. Image set consists of b0, b300, b1000, and ADC
map. Image quality and lesion conspicuity for rectal cancer (arrows) in SMS2-DWI are not significantly different from those in C-DWI. However,
SMS3-DWI shows decreased lesion conspicuity (arrow) and significant aliasing artifacts (arrowheads) in comparison with C-DWI and SMS2-DWI.
Overall image quality scores were 3, 4, and 2 for C-DWI, SMS2-DWI, and SMS3-DWI by both readers. b0, b = 0 s/mm?; b300, b = 300 s/mm?;
b1000, b = 1000 s/mm?.

Table 2. Image Quality Scores

’ P: P': Pt:
Parameters C-DWI SMS2-DWI SMS3-DWI P Cvs. SMS2  SMS2 vs. SMS3  Cvs. SMS3

Sharpness 3.54 + 0.47 3.58 + 0.40 3.02 + 0.50 < 0.001 >0.999 < 0.001 < 0.001
Distortion 2.76 + 0.51 2.78 + 0.48 2.78 + 0.48 0.526
Artifact 3.48 + 0.40 3.42 £ 0.37 2.84 + 0.38 < 0.001 0.441 <0.001 <0.001
Lesion conspicuity 3.67 £ 0.52 3.67 £ 0.54 3.42 £ 0.36 <0.001  >0.999 < 0.001 < 0.001
Overall image quality

b1000 3.50 + 0.44 3.65 + 0.36 3.06 + 0.46 < 0.001 0.054 < 0.001 < 0.001

ADC 3.49 + 0.45 3.50 + 0.39 3.13 £ 0.40 < 0.001 >0.999 <0.001 <0.001

Means and standard deviations of image quality obtained by two radiologists are summarized. Sharpness, artifact, and lesion conspicuity
were evaluated in DWI (b1000). *p values were obtained from overall comparison among C-DWI, SMS2-DWI, and SMS3-DWI, fDunn-
Bonferroni post-hoc test was performed in case of significant differences in overall Friedman test. b1000, b = 1000 s/mm?. ADC = apparent
diffusion coefficient
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Table 3. Subgroup Analysis of Image Quality Scores according to Tumor Location and Usage of Endorectal Gel
Pt P': Pt
Cvs. SMS2 ~ SMS2 vs. SMS3  C vs. SMS3

Parameters C-DWI SMS2-DWI SMS3-DWI P*

Sharpness (n = 65)
Tumor location

Upper (n = 13) 3.62 +0.30 3.46 + 0.32 3.04 + 0.48 0.002 0.306 0.054 0.021
Middle (n = 33) 3.55 £ 0.52 3.65 + 0.40 3.09 + 0.52 < 0.001 0.990 < 0.001 0.003
Lower (n = 19) 3.50 + 0.47 3.53 £ 0.42 2.89 + 0.49 < 0.001 >0.999 < 0.001 0.003
Gel distension
Gel (n = 58) 3.55 + 0.48 3.59 + 0.39 3.03 £ 0.50 < 0.001 >0.999 < 0.001 < 0.001
No gel (n =7) 3.50 + 0.47 3.50 + 0.50 3.00 + 0.58 0.040 > 0.999 0.114 0.198
Distortion
Tumor location
Upper 2.96 £ 0.52 2.96 + 0.52 3.00 + 0.46 0.717 - - -
Middle 2.73 £ 0.47 2.76 + 0.45 2.74 £ 0.45 0.549 - - -
Lower 2.66 + 0.55 2.68 + 0.51 2.68 + 0.51 0.846 - - -
Gel distension
Gel 2.77 + 0.45 2.78 + 0.42 2.78 + 0.41 0.735 - - -
No gel 2.64 +0.90 2.71 +£0.91 2.71+£0.91 0.368 - - -
Artifact
Tumor location
Upper 3.58 + 0.34 3.54 +0.38 3.00 £ 0.35 0.001 >0.999 0.018 0.033
Middle 3.41 £ 0.42 3.35+0.34 2.80 + 0.35 < 0.001 0.753 < 0.001 < 0.001
Lower 3.53+0.39 3.47 +0.39 2.79 + 0.42 < 0.001 > 0.999 <0.001 < 0.001
Gel distension
Gel 3.47 £ 0.41 3.41+£0.38 2.82 £ 0.36 < 0.001 0.411 < 0.001 < 0.001
No gel 3.50 + 0.29 3.50 + 0.29 3.00 + 0.50 0.008 > 0.999 0.060 0.114

Lesion conspicuity
Tumor location

Upper 3.81+0.33 3.81+0.33 3.35+0.43 < 0.001 >0.999 0.006 0.006
Middle 3.81+£0.33 3.62 + 0.57 3.48 + 0.63 0.032 > 0.999 0.039 0.348
Lower 3.63 + 0.60 3.66 + 0.60 3.37 +0.68 0.003 >0.999 0.024 0.057
Gel distension
Gel 3.67 + 0.51 3.69 + 0.52 3.47 + 0.60 < 0.001 >0.999 < 0.001 0.003
No gel 3.57 + 0.61 3.50 + 0.71 3.07 £ 0.61 0.015 0.951 0.177 0.306
Overall image quality
b1000
Tumor location
Upper 3.62 + 0.36 3.65 + 0.38 2.96 + 0.43 < 0.001 >0.999 0.009 0.021
Middle 3.41 £ 0.49 3.64 £ 0.36 3.14 £ 0.46 < 0.001 0.087 < 0.001 0.051
Lower 3.58 + 0.38 3.66 + 0.37 3.00 + 0.47 < 0.001 0.150 < 0.001 0.003
Gel distension
Gel 3.53 £ 0.44 3.66 + 0.36 3.08 £ 0.45 < 0.001 0.111 < 0.001 < 0.001
No gel 3.29 £ 0.39 3.50 + 0.41 2.93 £ 0.53 0.031 0.771 0.069 0.471
ADC
Tumor location
Upper 3.54 + 0.38 3.58 + 0.40 3.08 £ 0.53 0.003 > 0.999 0.015 0.051
Middle 3.44 + 0.53 3.48 £ 0.38 3.15+0.38 < 0.001 >0.999 0.003 0.018
Lower 3.53+£0.35 3.47 £ 0.39 3.13 £ 0.33 0.001 >0.999 0.006 0.006
Gel distension
Gel 3.50 + 0.46 3.49 + 0.38 3.14 £ 0.37 < 0.001 >0.999 < 0.001 < 0.001
No gel 3.36 £ 0.38 3.57 £ 0.45 3.07 £ 0.61 0.104

Mean values and standard deviation of image quality obtained by two radiologists are summarized. Sharpness, artifact, lesion conspicuity
were evaluated on DWI (h1000). *p values are obtained from overall comparison among C-DWI, SMS2-DWI, and SMS3-DWI, 'Dunn-Bonferroni
post-hoc test was performed in case of significant difference in overall Friedman test. b1000, b = 1000 s/mm?.
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Table 4. ADC Values
C-DWI SMS2-DWI SMS3-DWI P
Rectal cancer (n = 65) 0.84 +0.12 0.84 +0.13 0.84 +0.12 0.943
Tumor location
Upper (n = 13) 0.88 + 0.89 0.88 + 0.12 0.88 + 0.84 0.735
Middle (n = 33) 0.83 £ 0.11 0.82 + 0.12 0.83 +0.12 0.148
Lower (n = 19) 0.84 +0.14 0.85 +0.15 0.84 +0.14 0.142
Gel distension
Gel (n = 58) 0.83 +0.16 0.83 +0.16 0.83 +0.16 0.780
No gel (n =7) 0.89 + 0.93 0.83 + 0.97 0.87 +0.73 0.102
Normal rectal wall 1.54 +0.15 1.55 + 0.15 1.55 + 0.15 0.360
Tumor location
Upper 1.49 + 0.14 1.50 + 0.12 1.50 + 0.13 0.794
Middle 1.57 £ 0.15 1.58 + 0.13 1.57 £ 0.15 0.743
Lower 1.52 + 0.16 1.53 £ 0.17 1.53 +0.17 0.340
Gel distension
Gel 1.54 £ 0.19 1.55 £ 0.19 1.55 £ 0.20 0.379
No gel 1.50 £ 0.20 1.51+0.17 1.52 £ 0.19 0.459

Mean ADC values (x 10® mm?®/s) and standard deviations are presented. p values are obtained from comparison of ADC values among
C-DWI, SMS2-DWI, and SMS3-DWI using one-way repeated measure analysis of variance.

SMS2-DWI and C-DWI, which may indicate worse diagnostic
ability of SMS3-DWI. These findings correspond with the
results of previous studies in other organs (15, 16, 21). The
poor image quality in SMS-DWI with a high acceleration
factor can be explained by the increasing geometry factor,
which is related to image heterogeneity and signal-to-
noise ratio (SNR) reduction (22, 23). Therefore, routine
clinical application of SMS-DWI with higher acceleration
factors (= 3) would not be feasible in rectal MRI despite the
significant scan time reduction.

The ADC values in rectal cancer and normal rectal wall
measured in the present study were not significantly different
among C-DWI, SMS2-DWI, and SMS3-DWI. A few previous
studies have reported decreased ADC values using SMS-DWTI in
the liver and pancreas in comparison with C-DWI (14, 21, 24,
25). These studies hypothesized that the elevated noise floor
in SMS-DWI may result in generally lower ADC values (21).
However, several subsequent studies reported no significant
differences in ADC values between SMS-accelerated sequences
and C-DWI in several organs (15, 16, 26), which is in line
with our results. Given that the ADC values of rectal cancer
may reflect cancer aggressiveness by predicting the histologic
T stage and differentiation (4, 27, 28) and that quantitative
ADC measurement is useful in evaluating therapeutic
response in rectal cancer after chemoradiotherapy (6-8), the
comparable ADC values obtained with C-DWI and SMS-DWTI in
our study might be a prerequisite for reliable measurements
and interpretation of ADC.
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This study has several limitations. First, an inherent
selection bias may exist due to the retrospective study
design. Because we only included patients initially
diagnosed with rectal cancer, patients who underwent rectal
DWI for diseases other than rectal cancer or for evaluation
of therapeutic response in rectal cancer should be evaluated
in further studies to generalize our study results. Second,
the relatively small sample size may limit the statistical
power of subgroup analysis, particularly in those without
gel distension. However, to the best of our knowledge,
this is the first report investigating the feasibility of SMS-
DWTI in rectal cancer patients. Nonetheless, further large-
scale studies may be required to validate our results. Third,
because the three DWI sequences were obtained in the
same order of C-DWI, SMS2-DWI, and SMS3-DWI for all
patients, the time-dependent decrease in the efficacy of the
antispasmolytic could have contributed to the worse image
quality of SMS3-DWI. Nevertheless, the overall image quality
of SMS2-DWI was comparable to that of C-DWI. Fourth, the
acquisition times of DWI sequences were estimated times
in this study. Fifth, we did not compare the SNR obtained
with the three DWI sequences. For parallel imaging or an
SMS-accelerated technique, a subtraction method using two
stacks of images with identical scanning is recommended
for SNR measurement (15, 19, 29). However, we could not
obtain two image sets of the same sequences in routine
clinical practice. Lastly, this study was conducted using
only one type of scanner, the 3T MR scanner; a comparison

https://doi.org/10.3348/kjr.2019.0406 kjronline.org



Simultaneous Multislice Acceleration Technique in Rectal Cancer Evaluation

Korean Journal of Radiology

KJR

0.4 0.4F
0.3F 0.3F
0.2F 0.2
L +1.96 SD | +1.96 SD
= A 0T (¢ = |
2 0.1 5 5 0.13 a 0.1 & OO% 0° 50 0.13
a3 0 59 % a9 a o Jpo
2 00 o g 05 S oo o Mean 2 00 % 93500 o Mean
. © () [6) . OA O [©)
. [ %o% 0.00 - o 0 "& "o 0.00
g 0 %o o = - © 0 o & © o
a8 -0.1F o 00 -1.96 SD o 0.1 o -1.96 SD
(] (&)
© -0.12 -0.14
0.2k ° 0.2k ©
L O -
-0.3F -0.3}
L a o]
-0.4 ul . 1 L 1 L 1 . 1 L 1 -0.4 O L 1 L 1 L 1 L 1 L 1
0.4 0.6 0.8 1.0 1.2 1.4 0.4 0.6 0.8 1.0 1.2 1.4
Mean of C-DWI and SMS2-DWI Mean of C-DWI and SMS3-DWI
A
0.2 F 0.2
. L
01} 01} o
o +1.96 SD ~ +1.96 SD
g o o 0.07 2 i o o o 0.6
o o O:Q ™ (o]
g 0.0 T Sop2..0.R Mean g 0.0 0.8 P, % R 0..0.. Mean
0 o o 2P 95 ° -0.01 o o 09 PH TS ® g1
= o P (e} = o ° fe) [e))
5 °9 5 I ° o ° o 1.96 SD
S 00 ° & o -1.96 SD © =
< o -0.08
-0.1F -0.08 -0.1F
o
r o
-0.2 ) L . L . \ ) L . L -0.2 0 A 1 A 1 A 1 A 1 , 1
1.0 1.2 1.4 1.6 1.8 2.0 1.0 1.2 1.4 1.6 1.8 2.0
Mean of C-DWI and SMS2-DWI Mean of C-DWI and SMS3-DWI
C

Fig. 4. Bland-Altman plots comparing ADC values of rectal cancer between C-DWI and SMS2-DWI (A) and between C-DWI and
SMS3-DWI (B) and comparing ADC values of normal rectal wall between C-DWI and SMS2-DWI (C) and C-DWI and SMS3-DWI (D).
ADC values are given in x 10”° mm?/s. Solid line indicates mean absolute difference between two sequences, and dashed lines indicate 95%

confidence interval of mean difference. SD = standard deviation

of MR scanners with different field strengths was not
performed. The effect of field strength on the unaliasing of
simultaneously obtained slices or susceptibility artifacts of
SMS-DWTI could thus not be evaluated.

In conclusion, SMS-DWI using an acceleration factor of
2 is feasible for rectal MRI, with a substantial reduction
in acquisition time while maintaining a similar diagnostic
image quality compared to C-DWI. In addition, ADC values
were similar between SMS-DWI and C-DWI, which is a

kjronline.org https://doi.org/10.3348/kjr.2019.0406

prerequisite for diagnostic evaluation.
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