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Abstract

Purpose To evaluate the image quality qualitatively and quantitatively, as well as apparent diffusion coefficient (ADC)
values of modified reduced field-of-view diffusion-weighted magnetic resonance imaging (MRI) using spatially tailored two-
dimensional radiofrequency pulses with tilted excitation plane (tilted r-DWI) based on single-shot echo planar imaging (SS-
EPT) compared with full-size field-of-view DWI (f-DWT) using readout segmented (RS)-EPI in patients with rectal cancer.
Materials and methods Twenty-two patients who underwent an MRI for further evaluation of rectal cancer were included in
this retrospective study. All MR images were analyzed to compare image quality, lesion conspicuity, and artifacts between
f-DWI with RS-EPI and tilted r-DWI with SS-EPI. Signal-to-noise ratio (SNR), contrast-to-noise ratio (CNR), and ADC
values were also compared. The Wilcoxon signed-rank test or paired ¢ test was performed to compare the qualitative and
quantitative assessments.

Results All image quality scores, except aliasing artifacts, were significantly higher (» <0.01 for all) in tilted --DWI than
f-DWI with RS-EPI. CNR in tilted -DWI was significantly higher than in f-DWI with RS-EPI (p <0.01), while SNR was
not significantly different. Regarding the ADC values, no significant difference was observed between tilted r-DWI and
f-DWI with RS-EPI (p=0.27).

Conclusion Tilted r-DWI provides a better image quality with fewer artifacts and higher rectal lesion conspicuity than f-DWI
with RS-EPI, indicating the feasibility of this MR sequence in evaluating rectal cancer in clinical practice.

Keywords Rectal cancer - Diffusion-weighted imaging - Reduced field-of-view - Tilted excitation

Introduction

Several studies demonstrated that diffusion-weighted MR

54 Masahiro Tanabe imaging (DWI) could help detect, localize, and further char-
m-tanabe @ yamaguchi-u.ac.jp acterize colorectal cancers using either visual evaluation of
images or apparent diffusion coefficient (ADC) measurement
in clinical practice [1]. DWI can also be useful in predict-
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leading to geometrical distortion and image blurring and
obscuring the primary rectal cancers.

Readout segmented (RS)-EPI using a readout segmen-
tation of long variable echo-trains (RESOLVE) technique
has been an alternative sequence for DWI [5]. The RS-EPI
sequence is based on segmenting a k-space into several
segments along the readout direction to shorten the echo
spacing [5]. As a consequence, DWI with RS-EPI exhibits
reduced spatial distortion, improved resolution, and sus-
ceptibility sensitivity compared with DWI using the SS-
EPI sequence [6]. Several previous studies demonstrated
that DWI based on RS-EPI is a clinically promising tech-
nique to improve the image quality for evaluating lesions in
patients with rectal cancer compared with DWI using the
SS-EPI sequence [7-9]. Meanwhile, one of the disadvan-
tages of DWI with RS-EPI was the increased acquisition
time because the k-space is partitioned into several adjacent
segments along the readout-encoding direction, and each
segment in the k-space requires a separate acquisition [6].

SS-EPI-based DWI sequences performed with a reduced
field-of-view (FOV) in phase-encoding direction tech-
nique using two-dimensional (2D) spatially selective radi-
ofrequency (RF) excitation pulses has been developed and
recently applied to abdominal MR examinations [10-13].
This reduced FOV DWI (r-DWI) technique allows direct
excitation of small rectangular areas and provides high-
quality images with improved spatial resolution and less
ghosting and susceptibility artifacts related to motion and
intestinal gas compared to conventional full-size FOV DWI
(f-DWI) [14-17]. However, aliasing artifacts in the phase-
encoding direction can often not be entirely eliminated due
to side excitations of the finitely sampled 2D RF pulse [18].
To address this, modified r-DWI using spatially tailored 2D
RF pulses with a tilted excitation plane (tilted r-DWTI) have
been suggested, where aliasing artifacts in the phase-encod-
ing direction can be eliminated by moving the unwanted
side excitations in the blind spot between the image plane
and slices [14, 19]. While tilted r-DWI has been shown
to achieve improved image quality in different body areas
[20-22], its utility has not been assessed yet for imaging
of rectal cancer. Therefore, this study aims to evaluate the
image quality qualitatively and quantitatively and the appar-
ent diffusion coefficient (ADC) values of tilted r-DWI for
rectal cancer compared with f-DWI using RS-EPI.

Materials and methods
Study population
Our institutional review board approved this study, which

involved only retrospective analysis of existing clinical
datasets, and the need for informed consent was waived

from all patients. A cross-referenced search of the database
of radiology and pathology was performed to identify all
patients with histologically proven rectal cancer who under-
went pelvic MR examinations between November 2020 and
May 2022. The following inclusion criteria were utilized:
(1) patients receiving both f-DWI (RESOLVE) and tilted
r-DWI in preoperative MRI and (2) patients having a patho-
logical diagnosis of rectal cancer by surgery resection or
endoscopy-guided biopsy. The exclusion criteria were as
follows: (1) patients having neoadjuvant therapy, includ-
ing chemoradiotherapy before MR examinations, and (2)
patients with extremely poor image quality intolerable for
evaluation due to patient movement. Based on these criteria,
the study group included 22 patients (13 males; 9 females;
mean age, 72.0+ 2.3 years; range, 46—87 years) (Fig. 1). The
median time interval between MRI and surgery/biopsy was
11.5 days (range 0-51 days).

MR imaging technique

All MR procedures were performed using a 3 T clinical
scanner (MAGNETOM Prisma or Skyra, Siemens Health-
care, Erlangen, Germany) with an 18-channel body array
coil and a 32-channel spine coil in supine position. No
bowel preparation or intravenous antispasmodic agents were
administered before the MR examination. The routine imag-
ing protocol for all patients with rectal cancer included both
f-DWI with a full-size FOV using the RESOLVE technique
and a tilted r-DWI (prototype sequence) with a reduced-size
FOV using the spatially tailored 2D RF pulses with tilted
excitation plane.

The f-DWI was obtained covering the pelvic space from
10 cm below the symphysis pubis to the level of the sacral
promontory using the following parameters: FOV: 300 x 226
mm?, acquisition matrix: 180 x 109, repetition time (TR):
10,000 or 10,820 ms, echo time (TE): 42 or 52 ms, band-
width: 926 or 992 Hz/pixel, slice thickness: 3 mm, number
of slices: 55, b-values: 0 s/mm? [number of excitation pulses
(NEX)=1] and 1000 s/mm? (NEX = 1), parallel imaging
acceleration factor: 3, and acquisition time: 190 or 206 s.

Eligible patients (n=39)
1) MR imaging with both f-DWI (RESOLVE) and tilted -DW1
2) Pathological diagnosis of rectal cancer

Excluded patients (n=17)
1) Chemoradiotherapy before MR examinations(n=15)

2) Poor image quality intolerable for evaluation(n=2)

| The study group (n=22)

Fig. 1 Flowchart of patient selection
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For tilted r-DWI, slightly rotating the excitation plane of
the 2D RF pulse enables to avoid infolding artifacts along
the phase-encoding direction which are caused by side exci-
tations (12). The following imaging parameters were used
for the tilted r-DWI focused on the rectum and surround-
ing organs: FOV: 250 x 142 mm?; matrix: 180 x 60; TR:
10,000 or 10,800 ms; TE: 49 or 68 ms; bandwidth: 1736 or
1388 Hz/pixel; slice thickness: 3 mm; number of slices: 55;
b-values: 0 s/mm? (NEX =3) and 1000 s/mm? (NEX =6);
tilting angle for excitation: 10 degree; and parallel imaging
acceleration factor: 1, and acquisition time: 220 or 238 s.

Both DW images were obtained during free breathing
and acquired during the same session in the axial plane.
ADCs maps were automatically calculated and recon-
structed. Because the protocols of f-DWI and tilted r--DWI
were optimized separately based on our clinical experience,
imaging parameters were determined to achieve the diagnos-
tic image quality within the clinically accepted acquisition
time (3—4 min per sequence) and not forced to be the same
between these two sequences.

Image analysis
Qualitative image analysis

Three experienced radiologists in abdominal MRI (reader
1 =06 years, reader 2 =7 years, and reader 3 =20 years),
blinded to the types of MR sequence and any clinical data,
independently participated in the qualitative image analy-
sis. The MR images were anonymized by removing patient
information and imaging parameters, saved on a clinically
dedicated workstation (Shade Quest; FUJIFILM Medical
Solutions, Tokyo, Japan), and used for blind reading. Each
dataset of f-DWI and tilted r-DWI was randomly analyzed
for the following parameters, such as artifacts and image
quality using a 4-point scale: presence of ghost/motion
artifacts from physiological movement (e.g., respiratory
motion or gastrointestinal motility), susceptibility artifacts
at the tissue-air interface (e.g., intraintestinal gas), and alias-
ing artifacts (1 =severe, 2 =moderate, 3 =mild, 4 =absent).
Other parameters include anatomical visualization of the
rectum (1 =poorly visualized, 2 =fairly visualized with an
unsharp margin, 3 =good visualization of the rectum with
a sharp margin, 4 =excellent visualization of the rectum),
interslice signal homogeneity (i.e., absence of the dark area
due to the dielectric effect or eddy current; 1 =poor, 2 =fair,
3 =good, 4 =excellent), overall image quality (1 = poor,
considered non-diagnostic; 2 =fair, somewhat impaired
diagnostic quality; 3 =good, unimpaired diagnostic quality;
4 =excellent), and rectal lesion conspicuity (1 =lesion not
detectable, 2 =merely recognizable lesion-to-background
contrast, 3 =intermediate lesion-to-background contrast
or high contrast with indistinct lesion margin, 4 =excellent

@ Springer

lesion-to-background contrast and a clear lesion margin). If
a disagreement occurred among the three readers, the final
decision was reached by consensus.

Quantitative image analysis

Signal-to-noise ratio (SNR), contrast-to-noise ratio (CNR),
and signal-intensity-ratio (SIR) were quantified using oper-
ator-defined regions of interest (ROIs) placed on each DW
image to measure the signal intensity (SI) and image noise
(standard deviation: SD) of rectal cancer and rectal wall.
SD of background air was also measured and used for SNR
calculation. The ROIs were manually drawn to cover the
largest area of the lesion. They were also placed on the nor-
mal rectal wall as large as possible, avoiding the intraluminal
gas, water, and other contents. The SNR was calculated as
the ratio between the mean SI of the rectal lesion (SI )
and the SD of background air (SDy,cxground air)- The CNR was
defined as the ratio of the mean SI difference between lesion
(SIigion) and the normal rectal tissue (SI ), divided by the
standard deviation of the lesion (SD,;,,) and normal rectal
tissue (SD,eum)- SIR was calculated as the ratio between the
mean SI of the rectal lesion (SI,;,,,) and the normal rectal
tissue (SI,..um)- ADC measurements of the rectal lesions
were conducted by drawing ROIs on ADC maps correspond-
ing to each DW image. One radiologist performed all ROI
measurements and saved the record of ROI placement, and
its validity was verified by another radiologist.

Statistical analysis

Continuous variables were expressed as means + standard
deviations, whereas categorical variables were presented
as medians with interquartile ranges (IQRs) in parenthesis.
The Wilcoxon signed-rank test was performed to compare
qualitative and quantitative assessments. Inter-reader agree-
ment on visual assessment was calculated by Fleiss kappa
statistics and interpreted as follows: slight: 0-0.20; fair:
0.21-0.40; moderate: 0.41-0.60; substantial: 0.61-0.80;
and almost perfect: 0.81-1.00 [23]. p-Values < 0.05 were
considered to indicate a statistically significant difference.
All statistical analyses were performed using SPSS software
(version 27.0; IBM, Armonk, NY, USA).

Results

In the qualitative visual assessment (Table 1), the following
image quality scores were significantly higher (p <0.01 for
all) in tilted r-DWI than in f-DWI with RS-EPI: anatomical
visualization of the rectum, 3 (1) vs. 2 (1); signal homogene-
ity, 3 (0) vs. 2 (1); presence of ghosting artifacts, 3 (0) vs. 2
(1); presence of susceptibility artifacts, 3 (1) vs. 2 (0); rectal
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Table1 Comparison of image quality and conspicuity between
f-DWI with RS-EPI and tilted -DWI

f-DWI Tilted -DWI p Value
with RS-
EPI
Anatomical visualization of the 2 (1) 3(1) <0.01*
rectum
Signal homogeneity 2(D) 3(0) <0.01*
Presence of ghosting artifacts 2(D) 3(0) <0.01*
Presence of susceptibility 2(0) 3(D) <0.01%*
artifacts
Presence of aliasing artifacts 4(0) 4 (0) N.S
Rectal lesion conspicuity 3(1) 4(D) <0.01*
Overall image quality 2(0) 3(D) <0.01*

Data are medians with interquartile ranges in parenthesis

*The score for -DWTI is statistically higher than that for f-DWI with
RS-EPI

Fig.2 Example DW image acquired with b=1000 s/mm’ in a
72-year-old man with rectal cancer. a full-size FOV DWI (f-DWI)
with RS-EPI; b reduced FOV DWI with tilted excitation plane (tilted
r-DWI). Tilted -DWI showed good conspicuity of the rectal lesion
(long arrow). Note that the bladder (short arrow) and the seminal ves-
icle (arrowhead) were also clearly demonstrated. Overall image qual-
ity of tilted -DWI is better than that of f-DWI with RS-EPI. RS-EPI
Readout-segmented echo-planar imaging

lesion conspicuity, 4 (1) vs. 3 (1); and overall image quality,
3 (1) vs. 2 (0), respectively (Figs. 2 and 3). There was no
significant difference regarding aliasing artifacts [4 (0) vs.
4 (0)] between tilted -DWI and f-DWI with RS-EPI. Inter-
reader agreement on image quality and artifacts was moder-
ate to substantial (anatomical visualization of the rectum of
0.61, signal homogeneity of 0.62, ghosting artifacts of 0.54,
susceptibility artifacts of 0.65, aliasing artifacts (N/A), rectal
lesion conspicuity of 0.62, and overall image quality of 0.67,
respectively).

In the quantitative evaluation (Table 2), CNR in tilted
r-DWI was significantly higher than in f-DWI with RS-EPI
(4.92+2.73 vs. 3.58+£2.04, p<0.01). However, SNR and
SIR were not significantly different between tilted r-DWI
and f-DWI with RS-EPI (130 +107 vs. 123 +80, p=0.86,

Fig.3 Example DW image acquired with b=1000 s/mm? in a
72-year-old woman with rectal cancer. a full-size FOV DWI (f-DWI)
with RS-EPI; b reduced FOV DWI with tilted excitation plane (tilted
r-DWI). The edge of the tumor extension beyond muscularis propria
into perirectal fat (arrow) is more clearly delineated in tilted -DWI
than in f-DWI with RS-EPI. RS-EPI Readout-segmented echo-planar
imaging

Table 2 Comparison of CNR, SNR and ADC values between f-DWI
with RS-EPI and tilted r-DWI

f-DWI with RS-EPI r-DWI p Value
CNR 3.58+2.04 4.92+2.73 <0.01*
SNR 12380 130107 0.86
SIR 2.32+0.90 2.63+1.07 0.15
ADC 898 +134 921+162 0.29

Data are means + standard deviations

*Statistically significant difference

and 2.63 +1.07 vs. 2.32+0.90, p=0.15, respectively)
although SNR and SIR in tilted --DWI tended to be higher
than those in f-DWI with RS-EPI. Regarding the ADC val-
ues, no significant difference exists between the mean ADC
values of rectal cancer calculated from tilted r-DWI and
those from f-DWI with RS-EPI (921 + 162 vs. 898 + 134,
p=0.29; Table 2).

Discussion

This study demonstrated that tilted --DWI could provide
significantly better image quality with fewer artifacts and
higher conspicuity of anatomical structure and rectal cancers
than f-DWI with RS-EPIL. Compared to f-DWI with RS-EPI,
tilted r-DWI using 2D selective RF pulses and reduced FOV
in the phase-encoding direction reduced ghosting artifacts
by eliminating the effects of subcutaneous fat outside the
reduced FOV [24], minimized susceptibility artifacts by
reducing the air-tissue interface from the shim volume,
prevented aliasing artifacts by tilting the excitation planes,
and improved conspicuity provided by higher in-plane spa-
tial resolution. Regarding aliasing artifacts, no significant
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difference was observed between tilted r-DWI and f-DWI
as the highest score of 4 was given in all patients in both
sequences. Reduced FOV sequences often suffered from
aliasing artifacts, even with the combined use of 2D selec-
tive RF pulses [22]. However, our results demonstrated that
aliasing artifacts did not appear in tilted -DWI even when
using reduced FOV, indicating the clinical value of using
tilted excitation planes in r-DWI using the 2D selective RF
pulse.

In the objective evaluation, no significant difference exists
in the SNR between tilted -DWI and f-DWI with RS-EPI.
Several previous reports have indicated that SNR decreases
with decreasing FOV [25, 26], which is inconsistent with our
results. Theoretically, SNR decreases as FOV reduces and
image spatial resolution increases. However, in this study,
the number of excitations was increased for tilted r-DWI
(NEX =6) to compensate for the lower SNR, presumably
maintaining an SNR comparable to that of f-DWI. Fur-
thermore, compared with RS-EPI, a lower parallel imaging
factor was used which leads to less g-factor related noise
enhancement. In fact, the SIR of rectal cancer also increased,
although a statistical difference was not shown. Conversely,
CNR was significantly higher in tilted r-DWI compared to
f-DWI with RS-EPI, which is consistent with previous stud-
ies [27, 28]. The increased CNR in tilted r-DWI will be due
to the increased number of excitations to enhance the signal
of rectal cancer. Another possibility might be the slightly
longer TE in tilted r-DWI than in f-DWI with RS-EPI, which
increases the underlying T2-weighting and might therefore
increase the signal difference between the rectal cancers and
the rectal wall in tilted r-DWI, resulting in a higher CNR.

With respect to ADC assessment, no significant differ-
ence was found between the mean ADC values of f-DWI
with RS-EPI and tilted --DWI. The above suggested that
ADC values measured on tilted r-DWI may be used to pre-
dict response to neoadjuvant chemoradiation therapy or
as a noninvasive marker of tumor aggressiveness, as the
results of previous studies [2—4]. Prior studies have demon-
strated that the improved survival rate of rectal cancer was
attributed to the application of advanced MRI techniques
combined with better preoperative treatment plans [29, 30].
Tilted r-DWI with high image quality may potentially be a
promising technique in detecting small lesions and for stag-
ing and evaluating the treatment response in patients with
rectal cancer. Additionally, multiparametric MRI, including
tilted r-DWI, would be expected to provide more information
regarding intratumoral components (e.g., bleeding, cystic
changes, and necrosis) [27], although further clinical studies
will be required to validate these findings.

One disadvantage of reduced field-of-view imaging as
used in tilted r-DWI is that the evaluation of potential pel-
vic abnormalities outside the chosen small FOV is limited.
Although f-DWI with RS-EPI which can cover the entire
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pelvis has the drawback of longer scanning time due to its
segmented EPI k-space sampling trajectory compared to
SS-EPI [31], f-DWI with RS-EPI can reduce imaging time
using its relatively large voxel size, small b-value, and
reduced number of excitations, as in the sequence used in
this study. A previous study demonstrated that f-DWI with
RS-EPI achieved significantly improved lesion conspicu-
ity and overall image quality with fewer artifacts without
increasing imaging time, compared to -DWI with SS-EPI.
Therefore, the combined use of tilted r-DWI and f-DWI
with RS-EPI sequences can be a reasonable approach for
screening of lymph nodes and other pelvic organs.

The present study had several limitations. First, the
patient population was small in this retrospective study,
which may be prone to selection bias, although this study
focused on the image quality of tilted r-DWI compared
with f-DWI with RS-EPI for rectal cancer. Thus, large
prospective multi-center studies using both 1.5-T and
3.0-T MR system are necessary to elucidate the utility of
tilted r-DWI in the preoperative assessment of rectal can-
cer. Second, the ROIs delineation for measuring SI, SD,
and ADC values of the rectal wall and cancer was con-
ducted by a single observer with verification by a second
observer, and ROIs were manually drawn, which raises the
possibility of sampling errors. Additionally, all the ROI
measurements were based on the largest lesion-containing
slices, which might not reflect the overall lesion hetero-
geneity. The entire volume measurement should be con-
sidered for further studies [32]. Third, tilted r-DWI and
r-DWI without tilted excitation pulses were not compared
as r-DWI without tilted excitation pulses was not acquired
in this study since it was impractical to add r-DWI without
tilted excitation pulses to the clinical protocol in addition
to f-DWI and tilted r-DWI. Finally, this study included
only patients with untreated rectal cancer. Therefore, the
value of tilted r-DWI in predicting the response to neoad-
juvant chemoradiation therapy remains to be determined.

In conclusion, tilted r-DWI using 2D selective RF
pulses and reduced FOV in the phase-encoding direction
provides improved image quality with fewer artifacts and
higher rectal lesion conspicuity than f-DWI with RS-EPI,
indicating the feasibility of this MR sequence in evaluating
rectal cancer in clinical practice.

Author contributions MT, MY, TY, TU and KI contributed to the study
conception and design. Material preparation, data collection and analy-
sis were performed by Al, MT, KI, KH, MH and KI. The first draft
of the manuscript was written by Al and all authors commented on
previous versions of the manuscript. All authors read and approved
the final manuscript.

Funding The authors declare that no funds, grants, or other support
were received during the preparation of this manuscript.



La radiologia medica (2023) 128:1192-1198

1197

Declarations

Conflict of interest Two authors (Thomas Benkert and Hiroshi Imai)
were employees of Siemens Healthcare, but the other authors, who
are not Siemens Healthcare employees, had control of inclusion of
any data and information. Atsuo Inoue, Masahiro Tanabe, Kenichiro
Ihara, Keiko Hideura, Mayumi Higashi, Masatoshi Yamane, Takahiro
Yamaguchi, Takaaki Ueda, and Katsuyoshi Ito declare they have no
financial interests.

Ethical approval This study was performed in line with the principles
of the Declaration of Helsinki. Approval was granted by the Institu-
tional Review Board of Yamaguchi University Hospital (September 5,
2022/No 2022-094).”

Consent to participate Written informed consent was waived by the
Institutional Review Board.

References

1. Soyer P, Lagadec M, Sirol M, Dray X, Duchat F, Vignaud A,
Fargeaudou Y, Place V, Gault V, Hamzi L, Pocard M, Boudiaf M
(2010) Free-breathing diffusion-weighted single-shot echo-planar
MR imaging using parallel imaging (GRAPPA 2) and high b value
for the detection of primary rectal adenocarcinoma. Cancer Imag-
ing 10(1):32-39. https://doi.org/10.1102/1470-7330.2010.0011

2. Kaur H, Choi H, You YN, Rauch GM, Jensen CT, Hou P, Chang
GlJ, Skibber JM, Ernst RD (2012) MR imaging for preoperative
evaluation of primary rectal cancer: practical considerations.
Radiographics 32(2):389-409. https://doi.org/10.1148/rg.32211
5122

3. Curvo-Semedo L, Lambregts DM, Maas M, Beets GL, Caseiro-
Alves F, Beets-Tan RG (2012) Diffusion-weighted MRI in rectal
cancer: apparent diffusion coefficient as a potential noninva-
sive marker of tumor aggressiveness. ] Magn Reson Imaging
35(6):1365-1371. https://doi.org/10.1002/jmri.23589

4. Jung SH, Heo SH, Kim JW, Jeong YY, Shin SS, Soung MG,
Kim HR, Kang HK (2012) Predicting response to neoadjuvant
chemoradiation therapy in locally advanced rectal cancer: dif-
fusion-weighted 3 Tesla MR imaging. J] Magn Reson Imaging
35(1):110-116. https://doi.org/10.1002/jmri.22749

5. Porter DA, Heidemann RM (2009) High resolution diffusion-
weighted imaging using readout-segmented echo-planar imaging,
parallel imaging and a two-dimensional navigator-based reacquisi-
tion. Magn Reson Med 62(2):468-475. https://doi.org/10.1002/
mrm.22024

6. Xia CC, Liu X, Peng WL, Li L, Zhang JG, Meng WJ, Deng XB,
Zuo PL, Li ZL (2016) Readout-segmented echo-planar imaging
improves the image quality of diffusion-weighted MR imaging in
rectal cancer: comparison with single-shot echo-planar diffusion-
weighted sequences. Eur J Radiol 85(10):1818-1823. https://doi.
org/10.1016/j.ejrad.2016.08.008

7. Hosseiny M, Sung KH, Felker E, Suvannarerg V, Tubtawee T,
Shafa A, Arora KR, Ching J, Gulati A, Azadikhah A, Zhong X,
Sayre J, Lu D, Raman SS (2022) Read-out segmented echo planar
imaging with two-dimensional navigator correction (RESOLVE):
an alternative sequence to improve image quality on diffusion-
weighted imaging of prostate. Br J Radiol 95(1136):20211165.
https://doi.org/10.1259/bjr.20211165

8. Tang C, Lin MB, Xu JL, Zhang LH, Zuo XM, Zhang ZS, Liu
MX, Xu JM (2018) Are ADC values of readout-segmented
echo-planar diffusion-weighted imaging (RESOLVE) correlated

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

with pathological prognostic factors in rectal adenocarci-
noma? World J Surg Oncol 16(1):138. https://doi.org/10.1186/
$12957-018-1445-z

Xia CC, Pu J, Zhang JG, Peng WL, Li L, Zhao F, Zhang K, Li
YM, Liu KL, Meng WJ, Deng XB, Zhou XY, Li ZL (2018)
Readout-segmented echo-planar diffusion-weighted MR for the
evaluation of aggressive characteristics of rectal cancer. Sci Rep
8(1):12554. https://doi.org/10.1038/s41598-018-30488-5
Attenberger Ul, Tavakoli A, Stocker D, Stieb S, Riesterer O,
Turina M, Schoenberg SO, Pilz L, Reiner CS (2020) Reduced
and standard field-of-view diffusion weighted imaging in patients
with rectal cancer at 3 T-Comparison of image quality and appar-
ent diffusion coefficient measurements. Eur J Radiol 131:109257.
https://doi.org/10.1016/j.ejrad.2020.109257¢

Hu L, Zhou DW, Fu CX, Benkert T, Jiang CY, Li RT, Wei LM,
Zhao JG (2021) Advanced zoomed diffusion-weighted imaging vs.
full-field-of-view diffusion-weighted imaging in prostate cancer
detection: a radiomic features study. Eur Radiol 31(3):1760-1769.
https://doi.org/10.1007/s00330-020-07227-4

Jang S, Lee JM, Yoon JH, Bae JS (2021) Reduced field-of-view
versus full field-of-view diffusion-weighted imaging for the
evaluation of complete response to neoadjuvant chemoradiother-
apy in patients with locally advanced rectal cancer. Abdominal
Radiol (New York) 46(4):1468-1477. https://doi.org/10.1007/
$00261-020-02763-5

Takeuchi M, Matsuzaki K, Harada M (2022) The feasibility of
reduced field-of-view diffusion-weighted imaging in evaluat-
ing bladder invasion of uterine cervical cancer. Br J Radiol
95(1129):20210692. https://doi.org/10.1259/bjr.20210692
Finsterbusch J (2012) Improving the performance of diffusion-
weighted inner field-of-view echo-planar imaging based on
2D-selective radiofrequency excitations by tilting the excitation
plane. J Magn Reson Imaging 35(4):984-992. https://doi.org/10.
1002/jmri.23522

He YL, Hausmann D, Morelli JN, Attenberger UI, Schoenberg
SO, Riffel P (2016) Renal zoomed EPI-DWI with spatially-selec-
tive radiofrequency excitation pulses in two dimensions. Eur J
Radiol 85(10):1773-1777. https://doi.org/10.1016/j.ejrad.2016.
07.022

Hwang J, Hong SS, Kim HJ, Chang YW, Nam BD, Oh E, Lee E,
Cha H (2018) Reduced field-of-view diffusion-weighted MRI in
patients with cervical cancer. Br J Radiol 91(1087):20170864.
https://doi.org/10.1259/bjr.20170864

Mannelli L, Monti S, Corrias G, Fung MM, Nyman C, Golia
Pernicka JS, Do RKG (2019) Comparison of navigator triggering
reduced field of view and large field of view diffusion-weighted
imaging of the pancreas. J Comput Assist Tomogr 43(1):143-148.
https://doi.org/10.1097/RCT.0000000000000778

Zhao L, Madore B, Panych LP (2005) Reduced field-of-view
MRI with two-dimensional spatially-selective RF excitation and
UNFOLD. Magn Reson Med 53(5):1118-1125. https://doi.org/
10.1002/mrm.20458

Finsterbusch J (2010) Fast-spin-echo imaging of inner fields-of-
view with 2D-selective RF excitations. ] Magn Reson Imaging
31(6):1530-1537. https://doi.org/10.1002/jmri.22196

HuL, Wei L, Wang S, Fu C, Benker T, Zhao J (2021) Better lesion
conspicuity translates into improved prostate cancer detection:
comparison of non-parallel-transmission-zoomed-DWI with con-
ventional-DWI. Abdom Radiol (New York) 46(12):5659-5668.
https://doi.org/10.1007/s00261-021-03268-5

Lee EJ, Hwang J, Chang YW, Hong SS, Oh E, Nam BD, Sung
JK, Thomas B (2021) Modified reduced field-of-view diffusion-
weighted magnetic resonance imaging of the prostate: comparison
with reduced field-of-view imaging and single shot echo-planar
imaging. J Comput Assist Tomogr 45(3):367-373. https://doi.org/
10.1097/RCT.0000000000001156

@ Springer



1198

La radiologia medica (2023) 128:1192-1198

22.

23.

24.

25.

26.

27.

28.

Tanabe M, Higashi M, Benkert T, Imai H, Miyoshi K, Kameda
F, Ariyoshi S, Ihara K, Ito K (2021) Reduced field-of-view diffu-
sion-weighted magnetic resonance imaging of the pancreas with
tilted excitation plane: a preliminary study. J Magn Reson Imaging
54(3):715-720. https://doi.org/10.1002/jmri.27590

Kundel HL,, Polansky M (2003) Measurement of observer agree-
ment. Radiology 228(2):303-308. https://doi.org/10.1148/radiol.
2282011860

Singer L, Wilmes LJ, Saritas EU, Shankaranarayanan A, Proc-
tor E, Wisner DJ, Chang B, Joe BN, Nishimura DG, Hylton NM
(2012) High-resolution diffusion-weighted magnetic resonance
imaging in patients with locally advanced breast cancer. Acad
Radiol 19(5):526-534. https://doi.org/10.1016/j.acra.2011.11.003
Chen M, Feng C, Wang Q, LiJ, Wu S, Hu D, Deng B, Li Z (2021)
Comparison of reduced field-of-view diffusion-weighted imaging
(DWI) and conventional DWI techniques in the assessment of
Cervical carcinoma at 3.0 T: image quality and FIGO staging. Eur
J Radiol 137:109557. https://doi.org/10.1016/j.ejrad.2021.109557
Meng X, Hu H, Wang Y, Hu D, Li Z, Feng C (2021) Applica-
tion of bi-planar reduced field-of-view DWI (trFOV DWI) in the
assessment of muscle-invasiveness of bladder cancer. Eur J Radiol
136:109486. https://doi.org/10.1016/j.ejrad.2020.109486

Peng Y, Tang H, Hu X, Shen Y, Kamel I, Li Z, Hu D (2019) Rec-
tal cancer invasiveness: whole-lesion diffusion-weighted imaging
(DWI) histogram analysis by comparison of reduced field-of-view
and conventional DWI techniques. Sci Rep 9(1):18760. https://doi.
org/10.1038/s41598-019-55059-0

Wu S, Zou X, Wang Q, Hu D, Li Z, Xu C (2020) Gallbladder
carcinoma: an initial clinical experience of reduced field-of-view
diffusion-weighted MRI. Cancer Imag 20(1):50. https://doi.org/
10.1186/540644-020-00326-x

@ Springer

29.

30.

31.

32.

Nougaret S, Reinhold C, Mikhael HW, Rouanet P, Bibeau F,
Brown G (2013) The use of MR imaging in treatment planning
for patients with rectal carcinoma: have you checked the “DIS-
TANCE”? Radiology 268(2):330-344. https://doi.org/10.1148/
radiol.13121361

Peng Y, Li Z, Tang H, Wang Y, Hu X, Shen Y, Hu D (2018)
Comparison of reduced field-of-view diffusion-weighted imag-
ing (DWI) and conventional DWI techniques in the assessment
of rectal carcinoma at 3.0 T: image quality and histological T
staging. J] Magn Reson Imaging 47(4):967-975. https://doi.org/
10.1002/jmri.25814

Kim YJ, Kim SH, Kang BJ, Park CS, Kim HS, Son YH, Porter
DA, Song BJ (2014) Readout-segmented echo-planar imaging in
diffusion-weighted MR imaging in breast cancer: comparison with
single-shot echo-planar imaging in image quality. Korean J Radiol
15(4):403-410. https://doi.org/10.3348/kjr.2014.15.4.403

Peng Y, Tang H, Meng X, Shen Y, Hu D, Kamel I, Li Z (2020)
Histological grades of rectal cancer: whole-volume histogram
analysis of apparent diffusion coefficient based on reduced field-
of-view diffusion-weighted imaging. Quant Imaging Med Surg
10(1):243-256. https://doi.org/10.21037/qims.2019.11.17

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.



