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Abstract

Purpose: To compare image quality and clinical utility of a T2-weighted
(T2W) 3-dimensional (3D) fast spin echo (FSE) sequence using deep learn-
ing reconstruction (DLR) versus conventional reconstruction for rectal magnetic
resonance imaging (MRI).

Methods: The study included 50 patients with rectal cancer who underwent
rectal MRI consecutively between July 7, 2020 and January 20, 2021 using a
T2W 3D FSE sequence with DLR and conventional reconstruction. Three radi-
ologists reviewed the two sets of images, scoring overall SNR, motion artifacts,
and overall image quality on a 3-point scale and indicating clinical preference
for DLR or conventional reconstruction based on those three criteria as well as
image characterization of bowel wall layer definition, tumor invasion of mus-
cularis propria, residual disease, fibrosis, nodal margin, and extramural venous
invasion.

Results: Image quality was rated as moderate or good for both DLR and con-
ventional reconstruction for most cases. DLR was preferred over conventional
reconstruction in all of the categories except for bowel wall layer definition.
Conclusion: Both conventional reconstruction and DLR provide acceptable
image quality for T2W 3D FSE imaging of rectal cancer. DLR was clinically
preferred over conventional reconstruction in almost all categories.
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on and often guided by locoregional staging? Rectal
magnetic resonance imaging (MRI) is an essential tool

Rectal cancer is among the most common malig-
nant neoplasms worldwide and accounts for a
significant portion of cancer-related morbidity and
mortality.! The treatment strategy for patients with rectal
adenocarcinoma—specifically, the need for chemother-
apy, radiotherapy, and/or surgery—is highly dependent

to accurately characterize the local extent or stage
of the tumor and enable clinicians to plan initial and
subsequent therapy."? Additionally, rectal MRI provides
useful information for predicting rectal cancer survival
outcomes.? In interpreting rectal MRI, it is important to
define the anatomic relationship between the tumor,

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided
the original work is properly cited.
© 2025 The Author(s). Journal of Applied Clinical Medical Physics published by Wiley Periodicals, LLC on behalf of The American Association of Physicists in Medicine.

J Appl Clin Med Phys. 2025226:¢70031.
https://doi.org/10.1002/acm2.70031

wileyonlinelibrary.com/journal/acm?2 10f7


https://orcid.org/0000-0002-8196-3794
https://orcid.org/0000-0003-2827-8891
https://orcid.org/0000-0002-0415-7246
https://orcid.org/0000-0003-4142-3918
mailto:nstanietzky@mdanderson.org
http://creativecommons.org/licenses/by/4.0/
https://wileyonlinelibrary.com/journal/acm2
https://doi.org/10.1002/acm2.70031

NGUYEN ET AL.

JOURNAL OF APPLIED CLINICAL

mesorectal fascia, sphincter complex, and adjacent
organs. Consequently, obtaining diagnostic images of
adequate quality is critical for a successful rectal MRI
study?

Multiplanar high-resolution T2-weighted (T2W) imag-
ing is an essential component of rectal cancer MRI, both
in the initial diagnosis/staging and the assessment of
treatment response. Currently, the 2-dimensional (2D)
fast spin echo (FSE) or turbo spin echo (TSE) pulse
sequence (herein referred to FSE) is the most com-
monly used sequence for T2W imaging of the rectum.*
Although 2D FSE is a more established technique in rec-
tal MR, it must be repeated for each of the planes (axial,
coronal, and sagittal)* Depending on tumor anatomy
and orientation, additional acquisitions in an oblique
plane may also be needed, which frequently requires
an in-study review by a radiologist and communication
with the imaging technologists, presenting a hurdle in
the workflow and prolonging the study table time.

In contrast, 3-dimensional (3D) sequences acquire
data volumetrically by applying an additional set of
magnetic field gradients along the slice direction, which
encodes the acquired signals and allows spatial local-
ization in the slice direction similarly to that of phase
encoding in 2D sequences. A 3D Fourier transform is
applied to the signals to transform the acquired data in
the 3D k-space into images of the different contiguous
slices simultaneously.>~’

3D FSE is therefore able to achieve a higher effec-
tive spatial resolution in the slice direction than 2D FSE.
While 3D encoding can increase scan time considerably,
the data acquisition scheme of 3D FSE is synergistic
with parallel imaging acceleration and can achieve scan
times comparable to those with 2D FSE. In summary,the
beneficial salient features of 3D FSE which differentiate
it from 2D FSE include slice contiguity, higher effective
slice resolution, and higher SNR efficiency*’

Clinically, 3D FSE is now routinely used in high-
resolution imaging of relatively static anatomy, such as
the brain and knee, but has not been commonly used
in rectal MRI.’ In recent years, deep learning technol-
ogy has become more widely used due to advances
in network design and semiconductor technology. Most
of today’s deep learning reconstruction (DLR) is based
on supervised learning models that are implemented
using a convolutional neural network (CNN)2 The CNN
is trained using noisy input data, which are compared
with high-SNR ground truth images. After enough train-
ing,the CNN can reconstruct noisy data into new images
that are similar to the ground truth data set. Image
denoising is one of the first and most impactful appli-
cations of DLR in MRI and has demonstrated the ability
to improve SNR at the reconstruction stage® Thus, DLR
offers improved SNR without the cost of modifying other
parameters such as scan time or field strength, mak-
ing DLR a fundamentally important tool for current and
future clinical use. Recently, DLR was shown to improve
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image quality in many 2D applications.'®~' However,
clinical implementation of 3D DLR has been limited."
In this work, we conducted a reader study and investi-
gated the use of 3D DLR'® for rectal MRI in patients
with a pathologically proven diagnosis of rectal adeno-
carcinoma and no prior rectal surgery and assessed its
impact on diagnostic quality and the potential clinical
adoption of the combined technique.

2 | METHOD

We retrospectively identified 73 patients who had under-
gone rectal MRI consecutively from 7 July, 2020 to
20 January, 2021 in our imaging database. Patients
with nonadenocarcinoma rectal tumors, such as anorec-
tal melanoma, squamous cell carcinoma, and carcinoid
tumor, were excluded. Those with prior rectal surgery
such as total colectomy, abdominal perineal resection,
and low anterior resection were also excluded. Addition-
ally, patients with metallic implants such as rectal stents
were excluded due to artifacts, and studies performed
for proctitis, fistula, or recurrence outside the rectum
were not included. In total, 23 patients were excluded
based on the above criteria. The remaining 50 patients
were all referred for a clinical MRI exam with an indica-
tion of initial staging, treatment response, or surveillance
for rectal adenocarcinoma.

All the MRI exams were performed on either a 3T
or a 1.5T MR scanner (GE Healthcare, Waukesha, WI)
running on software version DV26.0, using an external
torso array coil. Thirty nine patients were scanned on
3T and 11 patients were scanned on 1.5T. The 3D FSE
imaging was acquired with a vendor-proprietary Cube
sequence’ The typical scan parameters for both 1.5T
and 3T were as follows: TR/TE = 2500/132 ms, echo
train length = 100, field of view = 18 cm, acquisition
matrix = 320 x 256, acquired slice thickness = 3.0 mm,
reconstructed slice thickness = 1.5 mm, acceleration
factor = 2.0 (phase) x 1.0 (slice), number of slices =72,
acquisition time = 3 min and 56 s° In addition to the
images obtained by the conventional reconstruction, we
applied a proprietary DLR algorithm trained to reduce
noise and Gibbs ringing to reconstruct an additional set
of images from the same raw data for comparison.'®

Three board-certified radiologists (NS, US, SP with
23, 16, 8 years of experience in abdominal imaging)
reviewed and evaluated the conventional and DLR
images in a nonblinded fashion. Using a 3-point scale
(1: good, 2: moderate, 3: poor) and based on their
clinical experience in reading rectal cancer MRIs, each
radiologist independently scored the images on overall
SNR, motion artifacts, and overall image quality, as well
as the characterization of the following measures of
clinical utility: definition of bowel wall layers, tumor inva-
sion of muscularis propria, residual disease, fibrosis,
nodal margins, and extramural venous invasion. Further,
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FIGURE 1

Pre-treatment magnetic resonance imaging of a 67-year-old woman with cT3N2MO rectal adenocarcinoma using 3-dimensional

fast spin echo with (A) conventional reconstruction and (B) deep learning reconstruction (DLR). The images demonstrate a circumferential
mid-rectal tumor with extensive extramural venous invasion and extension beyond the muscularis propria. DLR was preferred by all three

radiologists for overall image quality and signal-to-noise ratio.

FIGURE 2

Pre-treatment pelvic magnetic resonance imaging of an 82-year-old man with rectal adenocarcinoma using 3-dimensional fast

spin echo with (A) conventional reconstruction and (B) deep learning reconstruction (DLR). The images demonstrate a near-circumferential
mid-rectal tumor which extends beyond the muscularis propria into the perirectal fat (black arrow). The readers preferred DLR over conventional
reconstruction in this clinical utility category due to the improved image quality.

was preferred in more than 50% of cases by all three
reviewers in all categories except definition of the bowel
wall layers (Table 2).

4 | DISCUSSION

In this work, we evaluated the quality and potential clini-
cal value of T2W imaging of rectal cancer with a 3D FSE
sequence after applying a DLR algorithm and compared
those images to images that were reconstructed using
the conventional algorithm. Our readers agreed that the
DLR algorithm generally resulted in better overall image
quality and SNR. Additionally, there were multiple clin-

ical utility categories where DLR was preferred, such
as characterizing tumor invasion through the muscularis
propria, an important upstaging feature. Overall, these
findings suggest that 3D T2W images (either DLR or
conventional) are acceptable for rectal cancer imaging.

Although DLR was generally preferred, it was not
preferred for imaging of bowel wall definition. For exam-
ple, in some cases, it was difficult to differentiate the
bowel wall layers on the 3D FSE images with DLR when
compared to the 3D FSE images using conventional
reconstruction (Figure 3). We theorize that this may
be attributable to the denoising effect of DLR in the
presence of bowel motion, which can result in the blur-
ring of sharp edges and thus make it more difficult to
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FIGURE 3

Post-treatment pelvic magnetic resonance imaging of a 45-year-old man with rectal adenocarcinoma using 3-dimensional fast

spin echo with (A) conventional reconstruction and (B) deep learning reconstruction (DLR). The DLR images show a smoother interface
between the bowel wall layers (mucosa/submucosa/muscularis propria), but the conventional images are sharper and better delineate these
layers (arrow). The readers did not prefer DLR in this clinical utility category.

TABLE 3 Statistical analysis of reader agreement on
morphologic tumor characteristics.

Reader agreement by Fleiss’s kappa.

Fleiss’s

kappa p-value
Clear definition of bowel wall layers 0.39 <0.001
Extramural venous invasion 0.21 0.185
Fibrosis 0.44 <0.001
Motion 0.10 0.235
Nodal margin 0.29 0.031
Overall image quality 0.21 0.012
Overall SNR 0.55 <0.001
Residual disease 0.36 0.003
Tumor invasion of muscularis propria 0.39 <0.001

differentiate anatomy such as bowel wall layers. DLR
can be applied at less aggressive settings which would
result in images more similar to the conventional recon-
struction images, but these lower settings were not
evaluated in this study. Although the boundaries of the
bowel wall layers were more difficult to delineate with
DLR, the denoising was found to be helpful in estimating
whether tumor extended beyond the muscularis propria.

3D acquisition allows for reconstruction at slices that
are generally thinner and with more uniform slice profile
than a 2D acquisition. This aids multiplanar reformat-
ting during post-processing, resulting in mitigation of the
“stair-step” artifact commonly seen when reformatting
stacks of 2D images. Since the true slice thickness of
our 3D FSE protocol was 3 mm, the reformatted planes
in our study would not have the same resolution as
in the native plane. However, 3D FSE images can be
acquired with thinner slices to potentially achieve diag-

nostic quality in the other planes. While this comes at
the expense of increased acquisition time, the sequence
can be acquired without requiring in-study feedback
from an on-call radiologist, and would also be faster
than acquiring images in all three imaging planes sep-
arately. Thus, 3D FSE offers more flexibility as well as
a possible reduction in both active scan time and over-
all table time, potentially improving scanner and patient
throughputs.”

There were several limitations in our study. First, 3D
FSE with DLR was compared against the same 3D FSE
data without DLR, but was not compared directly with
2D FSE, which is the current standard for rectal cancer
imaging at most institutions* Thus, this study demon-
strates the potential clinical utility of 3D FSE DLR but not
its superiority in diagnostic performance over the current
standard of care. Second, the imaging parameters of the
3D FSE sequence were designed for diagnostic imag-
ing without the use of DLR. The performance of DLR on
an accelerated or higher-resolution 3D FSE sequence
was not evaluated. Third, all MRIs were acquired on a
mixed 3T and 1.5T scanners from a single vendor. It is
possible that there may have been some differences
in image quality for scanners of different field strength,
and DLR algorithms may vary between manufacturers.
Fourth, the assessments were not compared to the
pathologic specimens and therefore an objective anal-
ysis of whether the smoothing techniques employed
by DLR lead to inaccurate interpretations cannot be
assessed. Fifth, both 1.5T and 3T MR scanners were
utilized and whether the performance of the DLR data
differed significantly between the two field strengths
was not studied. We considered that the number of
patients in the study was insufficient to perform a sta-
tistical analysis to determine any potential differences
in image quality and clinical utility that may or may not
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exist between the two field strengths. Sixth, our study
is limited as a subjective reader study to determine
the clinical impact of 3D imaging with DLR. We did not
perform a quantitative image analysis as it is beyond the
scope of our study purpose. Further, determining some
traditionally used image metrics such as SNR and CNR
is poorly defined or can be challenging in the context
of DLR and other imaging setup and options used in
the acquisition. Finally, the readers were not blinded
as to whether DLR was employed when reviewing the
studies, potentially introducing a rating bias.

Future studies are needed to compare the accuracy
of 3D DLR to conventional two-dimensional imaging to
ensure that it is at least equivalent. In addition, studies
that compare 3D DLR to the gold standard patho-
logic specimens are necessary to verify that the DLR
algorithm, while boosting SNR and aiding interpreta-
tion, does not falsely modify the tumor stage. Studies
could also be performed to compare 1.5T and 3T MR
scanners with and without DLR to assess whether the
performance is field strength dependent. Finally, a quan-
titative rather than qualitative image analysis study could
be undertaken to supplement this subjective reader
study.

5 | CONCLUSION

Our study demonstrated that DLR provides improved
overall image quality and clinical utility of 3D FSE over
conventional reconstruction in the T2W imaging of rec-
tal cancer. While the current workhorse of T2W imaging
of rectal cancer is 2D FSE due to its superior SNR and
contrast resolution, 3D FSE offers advantages in mul-
tiplanar reconstruction and flexibility in protocol design.
Thus, any significant improvement to 3D FSE introduced
by the DLR algorithm provides an opportunity to recon-
sider the current standard of imaging. Future studies will
need to compare 3D FSE with the current standard of
2D FSE in the T2W imaging of rectal cancer.
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