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Background: While anti-peristaltic agents are beneficial for high quality magnetic resonance enterography 
(MRE), their use is constrained by potential side effects and increased examination complexity. We explored 
the potential of deep learning-based reconstruction (DLR) to compensate for the absence of anti-peristaltic 
agent, improve image quality and reduce artifact. This study aimed to evaluate the need for an anti-peristaltic 
agent in single breath-hold single-shot fast spin-echo (SSFSE) MRE and compare the image quality and 
artifacts between conventional reconstruction (CR) and DLR.
Methods: We included 45 patients who underwent MRE for Crohn’s disease between October 2021 and 
September 2022. Coronal SSFSE images without fat saturation were acquired before and after anti-peristaltic 
agent administration. Four sets of data were generated: SSFSE CR with and without an anti-peristaltic agent 
(CR-A and CR-NA, respectively) and SSFSE DLR with and without an anti-peristaltic agent (DLR-A and 
DLR-NA, respectively). Two radiologists independently reviewed the images for overall quality and artifacts, 
and compared the three images with DLR-A. The degree of distension and inflammatory parameters were 
scored on a 5-point scale in the jejunum and ileum, respectively. Signal-to-noise ratio (SNR) levels were 
calculated in superior mesenteric artery (SMA) and iliac bifurcation level.
Results: In terms of overall quality, DLR-NA demonstrated no significant difference compared to DLR-A, 
whereas CR-NA and CR-A demonstrated significant differences (P<0.05, both readers). Regarding overall 
artifacts, reader 1 rated DLR-A slightly better than DLR-NA in four cases and rated them as identical in 41 
cases (P=0.046), whereas reader 2 demonstrated no difference. Bowel distension was significantly different in 
the jejunum (Reader 1: P=0.046; Reader 2: P=0.008) but not in the ileum. Agreements between the images 
(Reader 1: ĸ=0.73–1.00; Reader 2: ĸ=1.00) and readers (ĸ=0.66 for all comparisons) on inflammation were 
considered good to excellent. The sensitivity, specificity, and accuracy in diagnosing inflammation in the 
terminal ileum were the same among DLR-NA, DLR-A, CR-NA and CR-A (94.42%, 81.83%, and 89.69 
%; and 83.33%, 90.91%, and 86.21% for Readers 1 and 2, respectively). In both SMA and iliac bifurcation 
levels, SNR of DLR images exhibited no significant differences. CR images showed significantly lower SNR 
compared with DLR images (P<0.001).
Conclusions: SSFSE without anti-peristaltic agents demonstrated nearly equivalent quality to that with 
anti-peristaltic agents. Omitting anti-peristaltic agents before SSFSE and adding DLR could improve the 
scanning outcomes and reduce time.
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Introduction

For high-quality magnetic resonance enterography (MRE), 
adequate bowel distension and the absence of bowel 
movement are essential (1). Anti-peristaltic agents are 
widely used to decrease bowel peristalsis and improve bowel 
distension, subsequently reducing image blurring, which 
could degrade image quality. Although a previous study 
reported that diagnostic confidence remains high without 
using an anti-peristaltic agent (2), its administration is 
considered beneficial for enhancing image quality, and as a 
result, current international guidelines suggest considering 
its application (3,4). 

Although the time and dose of administration vary 
among institutions, spilt-dose administration is considered 
more effective than single-dose administration for reducing 
peristalsis (5). Current guidelines recommend split-dose 
administration for improving image quality, and many 
institutions follow this recommendation (6,7). T1-weighted 
three-dimensional (3D) spoiled gradient-echo sequences 
are most susceptible to bowel movement; therefore, 
injection of anti-peristaltic agents before T1-weighted 
imaging (T1WI) is a common practice (1). Moreover, a 
previous study demonstrated that omitting anti-peristaltic 
agent administration could decrease the sensitivity of 
diffusion-weighted imaging (DWI) for diagnosing bowel 
inflammation in Crohn’s disease (8). Thus, anti-peristaltic 
agents are administered before T2WI, DWI, and T1WI at 
our institution.

Despite the benefits of anti-peristaltic agents, their use 
could be limited owing to the side effects attributed to their 
anticholinergic properties, and increased complexity and 
expense of the examination. Therefore, reducing the use 
of anti-peristaltic agents, while preserving the diagnostic 
performance could make MRE examinations more 
convenient, less costly, and less likely to result in adverse 
effects.

Single-shot fast spin-echo (SSFSE), which obtains images 
within a single echo train, is routinely used for T2-weighted 
MRE. SSFSE can be performed very quickly within single 
breath-hold, making it less susceptible to bowel movements 
than other sequences (9). Moreover, omitting the use of 

anti-peristaltic agents before performing SSFSE could 
be considered feasible. However, the possibility of image 
degradation owing to image blurring may affect diagnostic 
capability.

Recently, a deep learning-based reconstruction (DLR) 
pipeline (AIR Recon DL, GE Healthcare, Waukesha, USA) 
was used to provide high-quality images with reduced 
image blurring. The DLR pipeline utilizes raw k-space 
data as input and produces high-quality images as output, 
simultaneously with the MRI acquisition (10). Previous 
reports have demonstrated that DLR can improve image 
quality and reduce artifacts in T2-weighted abdominal 
imaging (11,12). Our hypothesis stated that DLR could 
compensate for image degradation attributed to the 
absence of an anti-peristaltic agent and provide higher-
quality images compared to SSFSE with conventional 
reconstruction. Thus, we compared the image quality of 
single breath-hold SSFSE using conventional reconstruction 
and single breath-hold SSFSE using DLR with and without 
an anti-peristaltic agent and evaluated their diagnostic 
performance for active inflammation in Crohn’s disease. 

Methods

This study was approved by the institutional review board of 
Inje University Haeundae Paik Hospital (No. HPIRB 2023-
04-016-002). The requirement for informed consent was 
waived owing to the retrospective nature of the study. The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013).

Patients

This retrospective study included 45 patients (31 men,  
14 women; mean age, 31.5±9.5 years) who underwent MRE 
for known Crohn’s disease between October 2021 and 
September 2022.

Image acquisition

MRE was performed using a 3T MR imaging (MRI) 
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scanner (SIGNA™ Architect, GE Healthcare, Waukesha, 
USA) with two 30-channel coils (AIR™ anterior array coil, 
GE Healthcare, Waukesha, USA).

Prior to image acquisition, the patients ingested 1,000 mL  
of polyethylene glycol solution (Coolprep, Taejoon Pharm, 
Seoul, South Korea) to ensure adequate bowel distension. 
A total of 7.5 mg cimetropium bromide (Alpit, Hana 
Pharmaceutical Co., Seoul, Korea) was administered in 
three divided doses during the examination; the first dose 
was administered just before the second scan of the T2-
weighted coronal image, the second dose was administered 
just before DWI, and the third dose was administered just 
before obtaining the coronal T1-weighted images. 

Coronal SSFSE T2-weighted images without fat 
saturation were acquired within single breath-hold before 
and after anti-peristaltic agent administration, followed by 
image reconstruction using conventional reconstruction 
(CR) and DLR methods. The following four sets of data 
were generated: CR SSFSE with an antiperistaltic agent 
(CR-A), DLR SSFSE with an antiperistaltic agent (DLR-A), 
CR SSFSE without an antiperistaltic agent (CR-NA), and 
DLR SSFSE without an antiperistaltic agent (DLR-NA). 
The detailed imaging parameters are listed in Table S1.

DLR

Commercially available DLR pipeline (AIR™ Recon 
DL, GE Healthcare, Waukesha, USA) based on deep 
convolutional neural network (CNN). The DLR pipeline 
takes raw k-space data as its input and generates high 
fidelity images as its output. The CNN contains 4.4 million 
trainable parameters in approximately 10,000 kernels (10). 
The network was trained using pairs of images representing 
near perfect and conventional MRI images. DLR reduces 
truncation artifacts, increases sharpness, and offers tunable 
noise reduction levels. A reduction factor of 75% (DL 
High) was selected for this study. Our decision to apply the 
75% (DL High) was substantiated through a comprehensive 
evaluation of noise reduction options, including 25% (DL 
Low) and 50% (DL Medium) levels, wherein we came to 
consensus that the 75% (DL High) was the most optimal 
for improving the image quality (10,13).

Image analysis

Two board-certified radiologists (with 2 and 12 years of 
abdominal radiology experience, respectively) who were 
blinded to the clinical information, except for the diagnosis 

of Crohn’s disease, independently reviewed the images. Two 
readers reviewed CR-A, DLR-NA, and CR-NA with a side-
by-side comparison, using DLR-A as a reference standard. 
The readers evaluated the overall image quality and artifacts 
using the following 5-point scale: 1 = DLR-A is much 
better, 2 = DLR-A is slightly better, 3 = identical quality as 
DLR-A, 4 = slightly better quality than DLR-A, and much 
better quality than DLR-A (14,15). Both overall image 
quality and overall artifacts were subjectively assessed. In 
the evaluation of overall image quality, readers considered 
the image’s suitability for lesion detection, taking into 
account factors such as noise, artifacts, sharpness, and 
contrast. When assessing overall artifacts, readers examined 
the presence and extent of various issues, including motion 
artifacts caused by bowel peristalsis, ghosting artifacts, and 
FID artifacts.

Since reconstruction methods provide no benefit for 
bowel distension, the bowel distension degree was only 
evaluated using DLR-A and DLR-NA images. The extent 
of bowel distension was evaluated using the following 
grading scale: 1 = all bowel loops are collapsed without 
luminal separation, and the walls cannot be recognized; 
2 = adequate bowel distension is visible in less than 50%; 
3 = adequate bowel distension is visible in 50–80% of the 
segments; 4 = more than 80% of bowel loops are adequately 
distended; and 5 = all bowel loops in the segment are 
adequately distended. Adequate bowel distension was 
defined as bowel diameter more than 1.5 cm (16). For 
consistent interpretation, jejunal loops were defined as 
small bowel loops located on the upper and left sides of the 
abdominal wall, with thicker plicae circulares and densely 
arranged folds. The ileal loops were characterized by 
thinner circular plicae with loose arrangement, mainly in 
the lower compartment of the abdomen (16).

The parameters of active inflammation were assessed 
based on the bowel wall thickness, and mural and perimural 
signal intensity in the jejunum and ileum, respectively using 
a 4-point scale (17). This evaluation was conducted using 
only T2-weighed images. The detailed scoring system is 
presented in Table 1.

Each reader evaluated the sensitivity, specificity, 
and accuracy of the diagnosis of i leal and jejunal 
inflammation. Only the terminal ileum was selected to 
avoid overestimation of the diagnostic performance owing 
to multifocal involvement of the ileum. The reference 
standard for terminal ileal inflammation was determined 
by the endoscopic results obtained within one week prior 
to or following the MRE examination. For the jejunum, an 
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abdominal radiologist reviewed all the available sequences 
to determine the presence of active inflammation in the 
jejunal loops, which were used as the reference standard.

The signal-to-noise ratio (SNR) was calculated in two 
slices, at the level of superior mesenteric artery (SMA) and 
iliac bifurcation of aorta. The mean signal of the image slice 
was calculated, and it was divided by estimated standard 
deviation of noise level. The noise level was estimated 
by a hybrid discrete wavelet transform (DWT) and edge 
information removal-based algorithm (18,19).

Statistical analysis

The scores for the overall image quality, artifacts, and bowel 
distension were compared using a paired-sample Wilcoxon 
signed-rank test. The inter-reader and inter-sequence 
agreement of bowel wall thickness, mural signal intensity, 
and perimural signal intensity were calculated using Cohen’s 
kappa coefficients (ĸ). The kappa value was interpreted 
as poor, fair, moderate, good, and excellent agreement 
for ĸ <0.2, 0.21–0.4, 0.41–0.60, 0.61–0.80, and 0.81–1.0, 
respectively. The SNR between four images were compared 
using the Friedman test. Statistical significance was set at 
P<0.05. The Bonferroni correction was used for multiple 
comparison in the SNR comparison. Statistical analyses 
were performed using SPSS Statistics for Windows, version 
28.0 (IBM Corp., Armonk, NY, USA).

Results

Comparison of the qualitative scores

In terms of overall quality, DLR-NA demonstrated no 
significant difference in the scores compared with DLR-A 
(Reader 1: P=0.157; Reader 2: P=0.317). CR-NA and 

CR-A demonstrated significant differences compared to 
DLR-A (both readers, P<0.05). DLR-NA and DLR-A 
were mostly equivalent in terms of image quality for both 
readers (43 and 44 cases for Readers 1 and 2, respectively). 
However, when compared to CR-NA and CR-A, DLR-A 
demonstrated slightly better image quality in more cases  
(12 cases for CR-NA and eight cases for CR-A by Reader 1; 
39 cases for CR-NA and 39 cases for CR-A by Reader 2). 

Considering the overall artifacts, no significant difference 
was observed between DLR-NA and DLR-A for Reader 
2 (P=0.317). Reader 1 found that DLR-A was slightly 
better than DLR-NA in four cases and identical in 41 cases 
(P=0.046). CR-NA and CR-A demonstrated significant 
differences in the overall artifacts when compared with 
DLR-A, with majority of the DLR-A images graded 
showing slightly better quality than the CR-NA or CR-A 
images (P<0.001). The detailed results are summarized in 
Table 2.

Both readers found a statistically significant difference 
in the bowel distension score between DLR-A and DLR-
NA in the jejunum [Reader 1: DLR-NA, 2.78±0.70 (mean 
± standard deviation); DLR-A, 2.87±0.79; P=0.046; and 
Reader 2: DLR-NA, 2.73±0.72; DLR-A, 2.89±0.71; 
P=0.008], whereas no significant difference was observed 
in the ileal loop by either reader (Reader 1: DLR-NA, 
3.44±0.59; DLR-A, 3.51±0.59; P=0.083; and Reader 2: 
DLR-NA, 3.98±0.66; DLR-A, 4.00±0.67; P=0.317). The 
results are presented in Table 3.

Comparison of the inflammatory parameters

The inter-image agreement of the parameters of active 
inflammation in both readers demonstrated moderate to 
excellent agreement (Reader 1: ĸ =0.49–1.00; Reader 2: ĸ 

Table 1 The scoring system of bowel inflammation

Parameter
Scoring

0 1 2 3

Bowel wall thickness (mm) 1–3 >3–5 >5–7 >7

Mural signal intensity  
on T2 weighted image

Equivalent to that of 
normal bowel wall

Minor increase in  
signal intensity

Moderate increase  
in signal intensity

Marked increase in signal intensity: 
bowel wall contains areas of high 
signal intensity, approaching that 
of the luminal content

Perimural signal intensity  
on T2 weighted images

Equivalent to that of 
normal mesentery

Increase in mesenteric 
signal intensity but no 
fluid collection

Small fluid rim  
(≤2 mm)

Large fluid rim (>2 mm)
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Table 2 Comparison of the qualitative scores of image quality and artifacts in the four images.

Measures Images Scoring scales
Number of patients

Reader 1 Reader 2

Overall image quality DLR-NA DLR-A slightly better than DLR-NA 2 1

DLR-NA and DLR-A identical 43 44

DLR-NA slightly better than DLR-A 0 0

P value 0.157 0.317

CR-NA DLR-A slightly better than CR-NA 12 39

CR-NA and DLR-A identical 33 6

CR-NA slightly better than DLR-A 0 0

P value 0.001 <0.001

CR-A DLR-A slightly better than CR-A 8 39

CR-A and DLR-A identical 37 6

CR-A slightly better than DLR-A 0 0

P value 0.005 <0.001

Overall artifact DLR-NA DLR-A slightly better than DLR-NA 4 1

DLR-NA and DLR-A identical 41 44

DLR-NA slightly better than DLR-A 0 0

P value 0.046 0.317

CR-NA DLR-A slightly better than CR-NA 35 39

CR-NA and DLR-A identical 10 6

CR-NA slightly better than DLR-A 0 0

P value <0.001 <0.001

CR-A DLR-A slightly better than CR-A 34 39

CR-A and DLR-A identical 11 6

CR-A slightly better than DLR-A 0 0

P value <0.001 <0.001

No scores were given for any qualitative measure of image quality, indicating that the DLR-A image was significantly better than the other 
images (DLR-NA, CR-NA, and CR-A) or that any of these other images were significantly better than DLR-A. DLR-NA, SSFSE with deep 
learning-based reconstruction without anti-peristaltic agent; CR-NA, SSFSE with conventional reconstruction without anti-peristaltic 
agent; CR-A, SSFSE with conventional reconstruction with anti-peristaltic agent; DLR-A, SSFSE with deep learning-based reconstruction 
with an anti-peristaltic agent; SSFSE, single-shot fast spin-echo.

Table 3 Comparison of bowel distension scores based on presence of anti-peristalsis agent 

Bowel segment
Reader 1 Reader 2

DLR-NA DLR-A P value DLR-NA DLR-A P value

Jejunum 2.78±0.70 2.87±0.79 0.046 2.73±0.72 2.89±0.71 0.008

Ileum 3.44±0.59 3.51±0.59 0.083 3.98±0.66 4.00±0.67 0.317

Values are presented as mean ± standard deviation. DLR-NA, SSFSE with deep learning-based reconstruction without anti-peristaltic 
agent; DLR-A, SSFSE with deep learning-based reconstruction with an anti-peristaltic agent; SSFSE, single-shot fast spin-echo.
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Table 4 Inter-reader agreement on inflammation in jejunum and ileum

Parameter
Image

DLR-NA CR-NA CR-A DLR-A

Jejunum

Mural thickness 0.656 (0.031–1.000) 0.656 (0.031–1.000) 0.656 (0.031–1.000) 0.656 (0.031–1.000)

Mural signal intensity 0.656 (0.031–1.000) 0.656 (0.031–1.000) 0.656 (0.031–1.000) 0.656 (0.031–1.000)

Perimural signal intensity 0.656 (0.031–1.000) 0.656 (0.031–1.000) 0.656 (0.031–1.000) 0.656 (0.031–1.000)

Ileum

Mural thickness 0.621 (0.431–0.795) 0.621 (0.431–0.795) 0.588 (0.429–0.822) 0.588 (0.429–0.822)

Mural signal intensity 0.655 (0.485–0.831) 0.655 (0.485–0.831) 0.655 (0.521–0.855) 0.655 (0.521–0.855)

Perimural signal intensity 0.529 (0.286–0.697) 0.529 (0.286–0.697) 0.529 (0.286–0.697) 0.529 (0.286–0.697)

Values in parentheses are the 95% confidence intervals. DLR-NA, SSFSE with deep learning-based reconstruction without antiperistaltic 
agent; CR-NA, SSFSE with conventional reconstruction without antiperistaltic agent; CR-A, SSFSE with conventional reconstruction with 
antiperistaltic agent; DLR-A, SSFSE with deep learning-based reconstruction with an antiperistaltic agent; SSFSE, single-shot fast spin-echo.

=1.00). The inter-reader agreement demonstrated moderate 
to good agreement (ĸ = 0.53–0.66 for all comparisons). The 
detailed results are presented in Tables 4,5.

Diagnostic performance

The diagnostic  performance for detect ing act ive 
inflammation in the terminal ileum was evaluated in each 
image using endoscopic findings within one week as the 
reference standard. Endoscopic results were available for  
29 patients (7 males, 22 females; mean age ± standard 
deviation, 30.9±9.3 years, ranged 16–52 years), with 18 of 
them having active inflammation in the terminal ileum. 
The average interval between the endoscopy and MRE was 
2.9±2.53 days (range, 0–7 days). The sensitivity, specificity, 
and accuracy of DLR-A were 94.42%, 81.83%, and 89.69%; 
and 83.33%, 90.91%, and 86.21% for Readers 1 and 2, 
respectively. The presence of active inflammation assessment 
did not vary among the four image sets; therefore, the 
diagnostic performance was the same for DLR-NA, CR-A, 
and CR-NA, as it was for DLR-A (Figure 1).

Among 45 patients, 2 showed active inflammation in 
the jejunum according to the reference standard. The 
sensitivity, specificity, and accuracy of DLR-A in the jejunal 
loop were 50%, 100%, and 97.8%; and 100%, 100%, 
and 100% for Readers 1 and 2, respectively. It should 
be noted that active inflammation was only observed in  
two cases of the jejunal loop, which may have contributed to 
the low sensitivity findings for Reader 1 (Figures 2,3). The 
diagnostic performance for active inflammation in jejunum 

was also the same among four image sets.

SNR

At both the SMA and iliac bifurcation levels, DLR-A (mean 
values of 117.15±24.19 in the SMA level and 120.80±18.42 
in the bifurcation) and DLR-NA (120.28±24.63 in the SMA 
and 123.05±23.98 in the bifurcation) exhibited significantly 
higher SNR when compared to CR-NA (63.99±12.24 
in the SMA and 61.46±12.35 in the bifurcation) and 
CR-A (82.99±21.63 in the SMA and 80.38±19.77 in the 
bifurcation). There were no significant differences between 
DLR-A and DLR-NA, but significant differences between 
CR-A and CR-NA in both the SMA and iliac bifurcation 
levels. The summarized results are in Table 6.

Discussion

This study compared the image quality and diagnostic 
performance of four single breath-hold SSFSE image 
sets for patients with known Crohn’s disease: namely 
conventional reconstruction with and without an anti-
peristaltic agent, and deep learning-based reconstruction 
with and without an anti-peristaltic agent. When compared 
with DLR-A, DLR-NA demonstrated no significant 
difference in the overall image quality and artifacts, 
whereas DLR-A showed better image quality and fewer 
artifacts than both CR-A and CR-NA. Furthermore, DLR 
images showed significantly high SNR compared with 
CR images. The diagnostic performance for detecting 
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A
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E
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D

Figure 1 Coronal SSFSE T2-weighted images of a 45-year-old patient with Crohn’s disease. (A) DLR-NA, (B) CR-NA, (C) CR-A, (D) 
DLR-A, respectively. Wall thickening and increased mural signal intensity of terminal ileum and distal ileum (arrows) are noted in all 
images. Both readers gave identical scores in all four sequences regarding mural thickness, mural signal intensity, and perimural signal 
intensity. The endoscopy image of terminal ileum (E), performed 1 day after the MR enterography show erosions and ulcers with stenosis, 
corresponding to the inflammation in the terminal ileum noted in the images. SSFSE, single shot fast spin echo; DLR, deep learning-based 
reconstruction; CR, conventional reconstruction; NA, without anti-peristaltic agent; A, with anti-peristaltic agent; MR, magnetic resonance.
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Figure 2 Coronal SSFSE T2-weighted images of a 49-year-old patient with Crohn’s disease. (A) DLR-NA, (B) CR-NA, (C) CR-A, (D) 
DLR-A, respectively. All images demonstrate wall thickening with increased T2 signal intensity in jejunum (arrows). Images without anti-
peristaltic agents (A,B) show equivocal distension and visualization of the lesion compared to images with anti-peristaltic agent (B,C). Both 
readers gave identical scores in all four sequences regarding mural thickness, mural signal intensity, and perimural signal intensity. In arterial 
enhanced T1 weighted image (E), and diffusion weighted image (b =900 s/m2) (F), arterial enhancement and diffusion restriction, suggesting 
active inflammation. SSFSE, single shot fast spin echo; DLR, deep learning-based reconstruction; NA, without anti-peristaltic agent; CR, 
conventional reconstruction; A, with anti-peristaltic agent. 
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Figure 3 Coronal SSFSE T2-weighted images of a 35-year-old patient with Crohn’s disease. (A) DLR-NA, (B) CR-NA, (C) CR-A, (D) 
DLR-A, respectively. Focal wall thickening and increased mural signal intensity of jejunum (arrows) is noted in all images. The NA images 
(A,B) show slightly less distended jejunal lumen, but visualization of the lesion is not impaired. Reader 1 gave score 0 in mural thickness, 
mural signal intensity and perimural signal intensity in all four data sets, whereas Reader 2 gave 3, 2, 1 point, respectively. Possible cause 
of the discrepancy is that the lesion is relatively small in segment, with overall jejunum is not adequately distended in all four data sets. 
The arterial enhanced T1 weighted image (E) and diffusion weighted image (b =900 s/m2) (F) enhancement and diffusion restriction of 
the corresponding area, suggesting active inflammation. SSFSE, single shot fast spin echo; DLR, deep learning-based reconstruction; NA, 
without anti-peristaltic agent; CR, conventional reconstruction; A, with anti-peristaltic agent.
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active inflammation did not vary among the four image 
sets. Inter-reader and inter-image agreement of the 
parameters of active inflammation was fair to excellent. 
These results suggest that the effect of an anti-peristaltic 
agent on the image quality and artifacts of SSFSE in MRE 
is not as profound as that of DLR. Furthermore, the 
interpretation of parameters and diagnostic accuracy for 
active inflammation in Crohn’s disease did not change with 
different reconstruction methods or with the omission of an 
anti-peristaltic agent. 

Most studies on MRE have been conducted using 
MRE that incorporates anti-peristaltic agents. Although 
a few studies have reported the feasibility of performing 
MRE without an anti-peristaltic agent (2,20), the current 
guidelines recommend its use (3,4). Nevertheless, limited 
evidence exists on the effect of anti-peristaltic agents 
on the image quality of MRE or active inflammation 
diagnosis. In a previous study comparing MRE without 
anti-peristaltic agents to CT enterography (CTE), 
significant image degradation was observed in MRE 
without an anti-peristaltic agent; however, the diagnostic 
interpretation for the presence of active inflammation 
demonstrated substantial agreement with CTE (2). 
Another study examining the use of anti-peristaltic 
agents for DWI suggested that anti-peristaltic agents are 
necessary for DWI acquisition because omitting them 
could reduce the sensitivity of the diagnosis of active 
inflammation (8). This is the first study to investigate the 
effect of anti-peristaltic agents on the image quality and 
diagnostic performance of T2WI in MRE. Our results 
indicate that the omission of the use of anti-peristaltic 
agents did not affect the diagnosis of active inflammation 
upon T2WI of MRE.

DLR demonstrated improved image quality and reduced 
artifacts in SSFSE T2WI of abdominal MRI in previous 
studies (10,11). Our study further confirms the benefits of 
DLR in improving image quality and reducing artifacts 

compared to CR. Furthermore, DLR revealed a more 
significant impact on image quality than the use of an 
anti-peristaltic agent for SSFSE of MRE. This is because 
SSFSE is relatively robust to motion, because each image 
is obtained within a single echo train; however, it possesses 
certain inherent limitations, such as reduced SNR owing to 
short acquisition time, blurring, and reduced image contrast 
due to T2 decay during the extended echo train (21). DLR 
can reduce these factors that cause image degradation. 
Additionally, peristaltic motility is decreased in the inflamed 
bowels of patients with Crohn’s disease (22,23).

The protocols for the use of anti-peristaltic agents vary 
among institutions. Various anti-peristaltic agents are 
used, with glucagon being commonly used in the United 
States, and hyoscine butylbromide also is widely used. 
Additionally, hyoscine, hyoscyamine sulfate, cimetropium 
bromide, among others, can be used for anti-peristaltic 
effect (1). The administration route varies and includes 
intramuscular, intravenous routes, as well as sublingual 
administration. The majority of these medications have a 
rapid onset of action, typically within 1 to 2 min (24,25). 
Notably, the two most commonly utilized agents, glucagon 
and hyoscine butylbromide, have relatively short durations 
of effect (1,24). A previous study demonstrated that split-
dose administration results in significantly decreased 
peristalsis compared with single-dose administration (5). 
Current guidelines recommend the administration of an 
anti-peristaltic agent as a split dose (4). At our institution, 
we administer anti-peristaltic agents as split doses at 
three different times: before T2WI, DWI, and contrast 
enhancement. Upon considering the results of our study, 
the administration of an anti-peristaltic agent before T2WI 
can be omitted, while preserving the image quality and 
diagnostic performance with the help of DLR. Although 
the omitted dose is small, it is important for making the 
examination more convenient with lower probability of side 
effects.

Table 6 Comparison of signal-to-noise ratio in four images

SNR measured level DLR-NA DLR-A CR-NA CR-A

SMA level (mean ± SD) 120.28±24.63 117.15±24.19* 63.99±12.24 82.99±21.63

Bifurcation level (mean ± SD) 123.05±23.98 120.80±18.42* 61.46±12.35 80.38±19.77

*, all comparison except for DLR-NA and DLR-A showed significant difference in signal-to-noise ratio in both SMA and bifurcation level 
(P<0.001). CR-A, SSFSE with conventional reconstruction with anti-peristaltic agent; CR-NA, SSFSE with conventional reconstruction 
without anti-peristaltic agent; DLR-NA, SSFSE with deep learning-based reconstruction without anti-peristaltic agent; DLR-A, SSFSE 
with deep learning-based reconstruction with an anti-peristaltic agent; SNR, Signal-to-noise ratio; SD, standard deviation; SMA, superior 
mesenteric artery; SSFSE, single-shot fast spin-echo.
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Regarding bowel distension, both the readers reported 
that the jejunum demonstrated significantly less distension 
in the images generated without the use of anti-peristaltic 
agents, and both readers found no difference in the ileal 
distension. Although significant difference was noted in 
both readers, the difference in the distension grade of 
the jejunum between image sets with and without anti-
peristaltic agents was not large (without anti-peristalsis 
group: Reader 1, 2.78±0.70; Reader 2, 2.73±0.72; and 
with anti-peristalsis group: Reader 1, 2.87±0.79; Reader 2 
2.89±0.71), suggesting that the jejunal loop distension is 
still insufficient even following the use of an anti-peristaltic 
agent. Fortunately, no significant clinical impact is observed 
concerning the diagnosis of active inflammation in Crohn’s 
disease because the prevalence of CD in the jejunum is low 
(26,27). However, anti-peristaltic agents should be used in 
patients with suspected or previous history of inflammation 
in the jejunum.

Our study has certain limitations. First, it was a 
retrospective study. Second, some patients did not undergo 
ileocolonoscopy; therefore, they were excluded from the 
analysis of the diagnostic performance in the terminal ileum. 
Third, the readers could not be completely blinded to the 
image sets owing to the possibility of discerning the image 
sets according to different textures and distension of the 
bowel loops. Lastly, we scored image quality subjectively, 
but did not perform quantitative analyses such as measuring 
the SNR in this study. However, our very recent study 
demonstrated that DLR significantly increased the SNR of 
SSFSE T2WI in MR enterography (9).

Conclusions

DLR improved the image quality and reduced artifacts 
in single breath-hold SSFSE T2-weighted MRE images 
more significantly than the use of an anti-peristaltic 
agent. Eliminating the use of an anti-peristaltic agent 
before SSFSE T2WI acquisition and adding DLR can 
be performed without affecting the image quality and 
diagnostic performance for active inflammation in patients 
with Crohn’s disease. This result in a more convenient 
examination in terms of time and cost, with reducing 
the chance of exposure to potential side effects of anti-
peristaltic agents.
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