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Abstract: MRE has become a standard imaging test for evaluating patients with small bowel pathol-
ogy, but the indications, interpretation of imaging findings, methodology, and appropriate use must
be standardized and widely known. Several signs of small bowel damage in inflammatory and
non-inflammatory small bowel pathology include strictures, abscess, inflammatory activity, sinus
tract, wall edema, fistula, mucosal lesions, and mesentery fat hypertrophy, all of which are widely
and accurately explained by MRE. MRE is a non-invasive modality that accurately assesses the
intra-luminal, parietal, and extra-luminal small bowel. The differential MRE appearance allows us
to distinguish between different small bowel pathologies, such as neoplastic and non-neoplastic
small bowel diseases. The purpose of this paper is to present the MRE technique, as well as the
interpretation of imaging findings, through the approach of a rigorous stepwise methodology.

Keywords: small bowel; MR enterography; Crohn’s disease; bowel wall enhancement patterns

1. History Overview of Small Bowel Imaging

Referred to as the “Stepchild of Roentgenology” by Richard Schatzki [1], the X-ray
demonstration of small bowel disease was poorly investigated until 1940. Radiographic
study of the small intestine was challenging due to rapid peristalsis and overlapping
bowel loops. An adequate examination of the small intestine became possible only after
the feasibility of barium supplied through a duodenal tube. In 1929, Gilberto Pasquera
of New York was the first to use the duodenal tube for continuously controlled filling
of the small intestine. Ten years later, Jacob Gershon-Cohen introduced enteroclysis,
which allowed the successful evaluation and characterization of small bowel pathology.
Unfortunately, due to the intrinsic limits of the method, studies using barium had a limited
role in diagnosing acute small bowel obstruction or ileus and assessing extraluminal
disease. The main drawbacks of conventional enteroclysis, including the lack of direct
information on the state of the bowel wall and the extramural extension, compromised its
efficacy [1]. Although barium examinations remain a formidable tool in the depiction of
mucosal abnormalities, particularly the apthoid lesions of early Crohn disease [2], magnetic
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resonance enterography (MRE) possesses the same significant advantages, namely, the
delineation of extraintestinal and transmural inflammation, multiplanar evaluation, and
high intrinsic soft-tissue resolution, without radiation exposure [3]. In particular, young
Crohn’s patients, who require appropriate diagnostic and surveillance imaging at diagnosis
and during symptomatic and asymptomatic recurrence, profit from this marginally invasive
method [4].

Nowadays, the traditional radiological techniques, such as enteroclysis, are increas-
ingly being replaced by contemporary endoscopic and imaging techniques, namely, com-
puted tomography (CT) and MRE [5,6]; in particular, magnetic resonance imaging (MRI),
due to the lack of ionizing radiation and good tissue contrast resolution, has gained popu-
larity as a tool for assessing and diagnosing small bowel disease [7].

In recent years, capsule endoscopy, also known as wireless capsule endoscopy or
video capsule endoscopy, has gained considerable interest in evaluating the gastrointestinal
tract when traditional endoscopic techniques have failed [8]. In particular, it allows for
more sensitive intestinal mucosa evaluation than radiological procedures. Despite having
good patient tolerability and safety profiles, its main limitation is that stenotic disease and
extraluminal penetrating complications may not be assessed. Cross-sectional imaging, on
the other hand, such as MRE, allows for the evaluation of transmural lesions, as well as
evaluates stricturing and penetrating complications [9].

2. Macroscopic Anatomy Features of Small Bowel

The small intestine is the largest organ in the gastrointestinal (GI) system. It controls
nutrient absorption, water and electrolyte balance, immunity, and endocrine secretion [10].
The small intestine is a hollow tube that starts at the pylorus and ends at the ileocecal
valve, measuring 6 to 7 m in length [11]. The duodenum, jejunum, and ileum are the three
components of the small bowel. Because of its retroperitoneal location, immobility, and lack
of a mesentery, the duodenum is frequently considered a distinct anatomical entity. Due
to their relationship to a suspensory mesentery, the jejunum and ileum have considerable
mobility within the abdominal cavity [12]. The term “small bowel” (small intestine) usually
refers to the jejunum and ileum only, excluding the duodenum [12]. The free margin of the
small intestinal mesentery encases the jejunum and ileum, allowing them to move around
freely within the abdominal cavity. The mesentery of the small intestine is a double-layered
peritoneum sheet that is fan-shaped and attached to the posterior abdominal wall along
the root of the small-bowel mesentery (SBM) [12]. The SBM is a voluminous, fat-laden
peritoneal reflection that fixes the jejunum and ileum to the posterior abdominal wall. The
associated parietal boundary is approximately 15 cm long and goes obliquely down from
the duodenojejunal flexure to the ileocecal area [13]. The superior mesenteric artery (SMA)
and superior mesenteric vein (SMV) run through the root of the SBM. The small intestine
mesentery, as well as the entire length of the jejunum and ileum, are entirely located in the
infracolic compartment of the peritoneal cavity, beneath the attachment of the transverse
mesocolon [12]. There is no distinct anatomic feature that defines the transition from the
end of the jejunum to the beginning of the ileum; the jejunum is centrally placed in the
abdomen, whereas the ileum is mostly located in the hypogastric area and pelvic cavity [10].
More precisely, The jejunal loops are usually seen in the top left corner of the infracolic
compartment. In contrast, the loops of the ileum tend to be found in the lower part of the
abdominal cavity, mainly on the right side, and often flopped into the pelvic cavity [10].
The jejunum has a thicker mucosal lining, a thicker wall, a greater diameter, a less fatty
mesentery, and a longer and straighter vasa rectum than the ileum [8,10] (Figure 1).

Moreover, the jejunum is characterized by valvulae conniventes (circular mucosal and
submucosa folds that serve to increase surface area) [12] that are more prominent in the
proximal intestine and decrease throughout the small intestine [8] (Figures 2 and 3).
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Figure 1. Surgical images (A,B,D) show that compared to the ileum, the jejunum has less fatty
mesentery (asterisk in A,C) and longer and straighter vasa recta (green arrowheads in B,D).
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Figure 2. Normal MRE features of small bowel-coronal gradient echo sequences (FIESTA)
(A): Compared to the ileum, the jejunum has less fatty mesentery (A) and more valvulae conniventes
(B,C); yellow area, mesentery of the jejunum; green area, mesentery of the ilium. Red line, root
of the mesentery.
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Figure 3. Normal MRE features of small bowel-coronal gradient echo sequences (FIESTA)
(A) Compared to the ileum, the jejunum has less fatty mesentery and prominent valvulae con-
niventes. In (A), an imaginary curved line with a left convexity divides the abdomen in the region
hosting the jejunum from that hosting the ileus. Coronal (B) and axial (D) FIESTA sequences (B):
jejunum prominent valvulae conniventes (yellow arrowhead). Coronal (C) and axial (E,F) FIESTA
sequences: The wall is normally <3 mm thick.

The “terminal ileum” refers to the last 10 to 20 cm of the ileum, which is a more
common site of small bowel pathology. The small bowel’s usual intraluminal diameter is
2.5 to 3.0 cm and decreases throughout its length. The typical thickness of the wall is 1 to
2 mm (Figure 3). The fibrofatty proliferation, i.e., the hypertrophy of the mesenteric fat, is
not observable in the mesentery of a healthy small intestine (Figures 4 and 5).

Figure 4. Axial (A) FIESTA sequence: Wall thickening of 9mm (green arrowhead). Coronal T2-
weighted (B,C) wall thickness (green arrowhead in B,C). Normal wall thickness <3 mm (yellow
arrowhead in A-C).
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Figure 5. Coronal (A) FIESTA sequences do not show fibrofatty proliferation of normal mesenteric
fat with kissing bowel loops. Coronal T2-weighted images (B) show fibrofatty proliferation (creeping
fat), i.e., hypertrophy of the mesenteric fat, which separates bowel loops as a sign of mesenteric
inflammation in Crohn’s disease. Affected bowel loops are separated by focal/regionally increased
fat (fibrofatty proliferation or creeping fat): Opposed green and yellow arrowheads in (B).

Therefore, the healthy intestinal loops are not spaced apart from each other enough to
touch with their serosa (“kissing bowel loops”).

3. Guidance in Performing MRE

In MR, an adequate distension is indispensable for reliable small bowel assessment.
This can be achieved in two ways: enterography (oral administration) or enteroclysis
(nasojejunal intubation with the tube tip close to the ligament of Treitz) [14]. It is shown that
enteroclysis allows a better loop distension and visualization of mucosal abnormalities in
comparison to enterography [15]. Nevertheless, enterography does not decrease diagnostic
accuracy, and it is a less invasive and faster examination.

In 2013, The European Crohn’s and Colitis Organization (ECCO) and the European
Society of Gastrointestinal and Abdominal Radiology (ESGAR) released an evidence-based
consensus for small bowel assessment [16]. The guidelines specifically recommended using
MRI fast sequences, which acquire T1- and T2-weighted images within a single breath hold
while reducing motion and peristaltic artifacts.

The use of the intravenous injection of contrast medium is mandatory and currently
recommended for assessing bowel wall enhancement patterns and mesenteric vessels
unless contraindicated [17]. The inclusion of small bowel motility evaluation via cine
images may improve the lesion detection rate over static MRE alone [17].

In particular, reduced peristalsis is visible in small bowel areas of active fibrosis,
inflammation, or in a neoplastic loop; therefore, the appearance of reduced peristalsis
provides more diagnostic confidence in classifying a loop of the small intestine as pathologi-
cal [17-19]. Biphasic contrast agents, including many non-absorbable iso-osmolar solutions
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(poly-ethylene glycol or mannitol solutions), are required to achieve a negative effect on
T1-weighted images and a positive effect on T2-weighted images (“water-like” effect), also
providing a suitable small bowel dilation without the side effects [16]. Among the various
enteric contrast agents, the biphasic category is the most common. On T1-weighted images,
the “black lumen” is critical to assess the bowel mucosa and to detect mural enhancement
after intra-venous contrast (IVC) treatment [15].

Common clinical protocols require and the expert consensus recommends that the
patient must fast for 4 or 6 h before the MRE procedure [20]; a greater tolerance for high-
volume oral contrast ingestion is obtained with an empty, non-dilated stomach [21]. Fasting
reduces the number of food remnants and debris in the intestinal lumen, which might be
misinterpreted for polyps or mass lesions. Patients must also follow a low-residue diet
unless contraindicated for the previous five days. Because feces can cause delays in small
bowel transit times, a low-residue diet stimulates the decrease of fecal matter in the colon,
which facilitates the migration of the small-bowel contrast agent. [15,17,22]. The patients
do not need to follow a colon preparation regimen prior to MRE [17,23]. Nonetheless,
cathartics may be helpful in individuals with suspected colonic and rectal illness, and
diffusion-weighted imaging (DWI) should be used to increase diagnostic accuracy in
patients with unclean intestines [17].

The expert consensus recommends fasting for at least 4 h before performing MRE [24].
A few authors recommend carrying out a preparation with laxatives before carrying out the
MRI examination [25]. The amount of oral contrast material that patients must ingest varies
between 1000 and 2000 mL; however, patient tolerance, size, history of bowel resection,
and the existence of an ileostomy can all influence the result [15,17,23].

Using polyethylene glycol (PEG), The typical time for the contrast column to reach the
cecum ranges between 55 and 65 min. [15]. Patients should drink a glass of the preparation
every 3 min, under the monitoring of a nurse, avoiding any not tolerated overload that
could lead to vomiting, thus, precluding the examination. Immediately before imaging,
patients should drink an additional 250-500 mL of water, depending on tolerance [15,17,23].

The lack of intestinal wall motion on acquired images is a crucial requirement for the
diagnostic assessment. The stimulating impact of ingested oral contrast material on the
bowel results in increased peristalsis, which might result in motion artifacts and equivocal
interpretations. Approximately 80% of institutions administer a hypoperistaltic medication
before or during MRE [23], despite differences in agent, dosage, and time of delivery.
Glucagon or hyoscine butylbromide (Buscopan) are the commonly used agents [23].

In many institutions, IVC administration is widely preferred over intra-muscular
(IM) administration; doses are typically 0.5 to 1 mg for glucagon and 20 to 40 mg for
hyoscine butylbromide [17,23]. The investigation should begin with a coronal panoramic
assessment of the full intestine utilizing cine-image multiphase BSSFP or SSFSE sequences
during breath-holding or free breathing before the IV injection of glucagon or hyoscine
butylbromide. The multiphasic cine imaging provides functional information about bowel
motility (altered motility, with reduced peristalsis movements), strictures, and adhesions.
The bowel motility evaluation has increased pathologic lesion detection [18]. bSSFP imaging
(TrueFISP, FIESTA, balanced FFE) is the most widely utilized technique in cine MRE [18].
The altered motility is an alarm for radiologists able to unmask the locations of potential
diseases, improving confidence in the diagnosis.

Antiperistalsis drugs should be administered after the cine motility sequences; ap-
proximately 1 min later, a preliminary evaluation without contrast on the coronal plane
should be obtained, followed by a dynamic T1-weighted, fat-suppressed, spoiled gradient
echo in the coronal plane during breath holding with three or more phases (arterial, portal,
and late phases) [17]. An axial acquisition should also be carried out after the dynamic
coronal acquisition to check the bowel in a different plane. The IVC contrast enhancement
is capable of demonstrating the bowel wall thickening with various patterns according to
inflammatory, neoplastic, or ischemic bowel disease [15]. Subsequently, the T2-weighted
sequence (with and without fat suppression) must be obtained in order to evaluate the



Life 2023, 13, 1691

7 of 15

bowel wall signal, thickness, intramural edema, and the subtle inner luminal irregularities
associated with ulcerations [17,26]. In particular, it is preferable to obtain axial and coronal
T2 FSE without fat suppression, axial or coronal T2 FSE with fat suppression, and axial and
coronal SSFPGE without fat suppression. All scans must include the small bowel and colon
from the diaphragm to perineum [26].

Diffusion-weighted imaging was also suggested [27], but it is not mandatory. Nonethe-
less, we strongly recommend its use because DWI improves the diagnostic accuracy of
MRE [28-30]. DWI should be acquired in the axial plane during free breathing and must
include b values ranging from 0 to 900 [26]. Restricted diffusion is associated with severe
active inflammation in Crohn’s disease, but false positives are not infrequent, and the
DWI results need to be correlated to the ones obtained with the usually recommended
sequences [17]. Finally, it would be useful to obtain a sagittal SSFPGE scan without fat
suppression to explore the pathological loops in a different plane.

Maximal slice thicknesses are suggested to be 4-5 mm for T2-weighted imaging and 3-
4 mm after IVC administration in the best plane, while in cine sequences, the slice thickness
is typically approximately 6-10 mm [15,17,26].

In terms of lesion detection and morphologic assessment, the prone and supine
positions are comparable [31] (Moreover, imaging in the prone position reduces respiratory
motion artifacts and improves luminal distension, shortening the time needed to obtain
the coronal sequence by compressing the abdomen, and it results in more comfort for
claustrophobic patients. Small-bowel distension of both healthy and diseased loops is
statistically superior when imaging in the prone position. Therefore, patients may be
examined in either position without compromising diagnostic accuracy depending on the
factors that influence the choice or suggest necessity [31,32].

4. MRE Clinical Indications

Considering the clinical indications, MRE has become a widely acknowledged ap-
proach for evaluating the small bowel in Crohn’s disease patients, particularly in young
subjects who will have to undergo repeated follow-ups with multiple imaging examina-
tions during their lifetime to monitor treatment. However, it must be underlined that
according to the existing ECCO guidelines [33], MRE is the appropriate tool in established
Crohn’s disease because it allows the investigation of the extraluminal involvement. On
the contrary, in suspected Crohn’s disease, the diagnostic yield of CE was demonstrated
superior [33].

MRE is an established imaging approach often used to evaluate bowel disorders and,
therefore, both inflammatory and non-inflammatory pathology [32].

MRE is a formidable tool for Crohn’s disease burden evaluation and a robust tool
for detecting a broad spectrum of less well-known, non-inflammatory bowel and mesen-
teric diseases. The small intestine is not an entire field of Crohn’s disease. Small Bowel
non-IBD conditions represent the other large field of application of the MRE and include
pathologies of different etiologies. Although in many of these non-inflammatory patholo-
gies, the symptoms may be similar, such as anemia, symptoms of acute or subacute small
bowel obstruction, abdominal pain, or weight loss, they have a different nature and a
different pathogenesis.

In this scenario, the radiologist must be able to recognize the signs of many different
pathologies that affect the small intestine.

These are lymphoma, small bowel adenocarcinoma, neuroendocrine tumor, gastroin-
testinal stromal tumor, Peutz-Jeghers syndrome, radiation enteritis, familial Mediterranean
fever, intussusception, Meckel’s diverticulum, Cowden disease, small bowel sarcoidosis,
small bowel diaphragm disease, and abdominal cocoon syndrome [34,35].

In addition to Crohn’s disease, radiologists should know about uncommon small
bowel disorders because they could be recognized in patients referred for small bowel MRE
and simulate Crohn’s disease [36].
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5. Small Bowel Loop Pathology on MRE
5.1. How to Properly Compose the Diagnostic Puzzle

Regardless of the type of small bowel pathology, a systematic approach is essential
in evaluating what we achieve with small bowel imaging methods. This strategy is nec-
essary to direct image interpretation and support the creation of a precise and concise
differential diagnosis.

Despite the small pathological bowel loop that may exhibit wall thickening, intramural
edema, segmental mural hyperenhancement, and stricture, these signs may vary in different
diseases [28]. The contribution that each sign can express in the various pathologies can
be profoundly different; therefore, radiologists must be able to compose the mosaic to
formulate an accurate diagnosis [37].

Cronin et al. [38] presented normal small bowel parameters on MRE with a notable
benefit to each radiologist in their everyday assessments of the small bowel disorder
examination. Table 1 reports a summary of normal small bowel mean diameter on MRE at
the jejunum, proximal ileum, distal ileum, and terminal ileum.

Table 1. Normal small bowel mean diameter (standard deviation) on MRE.

Jejunum

Proximal Ileum Distal Ileum Terminal Ileum

245 mm (S.D. = 4.2 mm)

19.5 mm (S.D. = 3.6 mm) 18.9 mm (S.D. = 4.2 mm) 18.7 mm (S.D. = 3.6 mm)

The number of folds per 2.5 cm varied from 4.6 in the jejunum to 1.5 in the terminal
ileum. The fold thickness varied from 2.1 mm in the duodenum to 1.8 mm in the terminal
ileum. In other words, the small bowel parameters gradually decreased in size from the
jejunum to the smallest measurements, which were in the terminal ileum (Figure 6).

# 1." mean diameter
of the jejunum
result of 24.5
mm (S.D. =4.2

min)

Figure 6. Normal small bowel parameters on MR enterography: The number of folds per 2.5 cm
varied from 4.6 in the jejunum to 1.5 in the terminal ileum [15]. Folds: red spheres. Normal small
bowel diameter: yellow line [15].

When the wall thickness is more than 3 mm, despite adequate luminal distention, an
abnormal small-bowel loop is found [39]. Although submucosal edema can be accurately
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assessed using T2-weighted imaging, bowel wall thickening findings in MRE are broadly
comparable to CT [26].

In addition, if thickening of the bowel wall is recognized, some imaging features
should be considered to reduce the differential diagnosis. They are: length of involvement,
level of thickness, symmetric versus asymmetric involvement, location of the lesion along
the small bowel’s pathway (proximal or distal), site of the lesion (mucosal, sub mucosal, or
serosal) in the small bowel wall, the pattern of enhancement, continuous involvement or
discontinuous, skip lesions, and anomalies of the perienteric tissue [33,39].

5.2. Stepwise Methodology

The initial step is to determine the amount of bowel that is impacted. According to
Macari et al. [39], pathologic conditions tend to cause focal involvement (<5 cm), segmental
involvement (640 cm), or diffuse involvement (>40 cm). This is not a mere speculative
exercise but represents a helpful tool to narrow the field of differential diagnosis. In
fact, focal alterations are more likely the expression of malignant pathologies where very
segmental or extensive lesions represent benign pathologies [27,39], except for a small
bowel lymphoma, which typically shows as a segmental distribution.

The second major step is the evaluation of the degree of thickening of the abnormal
small bowel. As reported in Table 2, mural thickening can be stratified into three categories:
mild, moderate, and marked, even though the most common disorder affecting the small
intestine causes moderate to marked thickening [36].

Table 2. Degree of thickening of the abnormal small bowel on MRE.

Mild Moderate Marked
3—4 mm 5-9 mm >10 mm

Crohn’s disease, intestinal ischemia, intramural hemorrhage, angioedema, vasculitis,
lymphoma, adenocarcinomas, and other neoplasms may cause moderate to severe small
bowel thickening even though neoplasms, and sometimes, intramural bleeding, are the
most common causes of small-bowel wall thickening exceeding 20 mm [27,39].

Greater than 15 mm bowel wall thickening is unusual for Crohn’s disease, and it is
much more consistent with neoplasm, especially if it is asymmetric or mass-like [40].

Exploring symmetric versus asymmetric (different degrees of eccentric thickening
around the circumference) wall thickening patterns is a significant landmark. In this
scenario, symmetric thickening along the circumference of the small bowel suggests a
benign condition, while neoplasms are more prone to an asymmetric pattern [39].

An exception to this rule is the granulomatous conditions and Crohn’s disease, which
can express the asymmetric thickening or symmetric thickening in any case of small bowel
lymphoma [27,39].

The third step is the evaluation of bowel wall enhancement following intravenous
contrast injection.

The mucosal layer expresses the most pronounced uptake. On the other hand, the
less vascular submucosa is rarely visible as a separate entity unless affected by edema, fat
infiltrates, or hemorrhagic conditions. Although it is not as noticeable as the mucosa’s
enhancement, the muscularis propria and serosa also exhibit contrast enhancement [41].

There are four main bowel wall enhancement patterns, and they constitute a further
backbone in the evaluation of small intestine pathology [39,41] (Figure 7): stratification, two
(double halo sign) or three (the target appearance); homogeneous or hyperenhancement;
lower enhancement. Stratified contrast enhancement subtends a benign condition of the
small-bowel wall, i.e., Crohn’s disease or benign non-Crohn’s disease [42]. Stratified
contrast enhancement comprises three rings of different tissue MR signals. Two high-
intensity rings, i.e., mucosa (inner ring) and muscularis propria (outer ring) are separated
by a low-intensity ring, which refers to the submucosa (middle ring), reflecting edema
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or fat composition [43]. Homogeneous mural hyperenhancement represents a global
transmural high enhancement that uniformly compromises the entire bowel wall: this
pattern can be present not only in active Crohn’s disease but also in other disorders
such as fibrosis, infiltration, ischemia, collagen deposition, or shock bowel [40]. Less
avid mural enhancement is more typical of fibro-stenotic disease [44] or in advanced-
stage ischemia of the small bowel, whereas heterogeneous enhancement is most frequent
with adenocarcinoma and malignant gastrointestinal stromal tumors (GISTs) [45]. The
mesentery’s health and the size, location, and attenuation of lymph nodes all have a
significant influence in restricting the hypothesis for a diagnosis of an abnormal small-
bowel pattern. If there is an abnormal small-bowel loop, it is always mandatory to check
the superior mesenteric vein and artery [39].

Water or Fat Target Sign \ Poor Enhancement

Differential diagnosis In Water Target Sign:

- early finding of bowel ischaemia;
- IBD acave discase;
- Infectious ententss;

Differential diagnosis:
Differential diagnoss: - venous occlusion and bowel obsoruction,
- ischaemia where the bowel ocdema s due o venous

Differential diagnosis In Fat Target Sign: - inflammatory bowel discase (active disease) congestuon
getSign: . . T gl
- £at in the submucosa, indicating past or chronic mflammation -infectious - chn onic C ro{yl s discasc or chronic
in healthy padents it is possble to detect a dunner layer that radiation Enterit's

does not constitute pathology.

Figure 7. This scheme was borrowed from the enhancement patterns observable in CT enterography
after the administration of an intravenous contrast medium: (1) target sign: indicates inflammation
or ischemia of the bowel where the inner and outer high-enhancement layers correspond to the
hyperemic mucosa and serosa, respectively, while the poor enhancement central layer represents the
edematous or fat submucosa. (2) Homogeneous hyperenhancement or white pattern: global wall
intense enhancement equal to or greater than that of venous vessels. (3) poor enhancement of the
bowel wall is considered when the bowel wall is enhanced to be similar to that of the muscle. In 1A: the
axial T2-weighted MRE image shows small-bowel wall thickening, mural edema (hyperintense mural
signal intensity), and luminal narrowing (active Crohn’s disease phase). 1B,1D: the axial T2-weighted
MRE image (1B) and fat-suppressed T2-weighted image (1D) show small bowel poor wall thickening
and submucosa fat (hypointense mural signal intensity in fat-suppressed T2-weighted image) in
the chronic Crohn’s disease phase. (1C) Axial contrast-enhanced fat-suppressed T1-weighted show
stratified mural hyperenhancement. (2): coronal contrast-enhanced fat-suppressed T1-weighted
MRE images (2E,F) show global small-bowel mural hyperenhancement. (3): poor enhancement.
3G: Crohn’s disease with active inflammation; axial contrast-enhanced fat-suppressed T1-weighted
images show the resolution of the mural edema and hyperenhancement.

Table 3 reports the main enhancement patterns of the bowel wall.
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Table 3. Main bowel wall enhancement patterns.

Normal Enhancement Normal Bowel Wall

two (double halo sign) or three (the target appearance); subtends

Layered or stratification - "
Y Hhcatt a benign condition

global transmural high enhancement that uniformly compromises
the entire bowel wall: present in active Crohn’s disease or in
fibrosis, infiltration, ischemia, collagen deposition, or shock bowel

homogeneous or
hyperenhancement

Less avid mural enhancement is more typical of fibro-stenotic

lower enhancement .
disease

Finally, we must not neglect to look for direct and indirect signs of stenosis at the level
of the pathological loops of the small intestine, as a stenosis can cause an upstream dilatation
to either an inflammatory or fibrotic stricture. An upstream dilatation is significant when
the small bowel diameter is >3 cm. In this scenario, cine imaging helps to distinguish
between active inflammatory and fibrotic strictures and, more generally, between functional
and non-functional stenosis where functional stenosis refers to unpassable stricture, in spite
of a mighty peristaltic activity [44,46] (Figures 8-10).

Figure 8. Non-functionally significant stenosis: there is an upstream bowel dilatation of less than 3 cm.
The coronal FIESTA MRE image shows a perivalvular thick-walled ileal segment (approximately 6 cm
long) with evident luminal narrowing and rigidity, not expandable with peristalsis but constantly
fixed, albeit without upstream bowel dilation.
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Figure 9. Condition of the “damned loop” in functional stenosis. We show the decomposition of
the frames (1-8) of the Cine-MRE, which demonstrates how the peristaltic activity fails to overcome
the stricture (yellow arrowheads in 1,2), despite the attempts of the upstream loop to promote
intestinal transit by contracting energetically, quickly, and vigorously as a species of a damned loop
(green arrowheads).

Figure 10. Very functionally significant stenosis: upstream bowel dilatation greater than 3 cm with
constant and permanent ectasia of upstream bowel loops before high-grade bowel stenosis. Contrast-
enhanced fat-suppressed T1-weighted image (A): The freehand red curve represents a relatively
long, markedly stenotic segment of the ileum with marked enhancement, rigid and non-expandable.
Permanent ectasia of upstream bowel loops before high-grade bowel stenosis in coronal (B,C) and
sagittal (D) MRE in the same patient.
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6. Conclusions

MRE is increasingly being used as a first-line imaging modality for the diagnosis
of inflammatory disorders, and it has received clinical approval for the evaluation of
gastrointestinal disorders other than Crohn’s disease.

When an abnormal small-bowel loop is recognized, it is indispensable to use a method-
ological approach, which underlies an overarching strategy that allows combining all
pathological elements of the MRI to obtain an overall interpretation and decision.

Finally, we dutifully want to remind everyone that a reliable diagnosis is impossible if
everything is entrusted to imaging without a deep integration with the clinical data.

Author Contributions: Conceptualization, A.P. and S.C.; methodology, A.P,, LM.M.,, LL., and A.P;
resources, LM.M., FQ., T.B., A M., G.G., A.G,, R.B. and ER,; writing—original draft preparation, A.P.;
writing—review and editing, R.I. and S.C.; supervision, A.P., EQ., ER., and S.C. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki. Ethical review and approval were waived for this study due to its retrospective nature.

Informed Consent Statement: Patient consent was waived due to the retrospective nature of
the study.

Data Availability Statement: The data used during the current study are available from the corre-
sponding author on a reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Maataoui, A.; Vogl, T.J.; Jacobi, V.; Khan, M.F. Enteroclysis: Current clinical value. World ]. Radiol. 2013, 5, 253-258. [CrossRef]

2. Maglinte, D.D.; Kohli, M.D.; Romano, S.; Lappas, J.C. Air (CO,) double-contrast barium enteroclysis. Radiology 2009, 252, 633-641.
[CrossRef]

3. Lang, G.; Schmiegel, W.; Nicolas, V.; Brechmann, T. Impact of Small Bowel MRI in Routine Clinical Practice on Staging of Crohn’s
Disease. J. Crohn’s Colitis 2015, 9, 784-794. [CrossRef]

4. Chu, K.E;Moran, CJ.; Wu, K,; Kaplan, ].L.; Savarino, J.R.; Board, T.; Israel, E.J.; Winter, H.S.; Gee, M.S. Performance of Surveillance
MR Enterography (MRE) in Asymptomatic Children and Adolescents with Crohn’s Disease. |. Magn. Reson. Imaging 2019,
50, 1955-1963. [CrossRef]

5. Eisenberg, R.L.; Margulis, A.R. Brief history of gastrointestinal radiology. Radiographics 1991, 11, 121-132. [CrossRef] [PubMed]

6.  Peiris, D.; Wills, M. Imaging of the small bowel: A review of current practice. Br. J. Hosp. Med. 2020, 81, 1-10. [CrossRef]
[PubMed]

7. Campbell, ].; Berry, J.; Liang, Y. Anatomy and Physiology of the Small Intestine. In Shackelford’s Surgery of the Alimentary Tract, 2
Volume Set, 8th ed.; Yeo, C.J., Ed.; Elsevier: Amsterdam, The Netherlands, 2019; pp. 817-841. ISBN 9780323402323. [CrossRef]

8. Prichard, D.O.; Hamilton, Z.; Savage, T.; Smyth, M.; Penner, C.; Lakhani, A.; Carroll, M.W.; Al Sarkhy, A.; Lemberg, D.A;
Enns, R.; et al. Capsule Endoscopy Complements Magnetic Resonance Enterography and Endoscopy in Evaluating Small Bowel
Crohn’s Disease. J. Can. Assoc. Gastroenterol. 2019, 3, 279-287. [CrossRef]

9. Gonzalez-Sudrez, B.; Rodriguez, S.; Ricart, E.; Ordas, I.; Rimola, J.; Diaz-Gonzalez, A.; Romero, C.; de Miguel, C.R.; Jauregui, A,;
Araujo, LK; et al. Comparison of Capsule Endoscopy and Magnetic Resonance Enterography for the Assessment of Small Bowel
Lesions in Crohn’s Disease. Inflamm. Bowel Dis. 2018, 24, 775-780. [CrossRef]

10.  Volk, N.; Lacy, B. Anatomy and Physiology of the Small Bowel. Gastrointest. Endosc. Clin. N. Am. 2017, 27, 1-13. [CrossRef]
[PubMed]

11. Mahadevan, V. Anatomy of the small intestine. Surgery (Oxford) 2014, 32, 391-395. [CrossRef]

12. Okino, Y.; Kiyosue, H.; Mori, H.; Komatsu, E.; Matsumoto, S.; Yamada, Y.; Suzuki, K.; Tomonari, K. Root of the small-bowel
mesentery: Correlative anatomy and CT features of pathologic conditions. Radiographics 2001, 21, 1475-1490. [CrossRef] [PubMed]

13. Jarman, B.T. Small bowel imaging. Surg. Clin. N. Am. 2011, 91, 109-125. [CrossRef]

14. Torkzad, M.R.; Masselli, G.; Halligan, S.; Oto, A.; Neubauer, H.; Taylor, S.; Gupta, A.; Frekjer, ].B.; Lawrance, 1.C,;
Welman, C.J.; et al. Indications and selection of MR enterography vs. MR enteroclysis with emphasis on patients who need small
bowel MRI and general anaesthesia: Results of a survey. Insights Imaging 2015, 6, 339-346. [CrossRef] [PubMed]

15. Hidalgo, L.H.; Moreno, E.A.; Arranz, ].C.; Alonso, R.C.; de Vega Fernandez, V.M. Entero-resonancia magnética: Revision de la

técnica para el estudio de la enfermedad de Crohn [Magnetic resonance enterography: Review of the technique for the study of
Crohn’s disease]. Radiologia 2011, 53, 421-433. [CrossRef] [PubMed]


https://doi.org/10.4329/wjr.v5.i7.253
https://doi.org/10.1148/radiol.2523081972
https://doi.org/10.1093/ecco-jcc/jjv106
https://doi.org/10.1002/jmri.26811
https://doi.org/10.1148/radiographics.11.1.1996385
https://www.ncbi.nlm.nih.gov/pubmed/1996385
https://doi.org/10.12968/hmed.2020.0242
https://www.ncbi.nlm.nih.gov/pubmed/32990071
https://doi.org/10.1016/B978-0-323-40232-3.00071-6
https://doi.org/10.1093/jcag/gwz028
https://doi.org/10.1093/ibd/izx107
https://doi.org/10.1016/j.giec.2016.08.001
https://www.ncbi.nlm.nih.gov/pubmed/27908510
https://doi.org/10.1016/j.mpsur.2014.06.003
https://doi.org/10.1148/radiographics.21.6.g01nv121475
https://www.ncbi.nlm.nih.gov/pubmed/11706218
https://doi.org/10.1016/j.suc.2010.10.011
https://doi.org/10.1007/s13244-015-0384-2
https://www.ncbi.nlm.nih.gov/pubmed/25855563
https://doi.org/10.1016/j.rx.2011.03.011
https://www.ncbi.nlm.nih.gov/pubmed/21924444

Life 2023, 13, 1691 14 0of 15

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Panes, ]J.; Bouhnik, Y.; Reinisch, W.; Stoker, J.; Taylor, S.A.; Baumgart, D.C.; Danese, S.; Halligan, S.; Marincek, B.; Matos, C.;
et al. Imaging techniques for assessment of inflammatory bowel disease: Joint ECCO and ESGAR evidence-based consensus
guidelines. J. Crohn’s Colitis 2013, 7, 556-585. [CrossRef]

Chatterji, M.; Fidler, J.; Taylor, S.; Anupindi, S.; Yeh, B.; Guglielmo, F. State of the Art MR Enterography Technique. Top. Magn.
Reson. Imaging 2021, 30, 3—11. [CrossRef]

Wnorowski, A.M.; Guglielmo, EF.; Mitchell, D.G. How to perform and interpret cine MR enterography. J. Magn. Reson. Imaging
2015, 42, 1180-1189. [CrossRef]

Guglielmo, EF; Mitchell, D.G.; O’Kane, P.L.; Deshmukh, S.P.; Roth, C.G.; Burach, I.; Burns, A.; Dulka, S.; Parker, L. Erratum to:
Identifying decreased peristalsis of abnormal small bowel segments in Crohn’s disease using cine MR enterography: The frozen
bowel sign. Abdom. Imaging 2015, 40, 1138-1149. [CrossRef]

Ram, R.; Sarver, D.; Pandey, T.; Guidry, C.L.; Jambhekar, K.R. Magnetic resonance enterography: A stepwise interpretation
approach and role of imaging in management of adult Crohn’s disease. Indian ]. Radiol. Imaging 2016, 26, 173-184. [CrossRef]
Bohra, A.; Vasudevan, A.; Kutaiba, N.; Van Langenberg, D.R. Challenges and Strategies to Optimising the Quality of Small Bowel
Magnetic Resonance Imaging in Crohn’s Disease. Diagnostics 2022, 12, 2533. [CrossRef] [PubMed]

Sinha, R.; Verma, R.; Verma, S.; Rajesh, A. MR enterography of Crohn disease: Part 1, rationale, technique, and pitfalls. AJR Am. ].
Roentgenol. 2011, 197, 76-79. [CrossRef]

Gandhi, N.S,; Dillman, J.R.; Grand, D.].; Huang, C.; Fletcher, ].G.; Al-Hawary, M.M.; Anupindji, S.A.; Baker, M.E.; Bruining, D.H.;
Chatterji, M.; et al. Computed tomography and magnetic resonance enterography protocols and techniques: Survey of the Society
of Abdominal Radiology Crohn’s Disease Disease-Focused Panel. Abdom. Radiol. 2020, 45, 1011-1017. [CrossRef]

Taylor, S.A.; Avni, F; Cronin, C.G.; Hoeffel, C.; Kim, S.H.; Laghi, A.; Napolitano, M.; Petit, P; Rimola, J.; Tolan, D.J.; et al. The first
joint ESGAR/ ESPR consensus statement on the technical performance of cross-sectional small bowel and colonic imaging. Eur.
Radiol. 2017, 27, 2570-2582. [CrossRef]

Minordi, L.M.; Larosa, L.; Belmonte, G.; Scaldaferri, F.; Poscia, A.; Gasbarrini, A.; Manfredi, R. Crohn’s disease activity before
and after medical therapy evaluated by MaRIA score and others parameters in MR Enterography. Clin. Imaging 2020, 62, 1-9.
[CrossRef] [PubMed]

Biondi, M.; Bicci, E.; Danti, G.; Flammia, E; Chiti, G.; Palumbo, P; Bruno, F.; Borgheresi, A.; Grassi, R.; Grassi, E; et al. The Role of
Magnetic Resonance Enterography in Crohn’s Disease: A Review of Recent Literature. Diagnostics 2022, 12, 1236. [CrossRef]
[PubMed]

Dohan, A.; Taylor, S.; Hoeffel, C.; Barret, M.; Allez, M.; Dautry, R.; Zappa, M.; Savoye-Collet, C.; Dray, X.; Boudiaf, M.; et al.
Diffusion-weighted MRI in Crohn’s disease: Current status and recommendations. J. Magn. Reson. Imaging 2016, 44, 1381-1396.
[CrossRef] [PubMed]

Ninivaggi, V.; Missere, M.; Restaino, G.; Gangemi, E.; Di Matteo, M.; Pierro, A.; Sallustio, G.; Bonomo, L. MR-enterography with
diffusion weighted imaging: ADC values in normal and pathological bowel loops, a possible threshold ADC value to differentiate
active from inactive Crohn’s disease. Eur. Rev. Med. Pharmacol. Sci. 2016, 20, 4540-4546.

Jakob, M.; Backes, M.; Schaefer, C.; Albert, ].; Geissler, A. MR Enterography in Crohn’s Disease: Comparison of Contrast Imaging
with Diffusion-weighted Imaging and a special Form of Color Coding. RoFo 2022, 194, 1119-1131. [CrossRef]

Qi, E; Jun, S.; Qi, Q.Y,; Chen, PJ.; Chuan, G.X; Jiong, Z.; Rong, X.J. Utility of the diffusion-weighted imaging for activity evaluation
in Crohn’s disease patients underwent magnetic resonance enterography. BMC Gastroenterol. 2015, 15, 12. [CrossRef]

Cronin, C.G,; Lohan, D.G.; Mhuircheartaigh, ].N.; McKenna, D.; Alhajeri, N.; Roche, C.; Murphy, ].M. MRI small-bowel follow-
through: Prone versus supine patient positioning for best small-bowel distention and lesion detection. AJR Am. |. Roentgenol.
2008, 191, 502-506. [CrossRef]

Hu, J.; Yin, C.G.; Hu, K.E; Li, G.W. The magnetic resonance enterography imaging features of symptomatic Meckel’s diverticulum
in pediatric patients: A retrospective observational study of 31 cases. Transl. Pediatr. 2021, 10, 1974-1988. [CrossRef] [PubMed]
Maaser, C.; Sturm, A.; Vavricka, S.R.; Kucharzik, T.; Fiorino, G.; Annese, V.; Calabrese, E.; Baumgart, D.C.; Bettenworth, D.;
Borralho Nunes, P; et al. European Crohn’s and Colitis Organisation [ECCO] and the European Society of Gastrointestinal and
Abdominal Radiology [ESGAR]. ECCO-ESGAR Guideline for Diagnostic Assessment in IBD Part 1: Initial diagnosis, monitoring
of known IBD, detection of complications. J. Crohn’s Colitis 2019, 13, 144-164. [CrossRef]

Kavaliauskiene, G.; Ziech, M.L.; Nio, C.Y,; Stoker, ]J. Small bowel MRI in adult patients: Not just Crohn’s disease-a tutorial.
Insights Imaging 2011, 2, 501-513. [CrossRef]

Sharma, D.; Nair, R.P.; Dani, T.; Shetty, P. Abdominal cocoon-A rare cause of intestinal obstruction. Int. J. Surg. Case Rep. 2013,
4,955-957. [CrossRef]

Cicero, G.; Blandino, A.; D’Angelo, T.; Booz, C.; Vogl, T.].; Ascenti, G.; Mazziotti, S. Mimicking conditions of intestinal Crohn’s
disease: Magnetic resonance enterography findings. Jpn. J. Radiol. 2022, 40, 19-28. [CrossRef] [PubMed]

McLaughlin, P.D.; Maher, M.M. Nonneoplastic diseases of the small intestine: Differential diagnosis and Crohn disease. AJR Am.
J. Roentgenol. 2013, 201, W174-W182. [CrossRef]

Cronin, C.G.; Delappe, E.; Lohan, D.G.; Roche, C.; Murphy, ]. M. Normal small bowel wall characteristics on MR enterography.
Eur. ]. Radiol. 2010, 75, 207-211. [CrossRef]

Macari, M.; Megibow, A.J.; Balthazar, E.J. A pattern approach to the abnormal small bowel: Observations at MDCT and CT
enterography. AJR Am. ]. Roentgenol. 2007, 188, 1344-1355. [CrossRef]


https://doi.org/10.1016/j.crohns.2013.02.020
https://doi.org/10.1097/RMR.0000000000000263
https://doi.org/10.1002/jmri.24981
https://doi.org/10.1007/s00261-014-0293-8
https://doi.org/10.4103/0971-3026.184405
https://doi.org/10.3390/diagnostics12102533
https://www.ncbi.nlm.nih.gov/pubmed/36292222
https://doi.org/10.2214/AJR.10.7253
https://doi.org/10.1007/s00261-020-02407-8
https://doi.org/10.1007/s00330-016-4615-9
https://doi.org/10.1016/j.clinimag.2020.01.020
https://www.ncbi.nlm.nih.gov/pubmed/32014620
https://doi.org/10.3390/diagnostics12051236
https://www.ncbi.nlm.nih.gov/pubmed/35626391
https://doi.org/10.1002/jmri.25325
https://www.ncbi.nlm.nih.gov/pubmed/27249184
https://doi.org/10.1055/a-1826-0049
https://doi.org/10.1186/s12876-015-0235-0
https://doi.org/10.2214/AJR.07.2338
https://doi.org/10.21037/tp-20-419
https://www.ncbi.nlm.nih.gov/pubmed/34584868
https://doi.org/10.1093/ecco-jcc/jjy113
https://doi.org/10.1007/s13244-011-0115-2
https://doi.org/10.1016/j.ijscr.2013.08.004
https://doi.org/10.1007/s11604-021-01177-7
https://www.ncbi.nlm.nih.gov/pubmed/34304381
https://doi.org/10.2214/AJR.12.8495
https://doi.org/10.1016/j.ejrad.2009.04.066
https://doi.org/10.2214/AJR.06.0712

Life 2023, 13, 1691 150f 15

40.

41.
42.
43.
44.
45.

46.

Guglielmo, EF.; Anupindi, S.A.; Fletcher, ].G.; Al-Hawary, M.M.; Dillman, J.R.; Grand, D.J.; Bruining, D.H.; Chatterji, M.; Darge,
K.; Fidler, J.L.; et al. Small Bowel Crohn Disease at CT and MR Enterography: Imaging Atlas and Glossary of Terms. Radiographics
2020, 40, 354-375. [CrossRef]

Marin-Diez, E.; Crespo Del Pozo, J. Diagnostic approach to small-bowel wall thickening: Beyond Crohn’s disease and cancer.
Radiologia 2021, 63, 519-530. [CrossRef]

Ahualli, J. The target sign: Bowel wall. Radiology 2005, 234, 549-550. [CrossRef] [PubMed]

Walter, J.; Ayoob, A.; DiSantis, D. The bowel wall target sign. Abdom. Imaging 2015, 40, 457-458. [CrossRef] [PubMed]

Griffin, N.; Grant, L.A.; Anderson, S.; Irving, P.; Sanderson, ]. Small bowel MR enterography: Problem solving in Crohn’s disease.
Insights Imaging 2012, 3, 251-263. [CrossRef] [PubMed]

Pierro, A.; Rotondi, F; De Ninno, M.; Sallustio, G. Pseudodiverticular exophytic growth of a GIST of the jejunum with focus on
imaging. Dig. Liver Dis. 2018, 50, 722. [CrossRef]

Chang, C.W.; Wong, ] M.; Tung, C.C.; Shih, L.L.; Wang, H.Y.; Wei, S.C. Intestinal stricture in Crohn’s disease. Intest. Res. 2015,
13,19-26. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1148/rg.2020190091
https://doi.org/10.1016/j.rx.2020.11.010
https://doi.org/10.1148/radiol.2342031015
https://www.ncbi.nlm.nih.gov/pubmed/15671007
https://doi.org/10.1007/s00261-014-0261-3
https://www.ncbi.nlm.nih.gov/pubmed/25296994
https://doi.org/10.1007/s13244-012-0154-3
https://www.ncbi.nlm.nih.gov/pubmed/22696087
https://doi.org/10.1016/j.dld.2018.01.137
https://doi.org/10.5217/ir.2015.13.1.19
https://www.ncbi.nlm.nih.gov/pubmed/25691840

	History Overview of Small Bowel Imaging 
	Macroscopic Anatomy Features of Small Bowel 
	Guidance in Performing MRE 
	MRE Clinical Indications 
	Small Bowel Loop Pathology on MRE 
	How to Properly Compose the Diagnostic Puzzle 
	Stepwise Methodology 

	Conclusions 
	References

