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Abstract

High soft tissue contrast resolution, acquisition of
multi-planar images and the possibility to obtain
functional information make magnetic resonance an
interesting imaging technique to evaluate the small
bowel disease. The absence of ionizing radiation is an
important feature of magnetic resonance imaging (MRI)
examinations because inflammatory diseases such
as Crohn’s disease (CD) are studied most frequently,
which are prevalent among children and young adults.
MRI, using modern equipment and a rigorous technical
approach, can offer detailed morphologic information
and functional data on the small bowel. This article
discusses the MRI protocols for small bowel and the
MR imaging findings of small bowel diseases, such as
CD and small bowel neoplasms.
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INTRODUCTION

Magnetic resonance imaging (MRI) of the small bowel
has been an unexplored field of application for years.
Since 1998 the number of the publications has started
to increase! . The reason was not lack of interest, but
the technical inadequacy of the MR scanners to perform
motion-free examinations. With the development of
hardware (gradients, multi-channel coils) and software
(fast and ultrafast sequences), which enabled breath-held
studies, freezing voluntary (respiratory) and involuntary
(peristaltic) motion artifacts, it opened the access to
modern abdominal MRI.

High soft tissue contrast resolution, acquisition
of multi-planar images and the possibility to obtain
functional information make MR an interesting imaging
technique to evaluate the small bowel disease. The
absence of ionizing radiation is an important feature of
MRI examinations because inflammatory diseases such
as Crohn’s disease (CD) are studied most frequently,
which are prevalent among children and young adults””.

The major advantage of MRI, compared with
conventional barium radiographic studies, is direct
visualization of small bowel wall. This feature
dramatically changes the image interpretation process.
Radiologists must shift their attention from analysis of
mucosal profile and lumen caliber to direct evaluation of
bowel wall thickness and parietal inflammatory changes.

IMAGING PROTOCOLS

Small bowel distension

Bowel distension is a most important requisite for any
method of the small bowel. A collapsed bowel loop
can hide lesions or simulate pathologic wall thickening;
The presence of the lesion that generates small bowel
obstruction creates a natural distention of lumen and
the possibility of examining the patient without any
preparation[(”m’m. In contrast, the relative collapse
of bowel loops under standard conditions has led
researchers to study a variety of methods of luminal
distension.
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There are two main approaches for MRI of the
small bowel: (1) study following oral administration
of contrast material; and (2) study with distension of
lumen obtained with contrast material that is introduced
through a naso-jejunal tube (MR enteroclysis).

Oral contrast agents for small bowel MRI

Oral contrast agents can be classified into positive,
negative and biphasic categories according to their action
on the signal intensity of bowel lumen.

A positive agent is a paramagnetic substance
that produces a high signal intensity on T1-weighted
sequences. It reduces T1 relaxation time without, or only
minimally, influencing T2 relaxation time. Because of
the water content of the contrast solution, it also results
in high signal intensity on T2-weighted images. Positive
contrast agents include paramagnetic substances, such
as gadolinium chelates, ferrous and manganic ions and
manganese ions" " The use of positive oral contrast
agents has been abandoned almost completely because a
hyperintense lumen does not enable a clear differentiation
with inflammatory parietal enhancement.

A negative agent is a substance that produces a low
signal intensity on T'1- and T2-weighted sequences. These
substances induce local inhomogeneity in the magnetic
field that affects T'1 and T2 relaxation time. T2 effects
predominate and are caused by spin dephasing with a
consequent loss of signal intensity. Negative contrast
agents include perfluorooctyl bromide!”, iron oxides™",
and oral magnetic particlesm’lsl. Barium sulfate, if used
at high concentrations, can be considered a negative
contrast agent“()]. Negative contrast agents are more
favorable if hyperintense signal of the bowel wall and the
surrounding fat tissue signs of acute inflammation have
to be detected on T2-weighted sequences[lﬂ. However,
magnetic susceptibility on gradient echo sequences may
alter image quality on breath-held T'1-weighted images.

The term “biphasic” recently was introduced to
define those substances that show different signal
intensities depending on different sequencesm. The first
group (hyperintense signal on T1-weighted images and
hypointense signal on T2-weighted images) included
manganese and substances that contain manganese, and
gadolinium chelates, which can act as biphasic contrast
agents if administered at high concentrations!”. The
second group (hypointense signal on T1-weighted
images and hyperintense signal on T2-weighted images)
included water, hyperosmolar and isosmolar watery
solutions, and barium sulfate!"”’. Although water is
the safest and cheapest agent, it has the limitation of
intestinal absorption, which compromises an adequate
distension of distal ileum in many patients”". To obviate
this problem, hyperosmolar solutions, such as mannitol-
based solutions, have been used. Mannitol reduces water
absorption and distends the distal ileal loops well. Major
drawbacks are undesirable side effects, such as diarrhea,
meteotism and abdominal cramps® >,

In an attempt to reduce undesirable side effects and
to obtain better distension of the distal ileum, some
new oral mixtures, such as Polyethylene glycol, a water
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solution combined with low concentration sorbitol
and locus bean gum (LBG), were used as the oral
contrast agents[w’%’m. They are all hyperosmolar. Some
of them can reduce the side effect and ensure optimal
intestinal distension with appropriate concentration and
reasonable transit time.

Magnetic resonance enteroclysis

MR enteroclysis (MRE) is an emerging technique for the
evaluation of small intestinal diseases. Administration
of an iso-osmotic water solution through a nasojejunal
catheter can guarantee adequate luminal distention, and
in combination with ultrafast sequences, such as single
shot TSE, true FISP, HASTE and 3D FLASH, resulting
in excellent anatomic demonstration of the small
intestine. MR fluoroscopy can be performed during
MRE examination to monitor the filling process and
might be useful in studying low-grade stenosis or motility
related disorders. MRE is a very promising technique
for the detection and characterization of involved small
bowel segments in patients with Crohn’s disease while its
diagnostic performance in disclosing lumen narrowing
and extramural manifestations and complications of
the disease is outstanding, Initial experience shows that
MRE is very efficient in the diagnosis of small bowel
tumors and can be used in the evaluation of small bowel

. 20,28,29'
obstruction™***,

Sequences

Fast sequences that are able to acquire T1- and T2-
weighted images within a single breath-hold are essential
requisites for MRI evaluation of small bowel. In T2-
weighted images, several studies'™>**** support the validity
of single-shot sequences, including half-Fourier single-
shot turbo spin-echo (HASTE) and single-shot fast spin-
echo. Because these sequences, based on the half-Fourier
reconstruction technique, have extremely fast acquisition
time (approximately 1 second per image), they are able
to freeze motion artifacts. Single-shot sequences differ
from each other depending on echo time (TE). Using
long TE (e.g. about 600 m) can obtain selective images of
fluids with cancellation of surrounding organs (similar to
magnetic resonance cholangiopancreatography). Using
shorter TE (60-90 m) can obtain simultaneous evaluation
of fluids, bowel wall and surrounding structures. The
use of fat saturation pulses is a useful complement to
the acquisition of T2-weighted sequences™>'**”, Fat
saturation causes an increase in contrast between bowel
wall and the surrounding fat tissue. This can help assess
the bowel wall inflammation and identify the inflammatory
changes in peritoneal fat tissue.

The “balanced” or “hybrid” gradient-echo
sequence has been introduced in clinical practice. This
sequence, known as true fast imaging with steady-state
precession (true-FISP), presents with an intermediate
contrast between T1- and T2-weighted images™' .
Shorter repetition times (TR) are used (< 3 m) and
the acquisition time is short. The true FISP sequence
provides motion-free, high-resolution images similar
to T2-weighted images of the intestine, mesentery and
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Figure 1 A 36-year-old man with Crohn's
disease, the small bowel thickness
exceeds 4-5 mm on T2W image, and
stratified appearance (so-called "target"
or "double halo" appearance) can be
seen.

Figure 2 A 25-year-old man with Crohn's disease and inflammation of ileocecal
junction. T2W image shows "double halo" appearance (arrows) of thickened
(8 mm) bowel wall.

vasculature in 1.5 s. However, this sequence is prone to
susceptibility artifacts from intraluminal air and from
“black boundary” artifact due to the chemical shift
phenomenon, which may obscure the subtle bowel
wall thickening. The black boundary artifact can be
eliminated with use of fat suppression.

T1-weighted images are obtained with fast spoiled-
gradient-echo sequences, using 2-D of 3-D acquisition.
The acquisition time ranges from 15 to 20 seconds.
T1-weighted sequences generally are used following
intravenous injection of contrast material to evaluate
enhancement, a useful parameter to assess disease
activity, especially the inflammatory activity. T1-weighted
images also benefit from the use of fat saturation. The
gadolinium-enhanced fat-suppressed spoiled gradient-
echo sequence provides T1-weighted images with
excellent visualization of the enhanced bowel wall, which
contrasts well with the low-signal-intensity mesenteric
fat and negative intraluminal contrast material™**.,

The latest technical development to speed up
the acquisition process is parallel imaging, based on
simultaneous acquisition of spatial harmonics, or
sensitivity encoding techniques. Marked improvement in
spatial resolution can be achieved in shorter acquisition
times". Parallel imaging can reduce the number of
phase encodings to be acquired per TR. Consequently,
the spatial resolution can be increased while maintaining
an acquisition time that is compatible with a single
breath-hold, or the number of scans to be acquired,
which allows a larger volume coverage. Alternatively,

Figure 3 A 42-year-old man
with Crohn's disease, T2W
image shows skip lesions of
ileum with thickened (7 mm)
bowel wall.

Figure 4 A 36-year-old woman
with Crohn's disease, the bowel
wall of the involved segment has
a homogeneous enhancement
at CE-T1W image. And the
“comb sign” also can be seen.

the acquisition time can be reduced drastically. The
drawback in the use of parallel imaging is the reduction
of signal-to-noise ratio (SNR) and the need to perform
a calibration of equipment immediately before image
acquisitionm.

CLINICAL INDICATIONS
Inflammatory bowel disease (CD) (Figures 1-4)

Chronic inflammatory disease, and in particular, CD,

represents the most common application of MRI of
small bowel[l—:':,&(),l5,28—35,38]

Imaging findings

With MRI, both inflammatory changes of the bowel wall
and extramural complications of Crohn’s disease can
be assessed. The non-invasiveness of this technique, as
well as its lack of ionizing radiation, has prompted many
radiologists to perform systematic studies of MRI for
evaluation of Crohn’s disease.

In patients having proved suspected CD, cross-
sectional images, including CT and MRI, should be
analyzed specifically for the presence and character of
a pathologically altered bowel segment (wall thickness,
pattern of attenuation, degree of enhancement, length
of involvement), stenosis and prestenotic dilatation,
skip lesions, fistulas, abscess, fibrofatty proliferation,
increased vascularity of the vasa recta (comb sign),
mesenteric adenopathy, and other extraintestinal disease
involvement.

The normal small bowel wall thickness is between
1 mm and 3 mm when the lumen is well distended.
Any portion of the bowel wall that exceeds 4-5 mm is
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. 9,12,17,19,26,29,39,40] . .
considered abnormal®'>'""*? 1 An adequate intestinal

distension is mandatory because collapsed loops or spastic
intestinal segments may mimic wall thickening. Most
optimal distension is obtained with MR enteroclysis with
instillation of contrast medium after nasojejunal intubation
under fluoroscopic guidance. Although many authors
reporting on MR enteroclysis administer antiperistaltic
drugs to reduce motion artifacts, reflex atony is induced
by high flow rates, theoretically allowing images (almost)
free of motion artifacts'""*?. Drawbacks are that this
technique is uncomfortable for patients and exposes them
to a considerable dose of ionizing radiation of up to 8
mSv during intubation™. To avoid such disadvantages,
MRI has been performed by many researchers using oral
contrast media. Many contrast media have been proposed,
but no oral contrast medium has yet been accepted
universally as optimal for use®*>*'*#,

Small bowel wall thickening is a sensitive, but not
pathognomonic, sign of CD. It is observed in several
other intestinal diseases, such as ischemic disorders and
infections.

Although superficial mucosal lesions are missed
easily as a result of inadequate spatial resolution, MR
imaging can detect early inflaimmatory changes of the
bowel wall, based on enhancement after intravenous
injection of contrast medium. The bowel wall of the
involved segment may have a homogeneous or stratified
appearance at MR imaging after enhancement. The
homogeneous enhancement is diffuse and transmural
with no recognition of different bowel layers. The
stratified appearance (so-called “target” or “double
halo” appearance) is related to alternating layers of
higher or lower attenuation or signal intensity. The
stratified appearance also can be seen on T2-weighted
imaging. “Target” or “double halo” appearance is often
seen in active lesions, particulatly after the intravenous
administration of contrast medium, and related to
submucosal edema. The intensity of enhancement
correlates with the degree of inflammatory lesion activity.
Inactive disease is characterized by no abnormalities or
bowel wall thickening with relative low signal intensity
representing fibrosis with limited, homogeneous contrast
enhancement. Absence of stratification on T2-weighted
images with stratified enhancement on T1-weighted
images is often due to fibrosis, which is a typical long-
standing CD™>*| This sign (stratified enhancement)
also can be seen on MSCT (multi-slice CT) images'>*".

Increased vascularity of the vasa recta (comb sign)
is a sign of active inflammation. It arises from the
combination of vascular engorgement of vasa recta
and fibro-fatty proliferation and is demonstrated as
multiple tubular, tortuous opacities on mesenteric side
of ileum, aligned as the teeth of a comb™. “Comb
sign” is frequently seen on enhanced MSCT images*"’.
Abscess and phlegmon can occur in the small bowel
mesentery, abdominal wall, or psoas muscle or around
the anus. Abscesses and phlegmon are well demonstrated
at fat-saturated T2-weighted MR imaging and can be
distinguished reliably, which aids in management planning,
Fistulas and sinus tracts are also depicted, however, the
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reported sensitivity of MR imaging for depicting sinus
tracts is 50%-75% when a conventional enteroclysis study
is used as a reference”™”*. Mesenteric lymphadenopathy
ranging from 3 to 8 mm in size is depicted at MR imaging
with a true fast imaging with steady state precession (FISP)
or T2-weighted turbo spin-echo sequencem’“]. If these
sequences are not available, axial T'1- or T2-weighted spin-
echo imaging should be added. When lymph nodes are
larger than 10 mm, lymphoma and carcinoma must be
excluded.

Assessment of disease activity

Imaging techniques form a very important part of the
evaluation of CD. However, several clinical scoring
systems have been developed as well to assess disease
activity and response to therapy, especially in trials. The
Crohn’s disease activity index (CDAI) is currently the gold
standard for clinical evaluation of disease activity™"*".
This index is relatively subjective since an important
part of the total score is derived from items that reflect
the patient’s perception of disease (general well being
and "intensity of abdominal pain"). However, in many
studies, this index has been used as gold standard for
disease activity since it is a validated and extensively used
clinical index. Scores ranging from 0 to approximately 600
with values below 150 are considered as remission and
values over 150 as active disease. MR imaging was used to
evaluate disease activity™"*>***"*#% Based on different
expetiences, contrast-enhanced(CE) fat-suppressed T'1-
weighted images offer the best correlation between MR
findings and CDAI, although a correlation that used fat-
suppressed T2-weighted images is also demonstrated.
MRI can cleatly distinct pathologic from normal bowel
wall in CD, as it detects significant variations in bowel
wall thickness with clinical improvement and is able to
reflect pathologic inflammatory changes at the bowel
wall based on variations in the CE. In most patients
with active disease, abnormal bowel identified on MR
imaging was isointense or slightly hypointense to the
psoas muscles on T1-weighted imaging. On T2-weighted
imaging, the abnormal bowel segments were usually
isointense or slightly hyperintense compared with the
psoas muscle. MR imaging can correctly identify active
disease, the enhancement pattern of abnormal bowel is
diffuse and layered. The layered pattern is seen only in
patients with active disease. Consequently, this technique
is reliably applicable to the follow-up of patients with
CD. MRI is able to detect significant variations in bowel
wall thickness and contrast enhancement (CE), reflecting
favorable clinical response to medical treatment of CD’s

[30,34,49]
relapse .

NEOPLASMS (Figure 5)

Benign masses

Benign and malignant small intestinal tumors are
uncommon. Adenomas, leiomyomas and lipomas
constitute the three most common primary benign small
intestinal tumors®™”. In general, benign tumors occur less
commonly in the duodenum and increase in frequency
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Figure 5 A: A 68-year-old man with adenocarcinomas, T2W image shows the
tumor with similar signal intensity, the proximate jejunum dilating conspicuously;
B: The same patient, tumor shows heterogeneous enhancement greater than
adjacent bowel on gadolinium-enhanced image.

in the ileum. The term “polyp” is a clinical term for any
tumorous mass that projects above the surrounding
normal mucosa. Hamartomatous, hyperplastic and
inflammatory polyps are benign, non-neoplastic lesions
and adenomatous polyps are true neoplastic tumors
containing dysplastic epithelium and are precursors
of carcinoma. Polyps are infrequently symptomatic
and are usually incidental findings at autopsy. Current
convention is that leiomyomas should be classified as
gastrointestinal stromal tumors (GIST), and benignancy
can never be determined with absolute certainty. Small
bowel GIST accounts for 25% of these tumors. As in
the stomach, these may be large and ulcerating,

Malignant masses

Adenocarcinomas account for 50% of all small bowel
malignancies, but only account for less than 1% of all
gastrointestinal malignancies”!. The most common
site for small bowel adenocarcinoma is the duodenum.
This tumor frequently occurs in close proximity to the
ampulla and as a result may cause obstructive jaundice™.
Adenocarcinoma and metastases can be seen rarely in
the jejunum.

Most primary gastrointestinal non-Hodgkin
lymphomas are of B-cell type, and appear to arise from
B cells of mucosa-associated lymphoid tissue (MALT).
In the small intestine, the terminal ileum is the most
common site affected, which may reflect the relatively
greater amount of lymphoid tissue present in this segment
compared with the duodenum and jejunum.

Carcinoids are the most common primary neoplasm
of the small bowel. They are well-differentiated
neuroendocrine neoplasms that occur primarily in the
distal ileum. Men and women are affected with equal
frequency. Most patients present with tumor-related
symptoms of bleeding and bowel obstruction or
intussusception. lleal carcinoids are regional mesenteric
metastases and vascular sclerosis. The primary tumor may
be quite small with the accompanying lymphadenopathy
and desmoplastic reaction in the root of the mesentery
presenting as the only visible manifestation of disease. Liver
metastases are responsible for the “carcinoid syndrome”,

which is characterized by vasomotor instability, intestinal
hypomotility and bronchoconstriction.

Imaging findings

Tumors had similar signal intensity to normal small
bowel on precontrast images. Tumors showed
heterogeneous enhancement greater than adjacent bowel
on gadolinium-enhanced images. Tumor local extent
was best shown on precontrast-spoiled gradient-echo
images and postgadolinium T1-weighted fat-suppressed
images. Image quality was most consistent on breath-
hold images. Precontrast breath-hold T1-weighted
spoiled gradient-echo images and gadolinium-enhanced
fat suppressed images demonstrate tumor extent most
reliably. The accuracy of the technique in cases of non-
occlusive tumors of the lumen is not known, given the
lack of large case series™.

CONCLUSION

MR imaging, using modern equipment and a rigorous
technical approach, can offer detailed morphologic
information and functional data on the small bowel.
The optimal study technique is debatable, although the
oral administration of contrast material as a first-line
approach is less expensive, faster, easier to perform and
better tolerated by patients. MR enteroclysis might be
reserved for selected cases as a second-line study.

The major clinical indication is the evaluation of
patients who have suspected or known CD. The absence
of ionizing radiation, in view of the young age of most
of the patients and the frequency of the examinations,
is an important advantage over other techniques
(radiography and CT enteroclysis).
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