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Background. In recent years, there has been renewed interest in small bowel imaging using a variety of radiologic or
endoscopic techniques. This article gives an overview and comparison of old and new techniques used in small bowel
imaging. New imaging methods as computed tomography (CT), CT enteroclysis (CTEc), CT enterography (CTEg),
ultrasound (US), contrast-enhanced ultrasound (CEUS), US enteroclysis, US enterography, magnetic resonance im-
aging (MRI), MR enteroclysis (MREc) and MR enterography (MREg) are compared with the older techniques such
as small- bowel follow- through (SBFT), conventional enteroclysis (CE) and endoscopic techniques including push
enteroscopy, ezofagogastroduodenoscopy (EGD), sonde enteroscopy, ileocolonoscopy, double-balloon enteroscopy,
intraoperative enteroscopy and wireless capsule enteroscopy (WCE).

Methods. Systematic scan of Pubmed,Medline, Ovid, Elsevier search engines was used.. Additional information
was found through the bibliographical review of relevant articles.

Results. SBFT has only secondary role in small bowel imaging. US is still the method of choice in imaging for
pediatric populations. US and CEUS are also accepted as a method of choice especially in inflammatory cases. CE
has been replaced by new cross - sectional imaging techniques (CTEc/CTEg or MREc/MREg). CTEc combines the
advantages of CT and CE. MREc combines the advantages of MRI and CE. Some authors prefer CTEg or MREg
with peroral bowel preparation and they strictly avoid nasojejunal intubation under fluoroscopic control. MREc has
better soft tissue contrast, showing it to be more sensitive in detecting mucosal lesions than CTEc in inflammatory
diseases. CTEg/MREg are techniques preferred for patients in follow-up of the inflammatory diseases. The radiologic
community is not unanimous however about their role in the imaging process. CTEc/MREc as well as CTEg/MREg
are superior to endoscopic methods in the investigation of small-bowel tumors. WCE gives unparalleled imaging of
the mucosal surface of the small bowel especially in the event of obscure gastrointestinal bleeding and inflammatory
diseases.

Conclusions. In a comparison of endoscopic and radiologic approaches, radiologic techniques are less invasive
for patients, they take less time to investigate and allow imaging the entire small bowel. Some do not involve radia-
tion exposure (US, MR). Endoscopic methods are more expensive, more invasive, need longer examination time
and technical special skills but without radiation exposure. The greatest advantage of some endoscopic methods is
the possibility of mucosal biopsy in one step with diagnostic examination (EGD, push enteroscopy, intraoperative
enteroscopy, ileocolonoscopy).

INTRODUCTION

There was a time when small-bowel follow-through
(SBFT) was the primary method of diagnosing diseases
of the small bowel. In recent years, there has been re-
newed interest in small bowel imaging using a variety of
technique such as ultrasound(US) contrast enhanced
ultrasound (CEUS), computed tomography (CT), mag-
netic resonance imaging (MRI), computed tomography
enteroclysis/enterography (CTEc/CTEg) and magnetic
resonance enteroclysis/enterography ( MREc/MREg)
and the small bowel endoscopic methods. The introduc-

tion of helical CT technology in 1989 and subsequently
multidetector CT has further changed small bowel imag-
ing. CT has faster acquisition of a large volume of data
with thinner collimation and possibility of high-quality
multiplanar reformatting. The introduction of MRI has
created an important tool for small bowel imaging too.
MRI has the ability of increased soft tissue contrast with-
out ionizing radiation and using ultrafast sequences. The
limitations of push enteroscopy and ileocolonoscopy al-
lowed the dominance of radiologic methods in the workup
of patients with small bowel diseases. Wireless capsule
enteroscopy (WCE) is utilized in the elective investiga-
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tion of small bowel diseases. Current clinical guidelines
recommend the use of radiological studies prior to use of
WCE especially in high risk patients'. Digital subtraction
angiography (DSA) for diagnostic purposes has in the
majority of indications been replaced by CT angiogra-
phy (CTA) while DSA is reserved for guidance of inter-
ventional procedures. New ultrafast techniques in MRI
and magnetic resonance angiography (MRA) using i.v.
contrast medium are able to compete with CTA. The lat-
ter method is ultrasound assessment of the small bowel
without radiation exposure. Always challenging because
of the gas content, this method is favoured in pediatric
gastroenterology. Ultrasound needs experienced sonogra-
phers and good cooperation with clinicians.

Radiologic imaging techniques

Small-bowel follow-thsrough (SBFT). Historically SBFT
has been the standard radiologic approach used to asses
patients with gut diseases. The patient drank 500-600 ml
of barium suspension after fasting for at least 8 hours.
Serial overhead radiographs were obtained in prone posi-
tion at 30 to 60 minute intervals until the barium reached
the ileocaecal valve. SBFT provided information about
intraluminal disease extension and small bowel motility
disorders. Higher radiation dose and no informations on
extramural disease extention caused its replacement by
modern cross-sectional imaging methods.

Conventional enteroclysis (CE). The principle of this
method is the administration of nasojejunal tube un-
der fluoroscopic guidance, getting the tip of tube right
in the duodenal-jejunal flexure. The administration of

Fig. 1. Active ileal Crohn’s disease in 21-year-old woman.
Conventional enteroclysis with positive luminal
filling (barium + Vidogum) reveals luminal nar-
rowing (arrow) in terminal ileal loop, oral ileum
and jejunum are without disease.
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200-250 ml barium sulphate suspension followed by
0.5% metylcellulose or Vidogum (Vidogum GH 250,
CO ORD-Med,CZ) through the nasojejunal tube is per-
formed manually or by automatic pump in total volume
of 1500-2000 ml. The balloon can be administered to the
duodenum to prevent of reflux into the stomach. The aim
of the procedure is to reach a complete distension of the
entire small bowel loops. After adequate demonstration
of ileocaecal transition, posterio-anterior and oblique film
radiographs are obtained and at the end the compression
spot views of distal ileum are done (Fig. 1). Duration of
the examination, discomfort due to intubation and infu-
sion of large volumes of contrast and distension materials
lead to the low acceptance of this method'. CE has been
shown to be highly accurate, with a sensitivity of 93.1%
and a specificity of 96.9% (ref .?) in diagnosing small bow-
el diseases, and permits detection of partly obstructive
or nonobstructive lesions that may not be demonstrated
with cross-sectional imaging techniques. The principal
disadvantage is the limited indirect information on the
state of the bowel wall and extramural extension, and its
effectiveness may be hindered owing to overlapping bowel
loops. The radiation dose administered to young patients
should also be considered®. On the other hand, competing
cross-sectional methods are not able to assess superficial
mucosal lesions in inflammatory diseases in such details**
. CE is the most efficient diagnostic modality in evaluat-
ing cases of postoperative obstruction - etiology, location
and determination the degree of obstruction®.

Ultrasound, contrast-enhanced ultrasound (CEUS), new
ultrasound imaging techniques. Imaging of small bowel
diseases with ultrasound is always challenging. Routine
sonograms are performed with real time 3.5-5 MHz
transducers. Areas of interest are analysed with compres-
sion sonography. The sonographer must look for “target
pattern“ and “pseudokidney pattern®, both of which cor-
respond to thickened gut wall. Gut wall masses may be
intraluminal, mural or exophytic, all with or without ul-
ceration. Intraluminal gut masses are frequently hidden
by gas or luminal content. More readily visualised are
exophytic masses, the problem is to assign them a gas-
trointestinal tract origin, if typical gut patterns (target or
pseudokidney) are not seen on ultrasound. Intraperitoneal
masses of varying morphology, which do not clearly arise
from the solid abdominal viscera or the lymph nodes,
should be considered to have a potential gut origin.
Classic sonographic features in Crohn’s disease are
wall thickening, strictures, mesenteric fat creeping, hyper-
emia, mesenteric lymphadenopaty. Mucosal abnormali-
ties and complications like inflammatory masses, fistula,
obstruction, perforation and appendicitis are also seen.
Luminal dilatation, intensive peristaltic waves, wall thin-
ing, above the stricture are seen in moderate and severe
stages of Crohn’s disease. Mesenteric fat creeping is the
most common cause found to explain bowel loop separa-
tion in Crohn’s disease as well as other forms of inflam-
matory bowel diseases (IBD). Doppler evaluation with or
without intravenous (i.v.) contrast medium can differenti-
ate inflammatory from ischemic bowel wall thickening’.
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Ultrasound (US) examination seems to be the best
method for screening and is preferred method in pediatric
population. Mesenteric lymphadenitis and acute ileitis is
the most frequent GI cause of misdiagnosis of acute ap-
pendicitis especially in pediatric population, conventional
US can help in differentiation between them. Recently
by using of the so-called US angiography it has become
possible to evaluate vascularization of the reinforced wall
of the affected portion of the small intestine as well and
thus also the activity of the inflammation®. Contrast - en-
hanced ultrasound (CEUS) is a special part of ultrasound
chapter. Untargeted CEUS’ uses untargeted microbubbles.
Microbubbles are injected intravenously into the systemic
circulation in a small bolus. The microbubbles will remain
in the systemic circulation for a certain period of time.
During that time, ultrasound waves are directed to the
area of interest. When microbubbles in the blood flow
past the imaging window, the microbubble’s compressible
gas cores oscillate in response to the high frequency sonic
energy field. The microbubbles reflect a unique echo that
stands in stark contrast to the surrounding tissue due to
the orders of magnitude mismatch between microbubble
and tissue echogenicity. The ultrasound system converts
the strong echogenicity into a contrast-enhanced image
of the area of interest’. Targeted CEUS works in a simi-
lar fashion, with a few alterations. Microbubbles linked
with ligands that bind certain molecular markers, are
expressed by the area of imaging interest.Targeted mi-
crobubbles are injected intravenously in a small bolus.
Microbubbles theoretically travel through the circulatory
system, eventually finding their respective targets and are
bound specifically’.

US enteroclysis using tap water and filling small bow-
el through nasojejunal tube, seems to have become the
standard examination of patients with Crohn's disease
mainly in those with unclear conventional ultrasound'.
The most important fact is that this examination signifi-
cantly decreases the radiation dose while maintaining
high sensitivity. This is very important in patients with
Crohn's disease who require repeated examinations life-
long examinations. This examination is much easier to
standardize than the conventional US'.

US enterography with small bowel prepared by drink-
ing of 500-1000 ml of the water has better patient accept-
ance in follow-up of inflammatory disease.

The role of sonography in the evaluation of GI tract
neoplasms is similar to that of CT scan. Sonograms are
frequently performed early in the diagnostic work- up of
patients with GI tract tumors, often before their initial
identification. Appreciation of the typical morphologies
associated with tumors may lead to accurate recognition,
localization and even staging of disease with the opportu-
nity for directing appropriate further investigation, includ-
ing sonography - guided aspiration biopsy’.

CTenteroclysis ( CTEc), Clenterography (CTEg). CT has
become a routine examination in the evaluation of gas-
trointestinal disorders because of rapid execution, its
accuracy with axial images and multiplanar reconstruc-
tion. Multislice CT has improved image quality and has
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reduced scan times. Primary requirements of CT examina-
tion should be pursued: visualisation of the entire small
bowel, adequate visceral distension, elimination of respi-
ratory motion and peristalsis, intravenous administration
of contrast agent to evaluate the extent and patterns of
wall enhancement. 12 hours fasting before examinaton is
needed. Abdominal CT without enteroclysis/enterography
is performed after ingestion of positive (iodine solution or
barium solution) or neutral (water) contrast agent within
1,5-2 hours before examination. Postprocessing uses mul-
tiplanar reconstruction (MPR), maximum intensity pro-
jection (MIP) and three-dimensional volume rendering
(3D VR) techniques. CT enteroclysis (CTEc) combines
the advantages of CT and CE into one technique''. CTEc
can be performed by using either positive enteral con-
trast agent without intravenous contrast agent or neutral
enteral contrast agent with intravenous contrast agent'?.
With either technique, bowel preparation includes low
residue diet 24 hours before examination and 6-12 hours
fasting before the examination. The placement of a 12-16
F nasojejunal tube under fluoroscopic control is needed
with or without conscious sedation and analgesia. In case
of positive enteral contrast agent the administration of
contrast material (iodine or barium solution) (ref.!?) is
performed through the nasojejunal tube either manually
or by automatic pump in total volume of 1500-2000 ml,
with an infusion rate of 55-150 ml/minute. For reducing
abdominal discomfort and avoiding spasm, a spasmolytic
agent (butylscopolamin or glucagon) is administered in-
travenously. In case of neutral contrast agent in CTEc,
the administration of VoLumen (E-ZEM/Bracco-low con-
centration of barium solution containing sorbitol) (ref.!?)
or polyethylenglycol (PEG) or Vidogum (Vidogum GH
250, CO ORD-Med,CZ) or water in a total volume 1500-
2000 ml (ref.'?). Rate infusion the same as in positive
enteral contrast agent is performed. Regardless of the kind
of enteric contrast agent, the CT scan is done 50 seconds
after intravenous administration of 150 ml of contrast
agent, at a rate 4 ml/s, total 150 ml (ref.'?). Hypodense
contrast medium ensures better definition of the internal
aspect of the small bowel, especially to evaluate the de-
gree of parietal contrast enhancement after intravenous
infusion contrast bolus''. The advantages of water include
lower cost and reduced viscosity, which allows a smaller
nasoenteral tube or faster infusion rates in CTEc'"", In
CT the normal thickness of the intestinal wall is barely
perceptible in a wall-distended segment and should be no
greater than 2-3 mm thick: during i.v. administration of
the contrast agent bolus, there is a normal enhancement
of the bowel wall. Inadequate contrast opacification of
the intestinal lumen and incomplete luminal distention
accounts for the majority of errors.

CT enterography (CTEg) is an alternative technique
to CTEc, where small-bowel filling is achieved with oral
hyperhydration with at least 1500-2000 ml of oral con-
trast agent. The choice of optimal enteric contrast agent
is important. Contrast agent must not only allow detec-
tion of enhancing bowel wall abnormalities, it must also
provide good luminal distension and be well tolerated by
patients'. In a prospective, randomized comparison of
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high-vs low- attenuation enteric contrast media in 90 con-
secutive patients without small-bowel disease, Erturk et
al. concluded that low-attenuation (neutral) oral contrast
media provided equal or superior distension and bowel
wall visualization compared to the high-attenuation (posi-
tive) contrast medium. For these reasons, neutral enteric
contrast agents are preferred when performing routine
CTEg". Neutral enteral contrast agents as water, PEG,
VoLumen, 2.5% solution of mannitol or sorbitol are well
tolerated by patients™. Wold et al."® found no significant
difference in the adequacy of luminal distension between
peroral water CTEg and CTEc. However, distention of
the small bowel with CTEg may not be as well-guaranteed
as that with CTEc. Patient discomfort associated with
nasoenteric intubation, time-consuming examination, ad-
ditional radiation exposure and requirement of technical
skills, makes CTEg preferred by patients to CTEc.In a
European series'® on CTEg, 20 (19%) of 106 study patients
were removed from the analysis because of poor or ab-
sent small-bowel distention. In a prospective comparison
between MR enteroclysis (MREc) and CTEc, the latter
showed higher sensitivity and interobserver agreement
for imaging signs of small-bowel disease's. The sensitivity
of CTEc for bowel wall thickening, abnormal bowel wall
enhancement, and adenopathy was 89%, 79%, and 64%,
respectively. For the same signs, the sensitivity of MREc
was 60%, 56%, and 14%, respectively. The interobserver
agreement for these signs varied between 0.52 and 0.65
for CTEc and between 0.15 and 0.48 for MREc?® . CTEc
is the only study that has been found to reliably help ex-
clude small-bowel strictures prior to capsule study. In re-
cent study of 56 patients with known Crohn’s disease,
CTEc and wireless capsule enteroscopy (WCE) both
depicted a substantial number of terminal ileal Crohn’s
lesions (24 with WCE vs 21 with CTEc), unlike those for
jejunal lesions (25 with WCE vs 12 with CTEc)". CTEc
has been of value in resolving the false-positive and false-
negative interpretations from nonenteral volume-chal-
lenged small-bowel studies that arise from the difficulties
associated with poor distention or peristalsis, simulating
wall thickening'®. There are some disadvantages of CTEc
- the discomfort associated with nasojejunal tube place-
ment may be improved with the use of local sedation and
smaller tubes. The logistics of performing CT when the
fluoroscopic suite is far from the CT area is inconvenient.
The use of CT units with fluoroscopic capabilities may
be more helpful when neutral enteral contrast material is
used for enteroclysis. Although CTEc requires additional
time for tube placement, the time for interpretation of this
examination is less than that required for other complex
CT studies. The addition of CT to enteroclysis increases
the cost of the procedure, and exposure of patients and
staff to radiation remains an importantissue even if newer
multidetector CT technology has improved dose efficien-
cy”. The invasiveness of the procedure raises concern for
complications such as bowel perforation, enteral contrast
material aspiration, or respiratory depression from seda-
tion. In some cases, the procedure cannot be performed
because of the inability to place the enteroclysis tube in an
adequate position or lack of patient cooperation (pediat-
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ric population). CT or CTEg is recommended for reveal-
ing congenital lesions. In patients with Crohn’s disease,
CTEg is increasingly used to detect enteric inflammation
in addition to extra-enteric complications'. Voderholzer
et al.? recently evaluated 56 patients with Crohn’s dis-
ease who underwent CTEc and WCE and found that,
for terminal ileal inflammation due to Crohn’s disease,
CTEc had a sensitivity of 67% and WCE had a sensitivity
of 80%. In a recent study comparing portal phase CTEg,
WCE, SBFT and ileocolonoscopy, researchers reported
sensitivities of 82%, 83%, 65%, and 74%, respectively, for
active Crohn’s disease but found that CTEg was more
specific than WCE?!. Findings such as mural thickening,
mural enhancement, increased attenuation of the peri-
enteric fat, and the “comb sign“ have been reported to
indicate active inflammatory Crohn’s disease??. Booya et
al.” found that jejunal attenuation is significantly higher
than ileal attenuation (113 HU vs 72 HU, p = 0.001) when
examining distended small-bowel loops at enteric phase
CTEg. Furthermore, collapsed jejunal and ileal loops have
greater attenuation than their distended counterparts (p
= 0.001). These small-bowel attenuation patterns are im-
portant for radiologists to recognize for evaluating the
patients with active Crohn’s disease, because segmental
mural hyperenhancement at CT and magnetic resonance
(MR) imaging is indicative of active inflammation*2°,
The most sensitive visual CT finding of Crohn’s disease
activity was mural hyperenhancement, which had a sen-
sitivity of 73-80% according to radiologist assessment?*.
Increased mural thickness had slightly lower sensitivity for
active Crohn’s disease, but was a more specific finding.
The comb sign (Fig. 2) and increased attenuation in the
perienteric fat were the most specific findings of active

Fig. 2. Active ileal Crohn’s disease in 33-year-old man.
Coronal enteric phase CT enterography with
positive luminal contrast agent, reveals luminal
narrowing, mural thickening and the prominence
of the mesenterial vessels “comb sign“ (arrow).
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disease?, while mucosal and submucosal abnormalities
(eg, vascular malformations, nonsteroidal anti-inflamma-
tory drugulcerations, and neoplasms) may be optimally
detected using invasive techniques such as WCE. Some
studies found CTEg compared favorably with WCE in
patients suspected of having Crohn’s disease and finding
that has also been suggested by other authors®*-?%. There
is emerging evidence that CTEg has a large impact on
clinical management decisions in patients with known
and suspected Crohn’s disease. Bruining and Fletcher'
found that CTEg findings correlated significantly better
with disease presence than did clinical symptoms and se-
rum markers of inflammation. In suspicion of Whipple’s
disease or celiac disease CTEc/ CTEg is also recommend-
ed®. A lot of reports have confirmed the effectiveness of
CTEc in the diagnosis of small-bowel neoplasmsref.'*° be-
cause of its ability to characterize the small-bowel wall, its
mesentery and the liver. More accurate determination of
primary or metastatic lesions involving the small bowel is
possible with CTEc compared with conventional (nonen-
teroclysis) CT (Fig. 3). However, if the indication is pain
or small-bowel obstruction, CT will usually be the first-line
examination®®*!-33. Although the accuracy of multidetec-
tor CT with neutral oral and intravenous contrast mate-
rial has improved, the detection of small nonobstructive
primary tumors requires optimal bowel distention that is
achievable with CTEc. CTEc has a complementary role to
WCE and push enteroscopy in screening for small polyps
in familiar polyposis and Peutz-Jeghers syndromes.

MR enteroclysis ( MREc), MR enterography (MREg). Mag-
netic resonance imaging (MRI) is the preferred diagnos-
tic procedure, due to the absence of ionizing radiation,

Fig. 3. Hemangioma of proximal ileal loop in 60- year-
old man with obscure gastrointestinal bleeding
(surgery approved).Coronal MIP reconstruction
of arterial-venous phase CT, a lot of punctate cal-
cifications in large mural and extramural enhanc-
ing lesion (arrow).
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excellent soft tissue resolution, its easy comparability for
the initial evaluation and the follow-up during the whole
life. An MRI unit needs multichannel and phased-array
coil, fast gradients, fast and ultrafast gradient echo and
steady state sequences. For proper examination patients
should fast for at least 5-8 hours and combined with 24
hours the low residue diet before the exam to decrease
bowel motion and peristalsis with the resulting blurring
artifact. Intraluminal contrast agents can be administered
perorally (MR enterography - MREg) or through naso-
jejunal tube (MR enteroclysis - MREc). Intraluminal
contrast agents are essential for lumen opacification and
distension, high contrast resolution between the lumen
and the bowel wall. Contrast agents have to have mini-
mal mucosal absorption, absence of artifacts, no signifi-
cant adverse effects and low cost’*. Numerous contrast
agents have been proposed, but there is no consensus
on the ideal one*. There are 3 main groups of intralu-
minal contrast agents based on provided signal intensity
depending on the used pulse sequence. Positive contrast
agents (high signal on T2 and T1-weighted images) are
gadolinium chelates, manganese chloride, ferrous ammo-
nium citrates, food products®*. Negative contrast agents
(low signal on T2 and T1-weighted images) are solutions
with Super Paramagnetic of Iron Oxides (SPIO) including
nanoparticles of maghemite in bentonite matrix® (Fig.
4 and 5) Ultrasmall Superparamagnetic of Iron Oxides
(USPIO). The third group are biphasic contrast agents
(low signal on T1 and high signal on T2-weighted images)
like polyethylenglycol (PEG), mannitol/sorbitol, water,
methylcellulose (Vidogum), locust bean gum **. The di-
lemma between using oral approach (MREg) which is
more acceptable by patients and the intubation-infusion
method (MREc) which is less tolerated in the absence
of conscious sedation, has not been resolved by the ra-
diologic community*®. The intubation of the patient and
positioning of nasojejunal tube is the most traumatic part
of MREc from the patient’s point of view. A majority of
authors prefer MREg in pediatric population with respect
to the more invasive MREc especially in follow-up of in-
flammatory bowel diseases and their complications®’.

Use of biphasic contrast agents are preferable®-*’in
MRECc as well as in MREg.

In MREc administration of 1500-2000 ml of PEG
solution through the tube manually or with automatic
pump is performed?®*. The infusion rates are the same as
in CTEc and should be monitored by ultrafast sequences
(MR fluoroscopy). MREg with peroral contrast can be
used as a diagnostic tool for evaluation of the small bowel
in patients with Crohn's disease and has the potential to
replace conventional enteroclysis as follow-up*. In the
case of MREg with biphasic contrast agent, the patient
drinks four 250-450 ml aliquots of PEG in 50 minutes
for a total amount 1000-1800 ml. PEG solution is pre-
pared dissolving granular powder containing 34.8 g PEG
4000 + 1.42 g anhydrous sodium sulphate + 0.42 g so-
dium bicarbonate + 0.36 g sodium chloride and 0.18 g
of potassium chloride in 500 ml of tap water*>. Another
form of biphasic peroral solution is 2.5% mannitol in total
amount 1000 ml. In one published study * the authors
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Fig. 4. Active ileal Crohn’s disease in 55-year-old-woman.
Coronal T2 SSFSE MR enterography with nega-
tive luminal contrast agent. Segment of affected
loop is without paraluminal fluid/abscess, mural
edema is more visible (arrow), homogeneous
dark lumen of not affected loops (arrowhead).

compared the bowel distension, acceptance, side effects
using the peroral agent - tap water, 0.7% bulk fiber laxa-
tive, 2.5% mannitol, locust bean gum alone, a combina-
tion of 2.5%mannitol with 0.2% solution of locust bean
gum for optimization of oral MR agent imaging the small
bowel. The poorest rate was for water alone, the best rates
were for mannitol and locust bean gum in or without com-
bination, inferior was bulk fiber laxative*’. Differences
between locust bean gum and mannitol were less defini-
tive with no statistical significance between combination
and the application of mannitol alone*’. MREg with nega-
tive contrast agents uses solution with USPIO or SPIO
nanoparticles, including nanoparticles of maghemite in
bentonite matrix (Fig.4 and 5) (ref.3*). Negative contrast
agents decrease the extent of noise and motion artifacts
related to the bowel peristalsis*** and improve the detec-
tion of intramural edema and extramural complications
(necrosis, fat edema, mesenterial edema, abscess forma-
tion or fistulas). The commercially available negative con-
trast agents,magnetic iron oxide nanoparticles (Lumirem,
Guerbet; Abdoscan, Nycomed) (ref.***7) are often used for
the peroral bowel MRI diagnostics.They are usually coat-
ed with an insoluble material (siloxane, polystyren,etc.)
and suspended in viscosity - increasing agent (starch or
cellulose) to prevent particles from aggregation and to en-
sure the homogenous contrast distribution throughout the
bowel. The synthesis of these composites is relatively dif-
ficult, resulting in their high price and, thus, limiting their
use in daily diagnostic practise. Our co-authors describe
a new negative contrast agent composed of superparamag-
netic nearly monodispersed maghemite nanoparticles in-
corporated in a layered aluminosilicate mineral (bentonite
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Fig. 5. Celiac sprue (biopsy improved) in 33-year-old-
woman. Coronal T2 SSFSE MR enterography
with negative luminal contrast agent, visible
mesenterial edema and mural edema in jejunal
loops (arrow), extraluminal free fluid, evaluation
of mesenterial vessels is impossible.

matrix). Bentonite (montmorillonite clay) as an insolu-
ble matrix is incorporated to the as- prepared maghemite
nanoparticles from ferrous acetate on the surfaces of
the mineral layers. Bentonite is natural, low-cost, read-
ily available and biocompatible aluminosilicate mineral
endowed with unique swelling, sorpsion, ion - exchange
and intercalation properties. The clay is known to be es-
sentially nontoxic and nonadsorable, established by the
Food and Drug Administration as Generally Recognized
As Safe (GRAS)?*. In clinical test (under surveillance
of ethical committee) 1000 ml of contrast suspension is
admninistered orally (400 mg maghemite nanoparticles,
4 g bentonite matrix, 500 ml fruity juice (HAMI apple/
carrote, Nutricia, CZ), 500 ml H20, 76.8 g PEG 4000
(Makrogol), 2.82 g NaS§, 0.84 g NaHCO,, 0.72 g NaCl,
0.36 g KC1) (ref.®).

Imaging protocol for 1,5 T MR unit (Siemens, GE):
patient is in prone position and before examination it is
useful to administer intravenously spasmolytics (butyls-
copolamin, glucagon) for reducing the bowel peristalsis
and prolonging small-bowel distension. Scout localizer
in 3 planes, transverse and coronal planes in T2 nad T1
sequences as SSFSE (single-shot fast spin-echo) or SSTSE
(single-shot turbo spin-echo) or HASTE (half-Fourier ac-
quired single-shot turbo spin echo), transverse and coro-
nal plane 3D FIESTA (Fast Imaging Employing Steady
State Aquistition) or 3D trueFISP (fast imaging with
steady-state precession) and then coronal plane fat satura-
tion T1 3D FAME (Fast Aquisition with Multiphase Efgre
3D) or 3D FLASH (fast low-angle shot) or 3D LAVA
(Liver Acquisition with Volume Acceleration) / 3D VIBE
(Volumetric Interpolated Breathhold Examination) with
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Fig. 6. Active ileal Crohn’s disease in 55-year-old woman.
Coronal T2 SSFSE MR enterography with bipha-
sic luminal contrast agent. Segmental affected
loop of terminal ileum with mural thickening
and luminal narrowing (arrow). Small bowel
loops without disease (arrowhead).

and without contrast media intravenously. SSTSE is fast
sequence appropriated for MR fluoroscopy and provides
T2 weighted images. 3D true FISP and 3D FIESTA se-
quences can provide motion-free high resolution T2 -like
images of mesenteries and entire small bowel within few
seconds®*. 3D T1 sequences as FLASH, VIBE, LAVA,
FAME, have high spatial resolution, fat saturation prepuls-
es facilitate the demostration of the bowel wall with high
signal intensity, after intravenous gadolinium administra-
tion increases the conspicuity of the normal bowel wall
and may permit lesion characterization by enhancement
pattern®. HASTE and SSFSE are heavily T2*-weighted
images with high contrast resolution, do not suffer from
susceptibility or chemical shift artifacts and provide bowel
wall with low signal intensity, but they are not appropriate
for evaluation of mesenteries (fat edema, vessels, lymph
nodes)*. The most important clinical application of
MREc and MREg is evaluation of Crohn’s disease (Figs.
4 and 6), other form of inflammatory diseases, malab-
sorption syndromes, small-bowel tumors and intestinal
obstruction** MREc and MREg can demonstrate all
abnormalities from the wide spectrum of findings in
Crohn’s disease, including early non-specific changes such
as mucosal nodularity or aphtous-type ulcers, longitudinal
or fissure ulcers, cobblestoning, intramural tracts, wall
thickening, luminal narrowing and prestenotic dilatation,
fibrofatty proliferation, mesenteric hypervascularity, the
“comb sign“, associated mesenteric lymphadenopathy
and/or complications such as fistula formation, phleg-
mon, abscess and can provide imaging evidence of disease
activity.Wall thickening, significant enhancement of mu-
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Fig. 7. Celiac sprue (biopsy improved) in 33-year-old
woman.Coronal arterial-venous phase gadolin-
ium-enhanced 3D T1- weighted MR enterography
with biphasic luminal contrast agent. Prominence
of mesenterial vessel, absent of luminal filling in
affected jejunal loops (arrow). Ileal loops are
without disease.

cosa, relatively hypointense submucosal edema are best
seen on postgadolinium images. The severity of disease
process can be ranked using the measurements of wall
thickening, the length of involved segment can be well
appreciated on trueFISP as well as 3DT1 FLASH with
fat saturation®*. Intramural thickening and extraluminal
infiltration are appropriately detected on MREc or MREg
with no statistically significant difference*. Comparing
CE and MREc, CE shows more mucosal and mural
abnormalities than MREc, but this difference was not
statitically significant,but CE was statistically superior
to MREg*. Superficial erosions, deep ulcers in the wall,
and pseudopolyps were statistically better delineated with
MREc than MREg*. No statistically significant differenc-
es were found in assessing the diagnostic efficacy between
MR examinations for the depiction of mural stenosis and
fistulas*>. The number of detected abscesses, fibrofatty
proliferation, lymphadenopathy, and skip enteral/colon-
ic lesions was significantly higher with MREc and with
MREg compared to CE*.

Another indication for MREc and MREg are the mal-
absorption syndrome, Whipple disease and celiac sprue
(Fig. 5 and 7), but definitive diagnosis is based on bi-
opsy*. Traumatic or congenital diaphragmatic hernia is
well depicted especially on MR using sagital and coronal
plane.The problem is the timing of the examination in
nonstabile traumatic patient®.

The role of MREc and MREg in detection of small
bowel neoplasms has not been fully established at present,
based on the limited experience with these rare tumors™.
MREc and MREg are very effective in diagnosing small
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bowel obstruction and in revealing the cause of the ob-
struction - postoperative adhesions, postradiation enter-
opathy, peritoneal carcinomatosis, Meckel diverticulum,
polyps and polyposis syndromes, benign/malignant ste-
nosis.

Endoscopic techniques in small bowel disorders
Ezofagogastroduodenoscopy (EGD). EGD is the initial test
for revealing duodenal disorders such as ulcers, inflam-
mation, reflux, intraluminal tumors, potentional sources
of obscure gastrointestinal bleeding (OGIB). Insertion of
fiberoptic endoscope through the mouth is comfortable
for small bowel biopsies (suspicion of celiac sprue), for
miniinvasive procedures (foreign body removal, stricture
dilataction, pancreatic pseudocyst drainage, sclerothera-
py, argon plasma coagulation). Jejunum and distal part
of small bowel are invisible because of the endoscope
length 135 cm.

Push enteroscopy.Push enteroscopy is an endoscopic pro-
cedure whereby a longer endoscope is inserted into the
jejunum through the mouth to evaluate a larger segment
of the small bowel. The indications are: looking for the
source of OGIB, tumors, inflammation, celiac sprue. This
endoscope has biopsy and therapeutic capabality.

Sonde enteroscopy. Sonde enteroscopy involves the use of
a long, flexible, fiberoptic instrument propelled through
the small bowel by peristalsis, this procedure may allow
for viewing the remainder of the small bowel. The sonde
instrument relies on a balloon placed at the instrument’s
tip. Peristalsis then advances the long flexible endoscope
to the distal small bowel and the endoscopic examina-
tion is performed during withdrawal. In contrast to push
enteroscopy this instrument has no biopsy or therapeutic
capability. Thus, this procedure is not commonly used
because of prolonged procedure time (more than 2 hours)
and the inability to perform biopsies or deliver therapy.

Double-balloon enteroscopy. This is a new endoscopic tech-
nique for evaluating the small bowel mucosa. This tech-
nique allows for more extensive examination of the small
bowel and also therapeutic capabilities. The endoscope
is 200 cm in length and has a balloon at the distal end. It
also uses a 145 cm flexible overtube with a balloon and
a pump controller to inflate or deflate the balloon. The
technique for advancement uses a push and pull method
with inflation and deflation of the balloons and telescop-
ing of the intestine onto the overtube. Double-balloon
enteroscopy can be used to perform the full range of en-
doscopic therapies including biopsy, tattooing, stricture
dilatation, foreign body removal and argon plasma coagu-
lation. This procedure is also long.

Intraoperative enteroscopy. Intraoperative enteroscopy dur-
ing laparotomy may be used in patients with suspected
OGIB. Endoscopic evaluation has been performed orally,
rectally, or through enterostomies at the time of lapa-
rotomy.
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Ileocolonoscopy. The colonoscope is 200 cm in the length
and it is inserted rectally. Retrograde approach through
Bauhin valve to distal ileum allows evaluation of the most
distal part of the small bowel. It has biopsy capability.

Wireless capsule enteroscopy (WCE). Although conven-
tional endoscopic examinations i.e. push enteroscopy,
ileocolonoscopy, are less sensitive for revealing obscure
small bowel lesions, these procedures will remain first
line techniques due to their general availability and their
provision of simultaneous treatment®. Sonde enteroscopy,
as a method for examining the entire small bowel, is today
replaced by WCE or double-ballon enteroscopy, whereas
virtual endoscopies based on new cross-sectional tech-
niques are still advancing. Segments of small intestine
that could not be reached by push enteroscopy and retro-
grade ileocolonoscopy, are now visualized by WCE using
biodegradable capsule swallowed by the patient. Capsule
follows through and obtains photographic images of small
intestine and transmits them via radiofrequency waves to
recorded device. The images are downloaded and viewed
on computer workstation. WCE detects more abnormali-
ties than small-bowel follow-through (SBFT) and capsule
examination is currently undergoing clinical trials. WCE
has been shown to be superior to both conventional ente-
roclysis (CE) and SBFT examination to find ulcerative le-
sions in patients with gastrointestinal bleeding®. However,
these techniques only provide indirect information on the
intestinal wall and adjacent extraintestinal structures,
unlike CT or MRI, which are able to assess mural and
extramural findings>'. WCE system is undergoing rapid
technical improvements that may relegate push enteros-
copy and intraoperative enteroscopy to those cases in
which biopsies or therapy are required. At the same time
enteroscopes for total enteroscopy are also improved and
may become more widely available, allowing biopsies and
therapy in all segments of the small intestine, without the
need for operative intervention®2. OGIB is the foremost
indication for WCE. In a pooled analysis, the capsule
study found an abnormality in 73% of patients, while the
other methods of investigation revealed only 41.5 % le-
sions causing the obscure bleeding®. For other indications
WCE identified lesions not identified by other methods
in 52.8% of patients®. There is no radiologic technique
to diagnose angioectasia, on WCE it is the common find-
ing explains obscure bleeding>. Comparative studies re-
ported in the gastroenterology endoscopic literature have
shown that WCE is the test with the highest yield in as-
sessing small-bowel source of bleeding and is superior to
SBFT, conventional CT, CT enterography (CTEg). CT
enteroclysis (CTEc) or CTEg have a second-line role in
the investigation of the probable source of bleeding from
the small bowel*'->3. Limitations are due to capsule reten-
tion, WCE is contraindicated in patients with suspected
bowel obstruction or stenosing Crohn’s disease, former
small bowel surgery, swallowing and motility disorders,
intestinal pseudoobstruction, esophageal, small and large
bowel diverticula, pacemaker and other electromedical de-
vices. WCE in patients without risk factors that preclude
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the performance of WCE, radiology may be left a limited
role and the future will show how the patency capsule will
affect the use of radiological investigations®”.

CONCLUSION

Small-bowel follow-through (SBFT) has currently only
a secondary role in small bowel imaging. Ultrasound and
MR enterography are still methods of choice for imag-
ing small bowel diseases in pediatric populations. US
and contrast-enhanced ultrasound are also accepted, as
a methods of choice, especially in inflammatory cases.
Abdominal CT can reveal exactly: congenital lesions,
hernias, polytraumatic abdominal conditions, obstruc-
tive small bowel diseases, as well as abdominal CT an-
giography. Conventional enteroclysis is replaced with
new cross-sectional imaging techniques CT enteroclysis/
CT enterography or MR enteroclysis/MR enterography.
Some authors prefer CT or MR enterographies with pero-
ral bowel preparation and they strictly avoid nasojejunal
intubation under fluoroscopic control. CT/MR enterog-
raphies techniques are preferred by patients in follow-up
of the inflammatory diseases, but radiologic community
is not unianimous about their role in the imaging process.
MR enteroclysis has better soft tissue contrast, showing it
to be far more sensitive in detecting mucosal lesions than
CT enteroclysis. CT and MR entroclysis are superior to
endoscopic methods in the investigation of small-bowel
tumors. Wireless capsule enteroscopy, push enteroscopy
and intraoperative enteroscopy give perfect imaging of the
mucosal surface of the small bowel in obscure gastrointes-
tinal bleeding and inflammatory diseases. Sonde enteros-
copy and double-balloon enteroscopy are not world-wide
used techniques and take a lot of time during the exami-
nation. Comparing endoscopic and radiologic approach,
radiologic techniques are less invasive for patients, they
take less time to investigate with the possibility of imag-
ing the entire small bowel. Some of them do not have any
radiation exposure (US, MR).Endoscopic methods are
not appropriate for congenital lesions, tumoral lesions
and traumas, but are preferable as first line for ulcers and
bleeding. Endoscopic methods are more expensive, more
invasive and need longer examination time, without radia-
tion exposure, but in the majority, there is the possibility
of performing biopsy. The current trend is an increase in
the radiologic approach.
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