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Abstract

Imaging of Crohn’s disease of the small

bowel is gradually moving away from barium
fluoroscopy and towards cross-sectional
modalities. This review explores the strengths
and limitations of various techniques, and
focuses on several current questions in small
bowel imaging, such as the comparison
between oral ingestion or nasojejunal
intubation and enteroclysis for introduction of
contrast, the use of computerised tomography
(CT) versus magnetic resonance (MR) and

the likely changes over the next decade.

Over the last decade, rapid technologi-
cal advances in cross-sectional imag-
ing modalities have combined with
increased numbers of scanners to enable
multiple new means of imaging the small
bowel. The previously established posi-
tion of small bowel barium enterocly-
sis (SBE) and barium follow-through
(BFT) is gradually being shifted towards
MR enteroclysis and enterography, and
CT enteroclysis and enterography. This
article will explore several current ques-
tions in imaging of small bowel Crohn’s,
evaluating the relative merits of the dif-
ferent imaging options, plus their limita-
tions and disadvantages. Ultrasound and
wireless capsule endoscopy (WCE) for
investigation of the small bowel will be
covered in separate articles.

Current important questions in radio-
logical imaging of small bowel Crohn’s
include:

1. When should we use conventional
barium techniques and when cross-
sectional techniques?

2. When should we employ MR
enteroclysisorenterographyasopposed
to CT enteroclysis or enterography?

3. Should we use nasojejunal intubation
or oral ingestion of contrast?

4. How do ultrasound and capsule
endoscopy fit in?

When should we use conventional
barium techniques and when
cross-sectional techniques?
The recently updated European evidence-
based Consensus on the diagnosis and
management of Crohn’s disease states
that ‘For suspected Crohn’s disease, ileo-
colonoscopy and biopsies from the termi-
nal ileum as well as each colonic segment
to look for microscopic evidence of
Crohn’s disease are first line procedures
to establish the diagnosis. Irrespective of
the findings at ileocolonoscopy, further
investigation is recommended to examine
the location and extent of any Crohn’s
disease in the upper gastrointestinal tract
or small bowel.”! Imaging is used at the
initial diagnosis and clinical relapse of
Crohn’s, mainly in an outpatient set-
ting.! 2 The technical factors affecting
the performance of different imaging
modalities are summarised in table 1, and
table 2 summarises the effect of this on
diagnosing features of Crohn’s. Barium
techniques outperform cross-sectional
in fine mucosal detail (figures 1 and 2).
One must, however, question the clinical
relevance of this advantage. The earliest
signs of Crohn’s terminal ileitis may be
less visible on MR and CT than fluoros-
copy, but are generally available to direct
inspection at endoscopy, which is even
more sensitive than barium and gener-
ally performed in combination with small
bowel radiology.>=

Cross-sectional modalities outperform
barium techniques in the clinically criti-
cal distinction between active, inflamma-
tory and chronic fibrotic disease, and in
detection of complications, such as fistula
and abscess, because of their ability to see
beyond the bowel mucosa and assess the
degree and pattern of contrast enhance-
ment (figures 3-9).677 Table 3 lists the fea-
tures associated with active, inflammatory
or with chronic, fibrotic disease.
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Table 1 Technical factors affecting the performance of
different radiological modalities

Barium MR CcT

Spatial resolution (fine mucosal detail) +++ ++ ++
Contrast resolution (soft tissue visibility) + +++ 4+
Use of intravenous contrast (enables assessment  No Yes Yes
of bowel enhancement pattern)

Missed pathology due to overlapping loops Yes No No

Table 2 Performance of different modalities in
diagnosis of features of small bowel Crohn’s?6-1543-51

MR enteroclysis/ CT enteroclysis/

SBE/BFT enterography enterography
Mucosal detail +++ ++ ++
Transmural inflammation  + +++ T+
Fistulation + +++ .
Extra-luminal changes ~ — +++ ——
Disease activity + ++ Tt

BFT, barium follow-through; SBE, small bowel barium enteroclysis.

Cross-sectional techniques, at least with enteroclysis,
are superior to barium in detection of disease proximal
to the terminal ileum (figures 2 and 3).'8

From a patient’s perspective, the preparation is simi-
lar for most of these examinations. Fasting for a few
hours prior to the procedure, often combined with a
restricted diet the day before, is common. CT and MR
involve usually two intravenous injections (buscopan
and intravenous contrast), which are not used at fluor-
oscopy. Renal impairment (relative contra-indication
to intravenous contrast) is seldom a problem in this
patient cohort. In addition, the pragmatics of moving
a patient from fluoroscopy, if performing enteroclysis,
to CT or MR for image acquisition generally means a
longer time spent at the hospital for the cross-sectional
modalities. For the oral techniques, barium tastes
somewhat better than most of the substances used for
MR and CT. These do not seem to be significant prob-
lems for most patients.

If the cross-sectional modalities have so many
advantages over barium, what is limiting their
employment? Many gastroenterologists and sur-
geons may have trained in an era of barium radiol-
ogy and may be more confident in interpreting these
images, so they prefer to request SBE/BFT. However,
increasing exposure of medical students and junior
doctors means that they demonstrate increasing com-
petence in interpreting cross-sectional anatomy, and
it is likely that this will translate into a preference
in their requesting behaviour as consultants over the
next decade (radiation doses are discussed in the next
section).

The major limitation in shift to cross-sectional
modalities is due to a combination of local radiologi-
cal expertise, access to scanner time and funding. The
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Figure 1 Excellent mucosal detail on a barium enteroclysis
demonstrates nodular jejunal Crohn’s.

Figure 2 Excellent mucosal detail on a barium enteroclysis,
but the tight jejunal stricture and ulceration are obscured by
overlapping bowel loops (same patient as figure 3).

traditional specialisation of radiologists according to
modality, such as fluoroscopy, has been increasingly
replaced by specialisation by system, such as gastroin-
testinal radiology, over the last decade. Current trainees
completing training with gastrointestinal specialisation
are likely to be fully conversant with CT and MR, as
well as ultrasound. Fluoroscopy is actually dwindling.
Being trained in the fluoroscopic appearances of small
bowel Crohn’s and the CT/MR appearances of fistu-
lae and abscesses means that employing CT and MR
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Figure 3 Coronal MR enteroclysis: (A) T1 fat-saturated, contrast-enhanced and (B) T2 images demonstrating a tight jejunal

stricture with a deep ulcer (arrows) (same patient as figure 2).

Figure 4 (A) Coronal and (B) axial T1 fat-saturated, contrast-enhanced T1 MR enteroclysis images demonstrating thickened ileal
wall with laminar enhancement (thick arrow), congestion of the vasa vasorum (comb sign, long, thin arrow) and deep ulcers (short,

thin arrow), features of active, inflammatory disease.

to look for the same findings is a relatively easy step.
There are no good data on consistency of quality in
this field, but reported inter-observer agreement for
MR enteroclysis, MR enterography and CT enterog-
raphy is good.” #172° There are technical requirements
for performance of small bowel imaging on CT and
MR (multislice CT, good gradients and software on
MR), but most departments have adequate equipment
for one or both.

The costing and funding of radiological procedures
is an obscure art! The ‘cost’ of performing an inves-
tigation is derived locally within trusts, and depends
on many factors, such as numbers of procedures per-
formed, equipment and staff time. A shift from, for
example, SBE to MR enteroclysis could result in each
remaining SBE actually ‘costing’ more: the equipment
and staff are still present even if the room is used less
frequently. However, National Health Service (NHS)
finance structures tend not to reflect these changes rap-
idly. In our department, the cost of an MR enteroclysis

(£268) is slightly higher than an MR enterography or
BFT (both £241). An SBE is lower at £195 and a CT
enteroclysis costs just £133. These numbers could be
radically different in different departments. For exam-
ple, in one other district general hospital in England,
small bowel enema and BFT both cost £94, CT ente-
roclysis £131 and MR enterography £195, the other
examinations not being offered (personal communica-
tion, Craig Forster, Head of Radiology, Royal United
Hospital Bath NHS Trust). Diagnostic imaging, after
a brief ‘fling’ of unbundling in the 2009-2010 finan-
cial year, is now re-bundled into inpatient and outpa-
tient tariffs. There is no specific Office of Population,
Censuses and Surveys Classification of Surgical
Operations and Procedures (OPCS) code for MR ente-
roclysis or enterography. An MRI ‘requiring extensive
patient repositioning and/or more than one contrast
agent’ attracts reimbursement of £298 multiplied by
the local Market Forces Factor (a sort of ‘London
weighting’ for fees). This would be the reimbursement
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Figure 5 CT enteroclysis contrast-enhanced axial image
demonstrating laminar enhancement of thickened terminal ileal
wall (arrow), features of active inflammatory disease.

Figure 6 Coronal reformatted image of contrast-enhanced
CT enteroclysis demonstrating laminar enhancement of
thickened terminal ileal wall (thin arrow), with a small abscess
in the mesentery (thick arrow).

from the primary care trust for a general practitioner
direct access MR enteroclysis. However, since small
bowel imaging is a specialist area, it tends not to be
done via general practitioner direct access, and so is
bundled into the in/outpatient tariff (£268 for the first
gastroenterology appointment). Hence, the combina-
tion of the local cost of each procedure, plus limita-
tions in access with waiting time targets, will dictate
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Figure 7 Axial T1 fat-saturated, contrast-enhanced image
of a pericolic abscess (arrow) detected on an MR enteroclysis
looking for small bowel Crohn’s.

Figure 8 Axial T1 fat-saturated, contrast-enhanced MR
enteroclysis image demonstrating a sinus (arrow) into the
jejunal mesentery.

the ability of departments to provide these examina-
tions, even assuming local expertise.

In the emergency setting, with suspected perfora-
tion, abscess or high grade small bowel obstruction, a
conventional contrast-enhanced CT of the abdomen is
adequate and most easily organised.

When should we employ MR enteroclysis or
enterography as opposed to CT enteroclysis or
enterography?

There is little literature on the performance of MR
enteroclysis or enterography compared with CT
enteroclysis or enterography.?’->> What evidence is
available suggests little difference in Crohn’s disease.
Horsthuis et al** performed a large meta-analysis of
prospective studies employing ultrasound, MR, scin-
tigraphy or CT in inflammatory bowel disease. This
included studies not specifically involving enteroclysis
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Figure 9 Axial MR enteroclysis demonstrating an ileo-ileal fistula. (A) T1 fat-saturated, contrast-enhanced image demonstrating
an inflamed terminal ileum (thick arrow) with a fistula passing to another ileal loop (short, thin arrow). (B) T2 image demonstrating a

trace of fluid within the fistula (long, thin arrow).

Table 3 Features at cross-sectional imaging associated with active,
inflammatory and chronic, fibrotic disease patterns’ -7 5052

Active, inflammatory Chronic
Wall thickening >4 mm + +
Wall oedema™ +
Wall submucosal fat* +
Increased wall enhancement  + (marked, often stratified) ~ + (mild)
Ulceration +
Mesenteric vascular +
engorgement (comb sign)
Mesenteric oedema +
Abnormally enhancing +

mesenteric nodes
*MR is superior to CT for distinguishing between wall oedema and fat.

or enterography techniques. On a per-patient basis, the
mean sensitivity estimates for the diagnosis of inflam-
matory bowel disease were high (84.3-93%) for all
four modalities. Mean per-patient specificity estimates
were high (92.8-95.6%) and not significantly differ-
ent for US, MR and CT. CT was, however, less sensi-
tive and less specific on a per-bowel-segment basis.
The main and critical difference between MR and
CT is in radiation dose. MR enterography uses no ion-
ising radiation whatsoever. MR enteroclysis requires
only a trivial dose for fluoroscopic guidance of naso-
jejunal intubation (0.005-0.01 mSv in our institution,
personal data, 2005). CT enteroclysis and enterogra-
phy involve a large radiation dose, which will vary with
scanner and technique but usually lies around 10-15
mSv.2* This should be compared with the dose from
BFT and SBE of around 1.5-6 mSv.? 2¢ The lifetime
risk of induction of a fatal cancer from irradiation of
an adult patient is 1 in 20 000 per mSv and may vary
with the age and sex of the patient.”” *® The cumula-
tive effective radiation dose was over 75 mSv in 15%
Crohn’s patients in one study.” Thus, while a shift
from barium techniques to MR practically removes the
risks of the radiation, a shift instead to CT increases
radiation burden dramatically. Taking into considera-
tion the necessity of repeated examinations over the

years in often young patients, this is a very strong argu-
ment in favour of MR techniques, and a counsel of
caution in transferring all barium examinations to CT
where MR access is limited.

In an acutely unwell patient, with clinical suspicion
of a perforation or abscess, the requirement for prompt
imaging may necessitate CT, and a contrast-enhanced
CT with oral contrast should suffice. CT enteroclysis
or enterography could be useful in the minority of
patients who are claustrophobic, or have other contra-
indications to MR such as metallic foreign bodies.

Should we use nasojejunal intubation or oral
ingestion of contrast?
There is no doubt that most patients dislike nasojejunal
intubation.*® There is also no doubt that demonstra-
tion of abnormality of the small bowel is made with
more confidence in distended bowel, and that jejunal
distension, at least, is significantly better using ente-
roclysis techniques (figures 10-12).6 31 32 However,
on a per patient basis, the clinical significance of this
difference is difficult to demonstrate.' 33 3* This could
be because there is no clinical significance, but is more
likely because the number of patients with, for exam-
ple, isolated and non-obstructive (obstructing lesions
will usually be adequately demonstrated without
intubation) jejunal Crohn’s disease is very low, and
the existing studies have not been powered to detect
this difference. Of note, Horsthuis et al’s>® meta-anal-
ysis did demonstrate a significantly higher sensitivity
of MR enteroclysis above MR enterography in diag-
nosing inflammatory bowel disease. It then becomes
something of a philosophical question as to whether
the discomfort of intubation is justified. Pragmatists
may favour oral ingestion, while purists may favour
intubation. Most departments will carry over their his-
torical fluoroscopic preference for either nasojejunal
intubation or oral ingestion to CT and MR examina-
tion of the small bowel.

Classically, it has been thought that Crohn’s disease
affects small bowel proximal to the terminal ileum in
about 10% of patients.! However, WCE detects more
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Figure 10 Coronal T2 image from an MR enteroclysis
demonstrating excellent jejunal distension and detail.

disease here than other modalities.*=” Given the diffi-
culty of detection, the true prevalence here is not clear.
In one study comparing SBE and MR enteroclysis,
jejunal disease was detected in approximately half the
patients.'® The clinical importance of detection of mild,
non-obstructive jejunal disease should be used to guide
the decision to perform enteroclysis or enterography.
There are few data available on which tests are actu-
ally being performed in the UK. A recent postal survey
of UK centres’ use of small bowel imaging investiga-
tions yielded only a 27% response rate.’® The results
are, therefore, difficult to extrapolate. BFT remains the
most commonly employed investigation for suspected
Crohn’s and follow-up, with CT for suspected extra-
luminal complications. MR and ultrasound are used
less frequently, mainly in younger patients. CT ente-
roclysis and MR enteroclysis are available in only 11%
of responding departments, mainly teaching hospitals.
If radiologists with a special interest are more likely to
respond to postal surveys, then the real dissemination
of these techniques nationwide could be even lower.

How do ultrasound and capsule endoscopy fit in?
Ultrasound is a very user dependent modality, and con-
vincing illustrative demonstration of pathology to refer-
rers is much more difficult than with other radiological
techniques. However, in expert hands, ultrasound is
capable of demonstrating the features of Crohn’s and is
especially reliable for terminal ileitis, less so for proxi-
mal lesions. This is discussed in a separate article in this
edition. Ultrasound expertise for small bowel imaging
does tend to be limited to a few enthusiastic centres,
and lateral dissemination has been slow.

WCE is more sensitive than barium, CT or MR for
the demonstration of early mucosal abnormalities in
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Figure 11 Coronal T2 image from an MR enterography
demonstrating collapsed jejunal loops, which could obscure
pathology. Much of the ingested contrast is in the stomach and
colon.

Crohn’s.?7 3 However, the clinical significance of
minor mucosal lesions identified at WCE is some-
times uncertain, with frequent findings in asympto-
matic individuals.** WCE does appear more sensitive
in detection of lesions proximal to the terminal ile-
um.** 374! The risk of capsule impaction at strictures
can be avoided by prior radiological exclusion of
strictures or by a dummy capsule run. One advantage
of the radiological examinations is the elegant dem-
onstration of the anatomical distribution of disease
not gained at WCE. However, these should be seen as
complementary examinations. Where radiology has
been equivocal, or unexpectedly normal, a WCE can
clarify and reveal more subtle changes.

Summary and the future

Barium radiology has probably had its day. There is little
prospect of significant technological progress, and radi-
ology trainees are becoming more competent in other
modalities. Fluoroscopy remains a useful problem solving
technique, but routine imaging of the small bowel should
move to cross-sectional modalities over the next decade.
In departments where there is relatively easy access to
CT and MR scanner time for body investigations, and
where local health finances support patient-centred
best practice, then the advantages of demonstration of
transmural and extraintestinal abnormalities plus more



Figure 12 Coronal T2 image from an MR enteroclysis
demonstrating nodular jejunal Crohn’s in well-distended
jejunal loops (arrow). MRE, magnetic resonance enteroclysis/
enterography.

accurate distinction between active, inflammatory and
chronic, fibrotic disease mean that we should choose
MR enteroclysis or enterography and CT enterocly-
sis or enterography above SBE/BFT in most Crohn’s
patients, at initial diagnosis and staging of extent and
in recurrence/relapse. Some progress is being made in
low dose techniques to reduce the radiation from CT
examinations.** However, the reduced radiation burden
from MR means this should be the technique of choice.
MR will develop further, with definition of the roles of
MR fluoroscopic sequences to define stricture morphol-
ogy, as well as diffusion and perfusion techniques. CT
should ideally be confined to imaging of suspected acute
complications, and patients in whom MR is contraindi-
cated. The reality, of limited access to scanner time and
funding difficulties, means that many departments cur-
rently either do not offer the cross-sectional techniques,
or only in selected patients, such as the very young with
complex disease requiring multiple investigations. One
should certainly endeavour not to perform double inves-
tigations, with a barium study to look at the mucosa
and a CT to exclude an abscess, but combine into one
cross-sectional study. It must be hoped that future costs
will truly reflect the expense, but also the value, of more
specialised radiological procedures, enabling a genuine
‘market’, perhaps with a minority of centres offering a
tertiary service at a sustainable rate.
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