
relapse and to form complications such as stric-
tures, abscesses and fistulae. Lesions may be seg-
mental, transmural, and located in the entire gas-
trointestinal tract, from mouth to rectum. Bowel 
inflammatory changes in children are mostly locat-
ed in the ileocecal area and in the colon. In about 
15% of children, lesions may be found only in the 
small bowel  [1–6]. Therefore, it is important to 
evaluate the entire gastrointestinal tract (with pos-
sible complications that appear beyond the intesti-
nal lumen). And yet, the conventional endoscop-
ic examinations allow only the macroscopic and 
histopathological evaluation of the upper (from 

Crohn’s disease belongs to the group of in-
flammatory bowel diseases of unknown etiolo-
gy and pathogenesis, but genetic, immunological 
and environmental factors (such as intestinal bac-
teria) are relevant. The disease can be diagnosed at 
any age, but the peak prevalence occurs in young 
people between 15 and 40  years of age. Approx-
imately 15–25% of patients have been diagnosed 
prior to adulthood, and the number of new cases 
among children and adolescents has been increas-
ing in the past 10 years. Currently, it is estimated 
at 1–8/100,000 (an average of 3/100,000). Crohn’s 
disease is a chronic condition with a  tendency to 
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Abstract
Background. In pediatric patients Crohn’s disease most commonly involves the colon and the ileocecal part of the 
intestine. MR enterography, a new method of small bowel imaging with magnetic resonance, has been introduced 
in the last decade.
Objectives. The aim of this study was to assess the usefulness of the MR enterography in the diagnosis of small 
bowel lesions in children with Crohn’s disease.
Material and Methods. The study included 37 children (18 girls and 19 boys) aged from 5.5 to 18 years (aver-
age age, 13.3), diagnosed with Crohn’s disease according to the Porto criteria. The disease duration ranged from 
1 month to 12 years, on average 3 years. MR eterography was performed according to the Giles et al. protocol. 
The obtained results were compared with the location and the manifestation of the disease according to the Paris 
classification.
Results. In 13 children (35.1%), the disease began prior to 10 years of age, and in the remaining 24 children (64.9%) 
between 10 and 17 years of age. The gastrointestinal endoscopy confirmed Crohn’s disease in the colon (45.9%) and 
in the colon and ileum (27.1%). An incomplete colonoscopy examination which did not reveal the location of the 
disease was conducted in 7 children (18.9%). A comparison of the location of Crohn’s disease with the location of 
lesions in the small bowel as indicated by MR enterography revealed that the most common changes can be found 
in the final part of ileum, in ileum, and in 4 children in jejunum. MR enterography demonstrated, that 16 children 
(43.2%) had inflammation, 7 children (18.9%) stenosis, and 14 children (37.8%) had no lesions at all.
Conclusions. MR enterography is a non-invasive and safe procedure well tolerated by children that allows the visu-
alization of lesions in the small bowel in children with Crohn’s disease (Adv Clin Exp Med 2016, 25, 1, 111–115).
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esophagus to the descending duodenum) and of 
the lower gastrointestinal tract (from the rectum 
to the terminal ileum), while the major part of the 
small bowel remains not depicted. Double-bal-
loon enteroscopy is an examination likely limit-
ed in children due to its length, need of patients’ 
sedation and low availability. Therefore, the small 
bowel imaging is dominated by radiological meth-
ods ranging from an X-ray with barium contrast, 
classical enteroclysis, new ultrasound technology, 
capsule endoscopy, computed tomography and, fi-
nally, magnetic resonance imaging. These exami-
nations have their own disadvantages, advantages 
and limitations – especially in children (e.g. diffi-
culty swallowing a capsule, the risk of choking, re-
duced value of the ultrasound examination when 
detecting pathologies located outside the distal end 
of the ileum). However, regardless of the diagnos-
tic results, examinations that expose children to 
ionizing radiation should be limited.

In patients diagnosed with the inflammato-
ry bowel disease prior to 17 years of age, the risk 
of developing malignant neoplasms, as a result of 
received, accumulated radiation doses, is twice as 
high as in adults. This is influenced by the dura-
tion of the disease, whose course requires repeated 
testing of its subsequent exacerbations, as well as 
by the higher rate of cell division in young organ-
isms. Patients who have developed Crohn’s disease 
are particularly vulnerable, because the accumula-
tion of a risky dose (adopted as ≥ 50 mSv), occurs 
in more patients than in ulcerative colitis (by Cha-
tu 11.1% vs. 2%), [4, 7–10].

Therefore, in the diagnosis of inflammatory 
bowel diseases, especially in children, methods of 
imaging the small bowel with magnetic resonance 
(MRI) are becoming increasingly important, as 
they do not expose patients to ionizing radiation.

According to the Port criteria from 2005, the 
inflammatory bowel disease in children is diag-
nosed with an endoscopic examination of the up-
per and lower gastrointestinal tract (full ileocolo-
noscopy), along with a biopsy for histopathological 
evaluation, and with a contrast radiology that de-
picts the small bowel (the latter is applicable, unless 
there is a suspicion of ulcerative colitis) [11]. How-
ever, the European Crohn´s and Colitis Organisa-
tion (ECCO) in its guidelines from 2010, apart 
from conducting ileocolonoscopy and endoscopy 
of the upper gastrointestinal tract with sampling 
numerous stretches for histopathological examina-
tion, stresses the essential role of the small bowel 
imaging with alternative to X-ray examinations to 
avoid exposure to ionizing radiation. If available, 
MR contrast examinations (enterography and en-
teroclysis) are the preferred method of choice in 
fistulas and abscesses imaging  [1, 6, 10–11]. MR 

enterography is better tolerated and less aggravat-
ing for patients, which is particularly important in 
children [4, 7].

Objectives of the Work
The aim of this study was to evaluate the useful-

ness of MR enterography in the diagnosis of small 
bowel lesions in children with Crohn’s disease.

Material and Methods
The analysis included 37  children from 5.5 

to 18  years of age, with mean age of 13.8  years, 
18 girls (mean age 14.4 years) and 19 boys (mean 
age 13.3  years), diagnosed with Crohn’s disease 
according to Porto criteria  [11]. The duration of 
the disease that allowed us to perform the enterog-
raphy ranged from 1 month to 12 years, on aver-
age 3 years. The MR enterography was performed 
in children during the period of clinical improve-
ment, 1–2 months after the endoscopic examina-
tion of the upper and lower part of the gastrointes-
tinal tract. MR enterography was performed based 
on the Giles et al. protocol [8] in their own modifi-
cation. On the day before the examination patients 
went on a  liquid diet, they received warm soup 
5 times a day and drank from 1.5 to 2 L of water. 
The procedure was performed in the morning, on 
an empty stomach with an intravenous gadolini-
um-containing contrast.

Small bowel was evaluated in fat-suppressed 
T1- and T2-weighted images and in 3D projection 
after administration of contrast in T-weighted im-
ages. The obtained results were compared with the 
clinical manifestation of the disease and the endo-
scopic location of inflammatory lesions according 
to the Paris classification [2].

Results
In 13  patients (35.1%) Crohn’s disease be-

gan prior to 10 years of age (A1a), and in the re-
maining patients (64.9%) from 10 to 17  years of 
age (A1b) (Table 1). Ileocecal localization (L1) of 
the disease was reported in 3 children (8.1%), small 
bowel inflammation was reported in 2  children 
(66.7%), stenosis in 1  child (33.3%). The average 
age of patients in this group was 13.8 years. Anoth-
er 17 patients (45.9%) were younger (average age 
of 8.3 years), and they were diagnosed with lesions 
only in the colon (L2). In 47.1% of patients were 
diagnosed with lesions in the small bowel: 35.3% 
had inflammation, 11.8% stenosis, and 52.9% had 
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correct small bowel. Another group of 10 patients 
(27%) had endoscopic changes in both the small 
and large bowel (L3) –  average age of this group 
was 12.6  years. In 60% of patients enterography 
presented lesions in the small bowel such as inflam-
mation (50%), stenosis (10%), and the small bow-
el were correct in 40%. In 7  patients (18.9%) the 

colonoscopy was incomplete and did not include 
the terminal ileum, more than 85% of patients in 
enterography presented lesions in the small bow-
el (in 42.8% inflammatory and in 42.8% stenosis) 
(Table 2 and 3). 46% patients had perianal lesions 
and fistulas. MR enterography revealed lesions in 
the small bowel and confirmed Crohn’s disease in 

Table 1. Characteristics of patients

Age at the 
time of 
diagnosis
(years) 

No.  
of children 

Age (years)  Gender Duration of the  
disease (years) 

from–to average girls
(18)

boys
(19)

age
from–to 

average 
age 

age
from–to

average 
age 

from–to average 

< 10 13 (35.1%) 1.1–9  5.8 1.1–8  5.3  3–9  7.0 0.16– 12 4.4

> 10< 17 24 (64.9%) 10–17 13.4 10–17 13.3 10–16 13.5 0.1–8 2.3

Total 37(100.0%) 1.1–17 11.0 1.1–17 11.2  3–16 10.8 0.1–12 3.0

Table 2. Comparison of endoscopic localization with lesions in small bowel in the magnetic resonance enterography

Endoscopic localization
(Paris classification)

No.  
of children

Location of lesions in small bowel in MR enterography 

jejunum ileum final section of 
ileum

no lesions 

n % n % n % n % n %

Ileum ± cecal disease (L1)      38.1 0  0 2* 66.7*  3 100  0  0

Colonic (L2)   1745.9 3 17.6 0  0  5  29.4  9 52.9

Ileocolonic (L3)   1027.1 1 10.0 2* 20.0*  5  50.0  4 40.0

Isolated to the upper disease 
(L4a and L4b)

   0 0 0  0  0

Incomplete colonoscopy    718.9 1 14.3 1 14.3  4  57.1  1 14.3

Total 37 100.0 5 13.5 5* 13.5* 17  45.9 14 37.8

*lesions affecting 2 sections were confirmed in 4 children (ileum and the final part of the ileum).

Table 3. Comparison of endoscopic localization with results of disease manifestation in MR enterography of small bowel in 
children

Endoscopic localization 
(Paris classification) 

No.  
of children 

Average 
age
(years)

Lesions in small bowel revealed in MR enterography 

inflammatory stricturing penetrating no lesions

n % n % n % n % n %

Ileum ± cecal disease (L1)  3   8.1 13.8  2 66.7 1 33.3 0 0  0  0

Colonic (L2) 17  45.9  8.3  6 35.3 2 11.8 0 0  9 52.9

Ileocolonic (L3) 10  27.1 12.6  5 50.0 1 10 0 0  4 40.0

Isolated to the upper disease 
(L4a and L4b)

 0  0 0 0  0

Incomplete colonoscopy  7  18.9 12.9  3 42.8 3 42.8 0 0  1 14.2

 Total 37 100.0 11.2 16 43.2 7 18.9 0 0 14 37.8
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13 patients (35.1%), in whom the endoscopic ex-
amination had revealed lesions only in the colon, 
or had not revealed ileum. The examination of the 
clinical manifestation of Crohn’s disease presented 
a nonconstrictive and nonpenetrating form of dis-
ease (B1) in 22 examined patients (59.5%); half of 
them had small bowel inflammation, 9.1% steno-
sis, and 40.9% no lesions at all.

In 83.3% of patients with the structuring man-
ifestation of Crohn’s disease had stenosis. 50% of 
patients with a  penetrating manifestation of dis-
ease (B3), had a correct small bowel (Table 4).

In 3 patients (8.1%) with stricturing and pen-
etrating manifestation of disease (B2B3) MR en-
terography revealed inflammatory changes in 
66.7%, while the remaining patients had no lesions. 
Perianal lesions (p) occurred in 45.9% of children, 
35.3% had inflammatory changes, 19% had fistulas 
and 11.8% stenosis. Moreover, 40.5% of children 
with Crohn’s disease presented of growth delay 
(G1), and 17.3% had other abnormalities – mostly 
inflammation in the small bowel (53.3%) or steno-
sis (20%) (Table 4).

Discussion
MR small bowel imaging in children with 

Crohn’s disease is an extremely useful examination 
allowing for the evaluation of the gastrointestinal 
tract sections which are inaccessible in endoscop-
ic evaluation. The quality of MR and CT examina-
tions is similar, but MR does not expose patients 
to harmful ionizing radiation. MR enterography 
most often reveals irregularities such us the bow-
el wall thickening, bowel stenosis, swollen lymph 
nodes, as well as parenteral complications of the 
disease such as abscesses or fistulae [5, 6].

MR examination allows for a  better evalua-
tion of the inflammatory activity and fibrosis in 

intestinal walls. In the chronic course of the dis-
ease intestinal wall stratification is blurred, which 
is an irreversible process called a progressive fibro-
sis. Moreover, there is a progressive steatosis and 
fibrous proliferation of adipose tissue demonstrat-
ed by heterogeneous signal near intestinal fat. The 
acute phase of Crohn’s disease is indicated by ir-
regular bowel outer contours, increased signal af-
ter administration of contrast in T1-weighted im-
ages, layering walls, high signal in T2 imaging in 
the submucosal layer – edema – image of the disc 
and mesenteric hypervascularisation. It is essen-
tial to plan further therapeutic procedures such 
as the pharmacological treatment intensification 
or a  surgical procedure  [3–6]. Analyzing the val-
ue of the MR enterography in pediatric patients, 
Silverstein et  al. demonstrated its high specificity 
and positive predictive value for terminal ileitis. 
The severity of inflammation on MRE had a statis-
tically significant positive correlation with PCDAI 
(Pediatric Crohn’s Disease Activity Index). Sauer 
et al. [13] presented that in pediatric Crohn’s dis-
ease the active inflammation on MRE is associated 
with a higher C-reactive protein, erythrocyte sedi-
mentation rate, platelets and lower albumine.

In our studies, MR enterography was an im-
portant complement to diagnostic examinations. 
In the group of patients with ileocecal Crohn’s dis-
ease (L1), MR enterography allowed us to deter-
mine the types of lesions – less than 67% of them 
were inflammation, other lesions were stenosis. 
However, in the group of patients with confirmed 
endoscopic lesions only in the colon (L2), MR en-
terography allowed us to reveal inflammation also 
within the small bowel in more than 47%. In over 
85% of patients who had undergone an incom-
plete endoscopic examination of the lower part 
of the colon that did not involve ileum termina-
le, MR enterography revealed inflammation in the 
small bowel. MR enterography revealed lesions 

Table 4. Comparison of clinical manifestation of Crohn’s disease with disease manifestation in MR enterography of small 
bowel in children

Clinical manifestation of the disease
(Paris classifications) 

No. of chil-
dren 

Lesions in small bowel depicted in MR enterography 

inflammation stricturing penetrating no lesions 

n % n % n % n % n %

Nonconstricturing, nonpenetrating (B1) 22 59.5 11 50.0 2  9.1 0 9 24.3

Stricturing (B2)  6 16.2  0 5 83.3 0 1 16.7

Penetrating (B3)  6 16.2  3 50.0 0 0 3 50.0

Penetrating and stricturing (B2B3)  3  8.1  2 66.7 0 0 1 33.3

Perianal disease modifier (p) 17 45.9  6 35.3 2 11.8 0 9 52.9

Growth delay (G1) 15 40.5  8 53.3 3 20.0 0 4 26.7
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in the small bowel and confirmed Crohn’s dis-
ease in 13  children (35.1%) in which endoscopic 
examination had revealed lesions only in the co-
lon, or in which ileum had not been depicted in 
the colonoscopy.

MR enterography, despite its many advantag-
es, is not without flaws. Some patients need to be 
sedated before the examination due to the fact that 
it is often longer than CT and can be difficult to 
tolerate by patients suffering from claustrophobia 
(contrary to the CT examination which is shorter 
and not conducted in a tunnel-like machine). The 
only absolute contradiction to the MR examination 

is the presence of a pacemaker, while relative con-
traindications include the presence of solid metal 
components in a patient’s body [3, 6, 14].

Analyzed patients tolerated both the magnet-
ic resonance imaging enterography itself as well 
as the preparation for the procedure. All patients 
were able to take the required amount of oral flu-
ids, and despite the fact that the youngest patient 
was 5.5 years old, they did not require sedation.

The authors concluded that MR enterography 
is a  non-invasive, safe method and well tolerated 
by children, which allows the visualization of the 
small bowel lesions in pediatric Crohn’s disease.

References
 [1] Van Assche G, Dignass A, Reinisch W: The second European evidence-based Consensus on the diagnosis and 

management of Crohn’s disease: Special situations. J Crohns Colitis 2012, 4, 63–101.
 [2] Levine A, Griffiths A, Markowitz J, Wilson DC, Turner D, Russel RK, Fell J, Ruermmele FM, Walters T, 

Sherlok M, Dubinsky M, Hyams J: Pediatric Modification of the Montreal Classification for Inflammatory Bowel 
Disease: The Paris Classification. Inflamm Bowel Dis 2011, 17, 1314–1321.

 [3] Amitai MM, Ben-Horin S, Eliakim R, Kopylov U: Magnetic resonanse enterography in Crohn’s disease: A guide 
to common imaging manifestations for the IBD physician, J Crohns Colitis 2013, 7, 603–615. 

 [4] Sanka S, Gomez A, Set P, Rimareva N, Davies RJ, Rolfe P, Noble-Jamieson G, Torvente F, Heuschkel R, 
Zilbauer M: Use of small bowel MRI enteroclysis in the management of paediatric IBD. J Crohns Colitis 2012, 6, 
550–556.

 [5] MGee MS, Nimkin K, Hsu M, Israel EJ, Biller JA, Katz AJ, Mino-Kenudson M, Harisinghani MG: Prospective 
evaluation of MR enterography as the primary imaging modality for pediatric Crohn’s disease assessment. AJR Am 
Roentgenol 2011, 197, 224–231.

 [6] Martin DR, Lauenstein T, Sitaraman SV: Utility of Magnetic Resonance Imaging in Small Bowel Crohn’s Disease. 
Gastroenterology 2007, 133, 385–390.

 [7] Markova I, Kluchova K, Zboril R, Mashlan M, Herman M: Small bowel imaging – still a radiologic approach? 
Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub 2010, 154, 123–132.

 [8] Giles E, Hanci O, McLean A, Power N, Cole A, Craft NM, McDonald K, Chippington S, Naik S: Optimal Assessment 
of Paediatric IBD With MRI and Barium Follow-through. J Pediatr Gastroenterol Nutr 2012, 54, 6, 758–762.

 [9] Chatu S, Subramanian V, Pollok RCG: Meta-analysis: diagnostic medical radiation exposure in inflammatory 
bowel disease. Aliment Pharmacol Ther 2012, 35, 529–539.

[10] Giles E, Barclay AR,Chippington S, Wilson DC: Systematic review: MRI enterography for assessment of small 
bowel involvement in paediatric Crohn’s disease. Aliment Pharmacol Ther 2013, 37, 1121–1131.

[11] IBD Working Group of the European Society for Pediatric Gastroenterology Hepatology and Nutrition. 
Inflammatory bowel disease in children and adolescents: recommendation for diagnosis –  the Porto criteria. 
J Pediatr Gastroenterol Nutr 2005, 41, 1–7.

[12] Silverstein J, Grand D, Kawatu D, Shah SA, Steinkeler J, LeLeiko N: Feasibility of using MR enterography for 
the assessment of terminal ileitis and inflammatory activity in children with Crohn disease. J Pediatr Gastroenterol 
Nutr 2012, 55, 173–177.

[13] Sauer CG,  Middleton JP,  Alazraki A,  Udayasankar UK,  Kalb B,  Applegate KE,  Martin DR,  Kugathasan S: 
Comparison of magnetic resonance enterography with endoscopy, histopathology, and laboratory evaluation in 
pediatric Crohn disease. J Pediatr Gastroenterol Nutr 2012, 55, 178–184.

[14] Courtier J, Ohliger M, Rhee SJ, Terreblanche O, Heyman MB, MacKenzie JD: Shooting a moving target: use of 
real-time cine magnetic resonance imaging in assessment of the small bowel. J Pediatr Gastroenterol Nutr 2013, 
57, 426–431.

Address for corresponcence:
Barbara Iwańczak
Department of Pediatrics, Gastroenterology and Nutrition
Wroclaw Medical University
Curie-Skłodowskiej 50/52
50-369 Wrocław
Poland
Tel.: +48 71 77 03 045
E-mail: barbara@iwanczak.com

Conflict of interest: None declare

Received: 25.08.2014
Revised: 19.09.2014
Accepted: 17.10.2014


