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Introduction

MRI is increasingly employed for the evaluation of small bowel Crohn’s disease. MRI can be 

used to diagnose Crohn’s disease and to assess disease severity, classifying it, for  example, 

as mild, moderate or severe1, 2. Grading disease severity guides further management of 

 patients3. 

In the literature, a number of MRI features have been reported for grading disease activ-

ity in Crohn’s disease patients, such as T1-enhancement, bowel wall thickness and T2-signal 

intensity. Several review articles have described how to assess MRI of the small bowel, but 

some of these contradict one another. For example, absolute contrast enhancement is pre-

sented as a marker of disease activity in some of these reviews4, 5 while others dispute this6, 7. 

As most studies only assess a few MRI features and use different reference standards, it is 

not possible to directly compare all MRI features to determine which features are most im-

portant. Currently, individual radiologists evaluate different MRI features when they assess a 

small bowel MRI, which may lead to different grading. In the absence of conclusive data, we 

have to rely on expert opinion. As a first step to develop stronger studies of clinical validity and 

a consensus statement on the grading of small bowel Crohn’s disease, we solicited the judg-

ment expert abdominal radiologists, asking them about the MRI features they rely on to grade 

a small bowel MRI, and to identify the protocols they use for performing small bowel MRI. 

 

Materials and methods

A research grant was received from the Nuts Ohra Foundation. Nuts Ohra Foundation was 

not involved in designing and conducting the study and did not have access to the data. The 

Nuts Ohra Foundation was not involved in data analysis or preparation of the manuscript.

To identify expert abdominal radiologists, we performed a systematic search of the litera-

ture, using Pubmed, for articles reporting studies of grading Crohn’s disease (in multiple cat-

egories), published between January 2006 and January 2009. A second search was performed 

in February 2010 to include authors that had been published between January 2009 and 

January 2010. The following search terms were used: ‘enterography’, ‘enteroclysis’, ‘abdo-

men’, ‘bowel’ in combination with the term ‘Magnetic Resonance Imaging’. This resulted in 

115 potentially eligible papers. The first author examined the abstracts to see if the corre-

sponding study contained information about the grading of Crohn’s disease. Papers that only 

discussed the presence of Crohn’s disease (active versus inactive) were not considered. In 

addition the abstracts of the scientific meetings of the Radiological Society of North America 

Abstract

Objectives: 

MRI is increasingly used for disease activity grading in small bowel Crohn’s disease. It is not 

known which imaging features are essential for grading. For further insight, we solicited the 

opinion of expert radiologists.

Methods: 

A questionnaire about the grading of Crohn’s disease was sent to 36 radiologists who had 

published on MRI grading of Crohn’s disease between January 2006 and January 2010. Radi-

ologists were asked which MRI protocol they used, how they graded luminal Crohn’s disease, 

which features they used, how important they considered those features for grading, and 

which reference standards they used.

Results: 

Twenty-four radiologists responded (66%). They used different protocols and features; most 

frequently T2-weighted sequences (79%) and contrast enhanced fat saturated T1-weighted 

sequences (83%). MR-enterography was more often used than MR-enteroclysis (88% versus 

33%). Features most frequently considered important for grading were bowel wall thick-

ness (79% of radiologists), the presence of an abscess (75%), T1 enhancement (75%), and T1 

stratification (46%). Reference standards differed; most commonly (ileo-) colonoscopy (88%) 

or surgery (75%) were used.

Conclusions: 

Bowel wall thickness, abscess, T1 enhancement and T1 stratification are most often used for 

grading. Because of difference in grading, there is need for an international consensus on 

MRI grading of Crohn’s disease.
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gists responded that the item was used for grading disease activity but remarked that it 

was only used to assess the presence of disease (active versus inactive) then the answer was 

interpreted as ‘not used for grading’. 

Whenever a feature was used for grading disease activity, the radiologist was asked to 

score the importance of the feature on a 0 to 100 visual analogue scale, anchored at 0 as 

“not important” and at 100 as “very important”. The digital version of the questionnaire 

contained a 10-point Likert scale for the same items.

Statistical analysis

We converted all VAS scores and Likert scale responses to 0 to 10 scores. When a MR feature 

was not used for grading, its score was assumed to be zero. Medians with interquartile 

ranges (IQR) and the modus were calculated. We reclassified the relevance scores for the MR 

features by dichotomizing the scale at 7, with scores below 7 interpreted as “not mandatory” 

and , 7 or higher as “mandatory for grading”. 

Results

Two radiologists had inactive email accounts and could not be contacted otherwise. The 

questionnaire was returned by 24 of the 34 remaining radiologists in 34 different hospitals 

(71%). They had a mean abdominal radiology experience of 10 years (range 3 to 20 years) and 

had performed a median of 350 MRI small bowel readings (range 50 to 1500). 

MR Protocol

In 21 of the 24 hospitals (88%) MR enterography was performed (median 100 exams per year; 

range 12 to 450). MR enteroclysis was performed in eight hospitals (33%); median 27.5 per 

year (range 6 to 75). Five hospitals performed both MR enteroclysis and MR enterography 

(21%). When both examinations were performed, enterography was used for Crohn’s disease 

follow-up (five institutions, 21%); in all other cases enteroclysis was used.

The examination was performed solely at 1.5T in 20 hospitals (83%), at 1T in one hospital 

(4%). Three hospitals performed the examinations both at 1.5T and 3T (12%). Scanners used 

were: Siemens Healthcare (15; 63%), General Electrics Healthcare (3; 13%), Philips Healthcare 

(4; 17%), both General Electrics and Siemens Healthcare (1; 4%) or both Siemens Healthcare 

and Philips Healthcare scanner (1; 4%).

The MRI small bowel sequences differed among institutions. T2-weighted sequences 

(RSNA) in 2007, 2008 and 2009 and of the European congress of Radiology (ECR) in 2008 and 

2009 were manually searched for presentations on the grading of luminal Crohn’s disease. 

From all selected papers and abstracts the hospital where the research was performed was 

noted. Per hospital one radiologist was identified, which was either the first or the last au-

thor from the corresponding radiology department. Thirty-six individual radiologists from 

36 hospitals were selected this way. 

A questionnaire about the grading of Crohn’s disease was developed, based on sugges-

tions from three external experienced abdominal radiologists and that of the authors. The 

questionnaire was sent as a PDF-attachment to an invitation email message in April 2009. 

A first reminder was sent after one month to radiologists who had not responded by then. 

After nine months a second, online version of the questionnaire was used, anticipating that 

using an online questionnaire could increase participation. Non-responders were invited by 

email to complete the questionnaire.

Questionnaire

The first part of the questionnaire consisted of questions about the MR small bowel protocol 

in their hospital. This part included the following items: scanner type, field strength of the 

scanner and MR technique (enterography and/or enteroclysis), the patient’s position during 

the exam, type of sequences and the use of intravenous contrast agents and spasmolytics 

during the scan. The second part consisted of questions about the grading of luminal Crohn’s 

disease when performed in a research setting. The following features were listed: number of 

categories used for grading, thickness of the bowel wall, signal intensity of the bowel wall 

on T2-weighted images, enhancement of the bowel wall after intravenous contrast, strati-

fication (layered appearance) of the bowel wall on T1-weighted and T2-weighted images, 

presence of an abscess, presence of a stenosis, appearance of the outer contour of the bowel 

wall, the presence of fibrofatty proliferation (creeping fat) around the bowel, the presence 

of the comb sign (hypervascularity of the mesenteric vessels), the presence of ulcerations, 

enlarged lymph nodes and enhancement of lymph nodes after intravenous contrast. Radi-

ologists were given the opportunity to add one or more additional features that were not 

included in the list.

All participants were asked if they used these features for grading and, if so, how they 

used this feature in grading disease activity as ‘no disease activity’, mild, moderate, severe, 

chronic or ‘other’. Respondents could mark more than one option as applicable. If radiolo-
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Table 2: Intraluminal contrast agents used for MRI of the small bowel.

Enterography Enteroclysis

Mannitol 8/21 (38%) 1/8 (13%)

Polyethylene glycol (PEG) 6/21 (29%) 3/8 (38%)

Methylcellulosis 1/21 (5%) 2/8 (25%)

Barium sulphate suspension (Volumen, 

Bracco, Milan, Italy)

2/21 (10%) 1/8 (13%)

Tap water - 1/8 (13%)

Ferumoxil (Lumirem, Guerbet, Vil-

lepinte, France) (2/19 10%), 

1/21 (5%) -

Sorbitol 1/21 (5%) -

Mannitol in combination with locust 

bean gum 

1/21 (5%) -

PEG solution (Glycoprep-C, Pharmatel 

Fresenius Kabi, Australia)

1/21 (5%) -

All but one institution used an intravenous contrast agent (23; 96%). The institution that 

did not use an intravenous contrast agent indicated that they used a diffusion-weighted 

sequence instead. Twenty-two radiologists used a spasmolytic agent to suppress bowel peri-

stalsis (22;92%). Buscopan (Boehringer-Ingelheim, Ingelheim, Germany) was used more often 

(82%; 18/22) than glucagon (18%; 4/22).

MRI features used for grading

When grading luminal Crohn’s disease, 23 radiologists indicated that they used two or more 

categories. Most often four categories (no, mild, moderate, severe) were used (n=13; 54%), 

while three categories (no, mild, severe) were used (7; 29%) as well. One radiologist used five 

categories. One radiologist only graded inactive versus active disease and one other used 

four categories (active with/without obstruction, inactive with/without obstruction). One 

radiologist did not grade disease activity at all (but did grade the different MRI features). 

Below we describe the MRI features in order of frequency of use for grading. 

without fat saturation and contrast enhanced T1-weighted sequences with fat saturation 

were the most performed sequences. The frequencies of the most common sequences are 

given in table 1. Patients were scanned in supine position (14; 58%), prone (9; 38%) and both 

supine and prone (1; 4%). Several types of contrast agents were used for performing small 

bowel MRI. Results are given in table 2.

Table 1: MRI sequences used for MRI of the small bowel

With fat 
saturation

Without fat 
 saturation

T2-weighted turbo spin echo (TSE, HASTE, single shot TSE)

Axial 11 (46%) 19 (79%)

Coronal 8 (34%) 18 (75%)

Sagittal 0 1 (4%)

Balanced Steady State Free Precession (b-SSFP, true-FISP, 

balanced FFE, Fiesta)

Axial 7 (29%) 11 (46%)

Coronal 4 (17%) 15 (63%)

Sagittal 0 1 (4%)

T1-weighted sequence (Thrive, Vibe, Fame)

Axial 16 (67%) 1 (4%)

Coronal 20 (83%) 0

Sagittal 0 0

Cine sequences 3 (13%)

Diffusion weighted images 5 (21%)

FLASH 3D 5 (21%)

Others1 1 (4%)
1 Other sequences that were used by one hospital were: dynamic contrast enhanced sequen-

ces, FLASH 2D and T1-weighted sequence in and opposed phase (1/24, 4%). 
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 (median 10mm); this concerned the short axis in 13 of 24 cases (54%). Implications for dis-

ease activity of enlarged lymph nodes were most often moderate or severe disease activity 

(12/17; 71% and 13/17; 77%) (figure 3). One radiologist only graded the presence of enlarged 

lymph nodes if other features were present and one used also the number of enlarged lymph 

nodes for grading. Seven radiologists (29%) thought that evaluation of this feature was man-

datory for grading (Figure 2).

Creeping fat (fibrofatty proliferation) was used for grading by 17 radiologists (71%). It indi-

cated chronic disease according to 14 respondents (82%) (figure 3). Seven radiologists (29%) 

thought that evaluation of this feature was mandatory for grading (Figure 2).

High signal intensity on T2-weighted images: Sixteen radiologists (67%) used this feature 

for grading. The signal intensity was compared to normal bowel wall (14/16; 88%), the gall-

bladder/urinary bladder (1/16; 6%) or a combination of the signal intensity of normal bow-

el wall and cerebrospinal fluid (6%). Most radiologists thought that this feature indicated 

moderate or severe disease activity (7/16; 44% and 11/16; 69% respectively) (figure 3). Some 

radiologists indicated that they thought the implication was dependent on the presence of 

lymph nodes and thickness of the bowel wall. One radiologist indicated that it meant acute 

disease. Ten radiologists (42%) thought that evaluation of this feature was mandatory for 

grading (Figure 2).

Sixteen radiologists used the presence of a stenosis for grading (67%). The definition of high 

and low grade stenosis differed. The cut-off point for a low grade stenosis ranged from 20% 

lumen reduction to 70% lumen reduction (median 50%, IQR 30-50). For a high grade stenosis 

the range was 50-80% lumen (median 50, IQR 50-74). One radiologist used three categories 

for grading: mild (<50%), moderate (50-80%) and severe (>80%). Another radiologist did not 

use cut-off points but a subjective scale from zero to three. A third radiologist differentiated 

between high grade and low grade obstruction only through the presence of prestenotic 

dilatation. The majority of the respondents (18; 75%) defined a low grade stenosis as a steno-

sis without prestenotic dilatation while a high grade stenosis did include a prestenotic dila-

tation (21; 88%). This feature was most considered to indicate severe disease activity (9/16; 

57%) or chronic (depending on the presence of fibrosis) (10/16; 63%) (Figure 3). Twelve radi-

ologists thought that evaluation of this feature was mandatory for grading (50%) (Figure 2). 

Bowel wall thickness was the most frequently used feature: Twenty-one of 24 radiologists 

(88%) assessed bowel wall thickness. The maximum upper limit of normal bowel wall thick-

ness differed between radiologists. Most radiologists thought that 3.0 mm was the upper 

limit (15; 63%), two radiologists thought 2.0 mm (2; 8%), while for other limits (2.5 mm, 

3.5 mm, 4.0 mm and 5.0 mm) one radiologist each considered this the upper limit. In figure 1 

we show the median importance scores, with interquartile ranges, of the importance of the 

individual features (figure 1). Nineteen of 24 radiologists thought that evaluation of bowel 

wall thickness was mandatory for grading (79%) (see Figure 2). 

The presence of an abscess was used for grading by 19 of 24 radiologists (79%). This was as-

sumed to indicate severe disease activity by all these respondents (19/19;100%), though moder-

ate disease activity was also mentioned by some (5/19; 26%). Eighteen of 24 radiologists (75%) 

thought that evaluation of the presence of abscesses was mandatory for grading (figure 2).

The presence of the comb sign was used for grading by 19 (79%). These radiologists consid-

ered the sign to indicate moderate or severe disease activity (12/19; 63% and 14/19; 74%, 

 respectively) (Figure 3). One radiologist thought that the presence of the comb significantly 

 correlated with CRP. One other radiologist graded the presence of the comb sign only when 

other features were present (such as T1 enhancement). Seven of 24 radiologists (29%) thought 

that evaluation of the presence of the comb sign was mandatory for grading.

Eighteen radiologists used T1 enhancement after intravenous contrast for grading (75%). 

The enhancement was most often compared to non-enhancing bowel wall (14/18; 78%); 

other structures were liver or kidney (1/18; 6%), vessels (1/18; 6%) or a combination of vascu-

lar structures and normal bowel wall (1/18, 6%). Most radiologists thought that enhancing 

bowel wall after intravenous contrast depicted moderate or severe disease (both 14/18; 78%) 

(Figure 3). One indicated that the grading of disease activity depended on the enhancement 

pattern (1/18; 6%) and one respondent indicated that it depended on other factors such as 

the wall thickness, T2-layering and peri-enteric changes (1/18; 6%). Eighteen radiologists 

thought that evaluation of this feature was mandatory for grading (75%) (Figure 2). 

The presence of enlarged lymph nodes was used for grading by 17 radiologists (71%). The 

definition of enlarged lymph nodes was not agreed on. The cut-off ranged from 5-15 mm 
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and low intensity of submucosal layer denotes submucosal fibrosis (figure 3). Only one ra-

diologist thought that evaluation of this feature was mandatory for grading (4%) (figure 2). 

Features that were added by the responding radiologists were: perianal disease activity (2; 

8%), presence of sacroiliitis (1; 4%), the presence of free abdominal fluid (2; 8%), diffusion 

restriction at diffusion-weighted imaging (2; 8%) and the presence of fistulas (7; 29%).

MRI features that were frequently combined when grading were: bowel wall thickness in 

combination with the comb sign (18/21), with T1 enhancement (17/21) and with abscess 

(17/21). All radiologists who scored T1 bowel stratification (11/21) also scored maximum wall 

thickness. 

Several reference standards were used to evaluate the accuracy of findings of small bowel 

MRI in research. Most often used were (in descending order of frequency): (ileo-)colonoscopy 

with pathology (21; 88%), surgery with histopathology (18; 75%), CDAI (14; 58%), CRP (13; 

54%), CDEIS (7; 29%), video capsule endoscopy (7; 29%), white blood cell count (WBCC) (7; 

29%), erythrocyte sedimentation rate (ESR) (6; 25%), clinical information (5; 21%), double 

balloon enteroscopy (4; 17%) and physical examination (4; 17%).

The appearance of the outer contour of the bowel wall was graded by 13 radiologists (54%). 

Contour features that were assessed were: presence of peri-enteric stranding, an unsharp 

contour of bowel wall, presence of mesenteric fat oedema, ‘hairy’ appearance of the bowel 

wall and the loss of valvulae conniventes. These contour changes represented severe dis-

ease activity according to most radiologists (12/13; 92%) (figure 3). The presence of ‘hairy’ 

lesions denotes fibrotic changes or involvement of the whole bowel wall according to one 

radiologist. Eight radiologists (33%) thought that evaluation of this feature was mandatory 

for grading (Figure 2).

The presence of ulcerations was used for grading by half of the respondents (12; 50%). Im-

plications for disease activity were moderate (8/12; 67%) and severe (11/12; 92%) disease 

activity (figure 3). Eight radiologists thought that evaluation of this feature was mandatory 

for grading (33%) (Figure 2).

Stratification of enhancing bowel wall at T1-weighted gradient echo sequences was used 

for grading by 11 radiologists (46%). Enhancement patterns were assessed in two to four cat-

egories. Most radiologists used three categories (combinations of no, mild, severe or no, mu-

cosal, layered) for grading (7/11; 64%). Two grading categories were used by 3/11 radiologists 

(27%) and one radiologist used four categories. The implication of T1 stratification differed 

to the opinion of the 11 radiologists (table 1). Eleven radiologists thought that evaluation of 

this feature was mandatory for grading (46%) (Figure 2).

Lymph node enhancement was used for grading by eight radiologists (33%). The enhance-

ment was compared to a pre-contrast series (5/8; 63%) or non-enhancing lymph nodes (3/8; 

37%). Enhancing lymph nodes were considered to indicate moderate (7/8; 88%) or severe 

(7/8; 88%) disease activity (figure 3). Four radiologists thought that evaluation of this feature 

was mandatory for grading (4; 17%) (figure 2).

Only two radiologists used stratification on T2-weighted images for grading (8%). One ra-

diologist indicated that T2 stratification denotes chronic disease; the other indicated that an 

intermediate intensity of mucosal and serosal layer and high intensity of submucosal layer 

denotes submucosal edema or fat and an intermediate intensity of mucosal and serosal layer 
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Table 3: Implications for disease activity of T1 stratification

Possible T1-stratification 
patterns.

Type of disease activity Number of 
radiologists

Stratified pattern

(hyperintense mucosa, with 

hypointense submocosa and 

hyperintense serosa)

Denotes more chronic disease 2

Stratified pattern Denotes chronic disease or very acute dis-

ease with marked submucosal edema.

1

Stratified pattern Denotes more severe disease 3

1. Stratified pattern  

2. Homogeneous enhance-

ment 

1. High disease activity with hypervascu-

larity limited to the inner layer and no 

enhancement of fibrotic tissue

2. Severe disease activity often in first 

presentations of Crohn’s disease.

1

1. Marked homogeneous

2. Stratified

3. Moderate diffuse

1. Transmural inflammation

2. Active disease with submucosal edema

3. Chronic disease with the presence of 

fibrosis

1

Stratified pattern due to:

1. Fat

2. Fibrosis

3. Oedema

1. Denotes duration of disease

2. Fibrosis present versus not present

3. Moderate/severe versus mild disease 

activity

1

1. Mucosal enhancement

2. Homogeneous

1. Confined disease activity

2. Severe disease activity

1

1. In combination with 

stratification on T2-

weighted images

2. Presence of oedema

3. Submucosal fibrosis or 

fat deposition in the wall

1. No disease activity if also no stratifica-

tion on T2-weighted images.

2. Mild disease activity

3. Severe disease activity

1

Discussion

The results of our questionnaire show variability in the features used in grading disease 

and the importance attached to them, although there was a general agreement on certain 

aspects of grading. Bowel wall thickness, T1 stratification, the presence of an abscess and 

T1 enhancement were judged as mandatory for grading disease activity. Intra-abdominal 

abscesses are considered as proof of transmural disease and their presence has therapeutic 

consequences (need for drainage, contra-indication for anti–TNF  treatment). T1 stratifica-

tion patterns have more recently been indicated as important when grading6;8. Because the 

implication is not yet clear, the actual usefulness of this feature is still debatable (table 3).  
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such as infections. Nevertheless, these are often used as reference standard11;12, most likely 

because they are easily available.

Several studies have been published that combine MRI features for the assessment of 

Crohn’s disease, but these papers all use different MRI features and different reference stan-

dards. In a study by Rimola et al. several MRI features were assessed for their value for pre-

dicting CDEIS, in order to create a scoring system13. The MRI features that were predictive 

of CDEIS score were wall thickness, relative contrast enhancement, the presence of wall oe-

dema and the presence of ulcerations. A scoring system was developed using these features 

that predict disease activity. Only the predictive value of certain MRI features was assessed, 

while other features were not evaluated (for example, comb sign and bowel wall stratifica-

tion). In a study by Punwani et al, several MRI features were validated against a histologi-

cal reference standard6. Mural thickness and mural/cerebrospinal fluid ratio correlated after 

backward selection with an acute inflammatory score which was based on histology. As with 

the previous study, not all MRI features were tested in this study. It is yet unclear what the 

implication is of these omitted features.

A recent meta-analysis assessed the accuracy of MRI in grading Crohn’s disease. The MRI 

features that were used for disease assessment in most of the studies were T1 enhancement 

and mural wall thickness (respectively, seven and six out of seven studies)1. Other features 

(stenosis, target sign, cobble stones, enlarged lymph nodes, ulceration, local injection, length 

of pathological bowel wall, extra intestinal findings) were only used in one or two studies.

The implications of our results for grading are twofold. There seems to be consensus on 

the relevance of bowel wall thickness, T1 enhancement, T1 stratification and intra-abdom-

inal abscesses when grading.  Second, the authors want to stress the need for a consensus 

protocol on how to grade a small bowel MRI examination. We recommend that international 

experts on abdominal MRI form a consensus panel to establish a guideline. This guideline 

should advise on the MRI protocol for small bowel assessment and the MRI features for grad-

ing based on systematic literature reviews and featuring levels of evidence for all guideline 

statements. In addition, further research on the value of MRI parameters compared with a 

well-established reference standard will help to clarify the relevance of these MRI features.   

Some potential limitations of this study should be considered. We deliberately consulted 

only radiologists who had previously published on the grading of Crohn’s disease and not all 

hospitals that perform small bowel MRI. As these radiologists have conducted research, we 

expected that they could judge the importance of the features better than radiologists that 

had not performed research, with systematic comparison of MRI findings with a reference 

standard. There were changes in the method for indicating the importance of the finding 

(VAS, scale 1-10) and for completing the questionnaire (by e-mail, document on internet) 

between the two rounds of questionnaires but we do not think that this will have had a sub-

stantial effect on the results as these are minor modifications. We arbitrarily dichotomized 

the relevance of MR features at a score of 7 as we considered this a sensible cut-off. Some 

additional features were added to our list. The presence of intra-abdominal fistulas was men-

tioned most often. The other additional features were not used by more than one radiologist 

and seem not relevant for grading.

The importance attached to MRI features with respect to the severity of disease activity 

was very diverse, however all radiologists agreed that the presence of an abscess indicates 

severe disease activity (although some indicated that moderate disease activity was also pos-

sible). The presence of creeping fat was considered to indicate chronic disease activity (82%). 

Most radiologists (54%) used four categories (no, mild, moderate, severe) for grading disease 

severity. This corresponds to international guidelines for the management of Crohn’s disease, 

where different therapeutic options are based on mild, moderate or severe disease activity3.

There were MRI protocol variations between the institutions. Although the use of bi-

phasic contrast agents was widespread, some radiologists preferred to use a dark lumen 

contrast agent. Whether enterography or enteroclysis gives better results is still an ongoing 

debate in the literature9. It is known that although enteroclysis gives better bowel disten-

sion, this does not result in significant higher accuracy10. Furthermore, there was a variation 

in sequences used. All but one institution performed T1-weighted sequences with the use of 

intravenous contrast, which is in concordance with the finding that T1 enhancement and T1 

stratification are considered as important features. 

Pathology-based reference standards (surgical resections and endoscopic biopsies) were 

thought of as the best reference standards in comparison to endoscopic (CDEIS, double- 

balloon enteroscopy, video-capsule), clinical (CDAI, physical examination) or laboratory 

 parameters (CRP, WBCC, ESR). Clinical and laboratory parameters do not always represent 

accurately disease activity,6 because patient’s symptoms can be caused by other entities 
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