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ABSTRACT 
Objectives: To evaluate the applicability of a previously developed MRI-based score 

of disease severity for perianal fistulizing Crohn’s Disease (CD) and to determine the 

usefulness of adding supplementary items (T1 hyperintensity, infiltrate). A subsidiary aim 

was to determine the reproducibility of the individual items comprising the MRI-based 

score. 

Methods: Sixteen patients with perianal fistulizing CD underwent 1.5 Tesla MRI before 

and after infliximab remission induction therapy. MR images were reviewed independently 

by two radiologists and four different composite MRI-scores were calculated from the 

observer data. Perianal Disease Activity Index (PDAI) and CRP were determined before 

and after therapy. To determine clinical response fistula drainage was assessed. MRI-based 

scores, PDAI and CRP before and after therapy were compared for responders and 

non-responders.  

Results: Seven patients were responders, nine patients were non-responders. After therapy 

PDAI-values and CRP-values decreased significantly in responders, but no significant 

differences were observed in any of the four calculated MRI-scores. In all responders 

MRI findings were indicative of persisting active inflammation. In these patients with 

active inflammation on MRI despite clinical response, a relapse rate of 57% was seen. No 

added value was observed for the use of T1 hyperintensity and infiltrate as items of the 

MRI-based score. Interobserver agreement was fair or moderate for most items of the 

MRI-based score. 

Conclusion: We have found the MRI-based score of disease severity to be a valuable tool 

in perianal fistulizing CD, resulting in better identification of patients with persisting active 

inflammation after therapy than with clinical disease indices. 
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INTRODUCTION 
Perianal fistulas are reported to occur in up to 38% of patients with Crohn’s disease 

(CD) (1). The reference standard for anatomical evaluation of perianal fistulizing CD is 

Magnetic Resonance Imaging (MRI), as localization and extent of disease can accurately 

be demonstrated (2-4). Yet, determination of the degree of perianal disease activity is 

important as well, since the inflammatory aspect of perianal CD influences prognosis and 

therapeutic responses. 

Evaluation of perianal disease activity in CD has been performed by assessment of fistula 

drainage (5, 6) or by using the validated Perianal Disease Activity Index (PDAI) (7, 8), 

in which an important item is fistula drainage. However, it has been demonstrated that 

cessation of drainage from cutaneous orifices does not necessarily mean that perianal 

disease diminishes or disappears (9-11). 

In order to provide a more accurate disease index Van Assche et al developed an MRI-based 

score of disease severity for patients with perianal fistulizing CD (9). In this score the 

most important parameter of local inflammatory activity is T2 hyperintensity. This, as on 

T2-weighted images active fistulas and abscesses are visible as hyperintense lesions due to 

their fluid contents, while scar tissue is hypointense (12-15). 

However, Gadolinium-enhanced T1-weighted images are not used for assessment in this 

score, while some authors have found that fistulas are more conspicuous on these images 

than on T2-weighted images (16, 17). Moreover, on post-contrast T1-weighted images a 

marked increase in signal intensity of inflammatory tissue can be seen due to increased 

tissue perfusion and vascular permeability (18). As local vascularisation and permeability 

increase with the severity of inflammatory disease (19, 20), hypothetically the post-contrast 

enhancement of inflammatory tissue reflects the degree of inflammatory activity of the 

tissue. 

The other inflammatory parameters used in the score are rectal wall thickening and the 

presence of fluid collections, with both items scored dichotomously as either present or 

absent. However, even if no collections are present, an inflammatory reaction of tissue 

(i.e. infiltrate) can be manifest. As an infiltrate can be considered a precursor of a fistula or 

an abscess, it might be useful to expand the score by noting whether infiltrate is present.  

Our primary study aim was to evaluate the applicability of the MRI-based score as 

developed by Van Assche et al (9) and to determine whether the use of additional items 

(T1 hyperintensity, infiltrate) in the MRI-based score would be useful. Our subsidiary aim 

was to determine the reproducibility of the individual items of the MRI-based disease 

score. 
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MATERIALS AND METHODS

Patients

Between December 2003 and December 2005 19 consecutive patients, scheduled for a 

pelvic MRI, were included in this study in a tertiary referral center. MRI was performed 

to evaluate perianal fistulizing CD and to exclude abscesses prior to starting infliximab 

remission induction therapy. For remission induction 5 mg of infliximab (a chimeric 

anti-Tumor Necrosis Factor antibody; Remicade, Centocor Inc., Malvern, PA) per kilogram 

of body weight was administered intravenously at weeks 0, 2, and 6. All patients provided 

written informed consent. The study was approved by the institutional review board. 

MR imaging technique

MR imaging was performed on a 1.5 Tesla-MRI (Signa Horizon Echospeed, LX 9.0, General 

Electric Medical Systems, Milwaukee, WI). A baseline pelvic MRI scan was performed 

before starting remission-induction therapy (mean 1 week, range 0-7 weeks before start 

therapy); a second MRI scan was planned 6 weeks after the last infliximab infusion (mean 

6 weeks, range 5-10 weeks after therapy) to evaluate the results of therapy. 

Patients were scanned in supine position using a torso phased-array surface coil. Sagittal, 

coronal and transversal sequences were performed with the coronal and transversal 

sequences angulated parallel and perpendicular to the anal canal, respectively. T2-weighted 

Turbo Spin Echo (TSE) sequences were performed (TR 2500 msec; TE 70msec; FOV 30 

x30 cm; scan matrix 512 x 256; slice thickness 4 mm; gap 0.4 mm; NSA 2; 24-32 slices) in 

the sagittal, coronal and transversal plane. A fat suppressed T2-weighted TSE sequence 

(TR 4000, TE 85 msec, FOV 30 x 30 cm; matrix 256 x 256;slice thickness 4 mm; gap 

0.4mm; NSA 2: 28-32 slices) was performed in the transversal plane. After administration 

of 0.2 ml/kg of bodyweight Gd-DTPA-BMA-containing contrast medium (Gadodiamide, 

Omniscan, General Electric Healthcare, Chalfont St. Giles, United Kingdom) a fat 

suppressed transversal T1-weighted TSE sequence was acquired (TR 600; TE minimum full; 

FOV 45x45; matrix 256 x 256; slice thickness 4.0mm; gap 0.4mm; NSA 2; 24-32 slices).

MRI evaluation

All MRI data were independently evaluated by two experienced abdominal radiologists 

with extensive experience in evaluation of pelvic MRI [names blinded for review purposes]. 

The first observer had evaluated approximately 6,000 pelvic MRI examinations, including 

1,000 examinations for perianal fistulas, prior to this study. The second observer had 

evaluated approximately 3,000 pelvic MRI examinations, including 500 examinations for 

perianal fistulas, prior to this study. Anatomic classification of fistulas was done according 

to Parks’ classification as superficial, intersphincteric, transsphincteric, suprasphincteric, or 

extrasphincteric (21). Fistulas that tracked between the rectum and vagina or between the 

anus and vagina were defined as rectovaginal or anovaginal, respectively. 
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For determination of disease activity, both observers scored the six disease parameters 

comprising the MRI-based score of disease severity as developed by Van Assche (9). This 

score consists of both anatomical and inflammatory items; a weighing factor is applied 

to all parameters, with higher scores assigned to the inflammatory parameters than to 

the anatomical parameters (Table 1). We added T1 hyperintensity of perianal fistulas 

after administration of intravenous gadolinium as an additional disease parameter and 

we also added the presence of infiltrate as additional item for the parameter “collection”. 

T1 hyperintensity was subjectively scored as either absent, mild, moderate or strong. 

A weighing factor was applied similar to the one used for T2 hyperintensity, with the 

exception that an extra weight was created for moderate enhancement. Infiltrate, which 

was defined as diffuse edema or enhancement not related to a fistula/ secondary track/ 

abscess, was considered a possible precursor for a fistula or collection and was scored 

accordingly. 

To determine the value of the MRI-score and the value of using T1 hyperintensity and 

infiltrate as inflammatory parameters, four different composite MRI-scores were calculated 

from the observer data (Table 1). 

Table 1: MRI-based scores of disease severity

Item 1 2 3 4 Weight

Number of 
fistula tracks

None
Single, unbranched
Single, branched

Multiple

None
Single, unbranched
Single, branched

Multiple

None
Single, unbranched
Single, branched

Multiple

None
Single, unbranched
Single, branched

Multiple

0
1
2
3

Location Extra-or 
intersphincteric

Extra-or 
intersphincteric

Extra-or 
intersphincteric

Extra-or 
intersphincteric

1

Transsphincteric
Suprasphincteric

Transsphincteric
Suprasphincteric

Transsphincteric
Suprasphincteric

Transsphincteric
Suprasphincteric

2
3

Extension Infralevatoric
Supralevatoric

Infralevatoric
Supralevatoric

Infralevatoric
Supralevatoric

Infralevatoric
Supralevatoric

1
2

Hyperintensity 
on T2-weighted 
images

Absent
Mild

Pronounced

Absent
Mild

Pronounced

Absent
Mild

Pronounced

0
4
8

Hyperintensity 
on T1-weighted 
images

Absent
Mild

Moderate
Strong

Absent
Mild

Moderate
Strong

0
4
6
8

Collections Absent

Present

Absent

Present

Absent
Infiltrate
Present

Absent
Infiltrate
Present

0
2
4

Rectal wall 
involvement

Normal
Thickened

Normal
Thickened

Normal
Thickened

Normal
Thickened

0
2

1) The MRI-based score of disease severity as developed by van Assche et al 
2) T1-hyperintensity used as indicator of inflammatory activity instead of T2-hyperintensity 
3) Infiltrate added under the caption “collections”
4) A modified MRI-based score with T1-hyperintensity and infiltrate as additional items
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The scores of the most experienced observer (observer 1) were used to test the applicability 

of the MRI-based scores of disease severity. Scores of the second observer were used to 

calculate the interobserver agreement for the individual MRI parameters. 

Reference parameters

Clinical response 
A response was defined as a closure of 50% of fistulas that were draining at the baseline 

evaluation. Remission was defined as the absence of perianal drainage despite gentle 

finger compression (5). If drainage persisted from more than 50% of the fistulas that were 

present at baseline, the patient was considered a non-responder to therapy. For patients 

with ano-or rectovaginal fistulas, remission was defined as the absence of fistula drainage 

and fistula improvement was defined as a 50% reduction in fistula drainage compared 

with the baseline evaluation. The response to treatment was determined at the time of 

the visit to the radiology department for the second MRI. 

PDAI
For all patients the Perianal Disease Activity Index (PDAI) (Appendix 1) was scored at both 

visits to the radiology department. The PDAI incorporates five elements: the presence or 

absence of discharge, pain or restriction of activities of daily living, restriction of sexual 

activity, the type of perianal disease, and the degree of induration. Scores range from 0 to 

20, with higher scores indicating more severe disease. The PDAI was scored by one of two 

research fellows [names blinded for review purposes]. 

C-reactive protein
C-reactive protein (mg/L) was determined as a biological marker of disease activity.  

Statistical analysis

Spearman’s rank correlations were calculated to determine the correlation coefficients 

between the clinical disease parameters and the MRI-based scores of disease severity. 

Correlation coefficient values were interpreted as follows: 0.0 not correlated, 0.2 weakly 

correlated, 0.5 moderately correlated, 0.8 strongly correlated, 1.0 perfectly correlated (22). 

The Wilcoxon Matched-Pairs Signed-Ranks Test was used to compare baseline results 

with results after remission-induction therapy. The Mann-Whitney U test was used to 

determine whether significant differences were observed between clinical responders 

and non-responders. To determine the interobserver agreement kappa values were 

calculated; for dichotomous results Cohen’s kappa values were calculated, for ordered 

categories weighted kappa values were calculated. Interpretation of kappa values was 

done according to Altman: 0–0.2 was considered ‘poor’, 0.21–0.40 was considered ‘fair’, 

0.41-0.60 was considered ‘moderate’, 0.61-0.80 was considered ‘good,’ and > 0.8 ‘very 

good’ agreement (23). P-values < 0.05 were considered to indicate statistical significance. 
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APPENDIX 1: 

Perianal Disease Activity Index

Discharge
No discharge        0

Miminal mucous discharge       1

Moderate mucous or purulent discharge     2

Substantial discharge        3

Gross fecal soiling        4

Pain and restriction of activities
No activity restriction       0

Mild discomfort, no restriction      1

Moderate discomfort, some limitation of activities    2

Marked discomfort, marked limitation       3

Severe pain, severe limitation       4

Restriction of sexual activities
No restriction        0

Slight restriction        1

Moderate limitation        2

Marked limitation        3

Unable to engage in sexual activity      4

Type of perianal disease
No perianal disease or skin tags      0

Anal fissure or mucosal tear       1

< 3 perianal fistulas        2

 3 perianal fistulas        3

Anal sphincter ulceration or fistula with significant undermining of skin  4

Degree of induration
No induration        0

Minimal induration         1

Moderate induration        2

Substantial induration       3

Gross fluctuance or abscess       4
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SPSS for Windows (version 14.0.2; SPSS, Chicago, Ill) and StatXact for Windows (version 

8.0; Cytel Software, Cambridge, Mass) were used for statistical analysis.

RESULTS
Nineteen patients were included in this study. Three patients were excluded (two patients 

became pregnant during the study, while one patient did not receive his third infliximab 

infusion as scheduled due to a fever). Therefore, a total of 16 patients (mean age 34 ± 13, 

range 18-58) were evaluated, of whom 9 were male and 7 female. 

Clinical response

After remission induction therapy 7/16 patients were considered responders (in 6 no 

draining fistulas were present anymore, in 1 patient a decrease of >50% in the number 

of draining fistulas was observed) and 9/16 patients did not show a response to therapy. 

However, of the nine non-responding patients five did experience a decrease of the 

amount of drainage. 

MRI findings

In 15 patients active fistulas (10 intersphincteric fistulas, 9 transsphincteric fistulas, two 

anovaginal fistulas) were seen on the baseline MRI; the two patients with an anovaginal 

fistula both also had an intersphincteric fistula. In one patient no fistula could be identified, 

but an infiltrate was seen. 

On the second MRI in 15 of 16 patients active fistulas (10 intersphincteric fistulas, 9 

transsphincteric fistulas, two anovaginal fistulas) were found. The one patient without 

fistulas had developed fistulizing disease, while in another patient no fistula could be 

identified anymore. 

Comparison of findings before and after therapy

PDAI
After remission induction therapy PDAI-values were significantly lower than at baseline 

(p=0.003). PDAI-values decreased significantly in both responders (p=0.037) and 

non-responders (p=0.049). Although at baseline PDAI-values were higher in non-responders 

than in responders, this difference was not statistically significant (p=0.071). After therapy 

responders had significantly lower PDAI-scores than non-responders (p=0.023) (Table 2). 

CRP
CRP-values showed no decrease after therapy (p=0.056), but after stratification CRP-values 

decreased significantly in responders (p=0.043), while no significant decrease was 

observed in non-responders (p=0.314). No significant differences in CRP-values were seen 

Proefschrift.indb   190 21-5-2008   10:56:25



Evaluation of an M
RI-based score of disease activity in perianal fistulizing C

rohn’s disease

191

C
h

ap
ter 10

between non-responders and responders, both at baseline (p=0.272) and after therapy 

(p=0.224) (Table 2). 

MRI-based scores
No significant differences were observed between values before and after therapy for 

any of the four calculated MRI-scores. There were no significant differences between 

responders and non-responders for any of the calculated MRI-based disease activity 

scores, neither at baseline nor after therapy (all p-values >0.05) (Table 2). 

Comparison between clinical parameters and the MRI-based score

Between PDAI and CRP a weak correlation was seen (r=0.436, p=0.016). Between 

PDAI and the MRI-based score a weak correlation was seen (r=0.371, p=0.036) while 

the modified MRI-based score also showed a weak correlation with the PDAI (r=0.394, 

p=0.026). No significant correlations were found between the CRP and any of the four 

calculated MRI-scores (data not shown). 

Clinical impact of MRI

While seven patients were considered responders to therapy based on clinical parameters 

(drainage, CRP and PDAI) MRI findings were indicative of persistence of inflammation. Of 

the seven responders in three no maintenance Infliximab therapy was given while MRI 

scores were unchanged (in two patients) or decreased, but still very high (from 18 to 14, 

in one patient). All experienced relapse of disease, necessitating restart of therapy (all 

within 25 weeks). In another responder the MRI-based score had worsened after therapy; 

this patient developed a perianal abscess necessitating surgical intervention shortly after. 

Table 2: Disease activity scores before and after treatment with IFX

Scores before treatment
(mean±SD)

Scores after treatment
(mean±SD)

Non-responders 
(n=9)

Responders
(n=7)

Non-responders
(n=9)

Responders
(n=7)

PDAI 10.7±2.6 8.7±2.3 7.9±3.8 2.9±2.9

CRP 44.1±70.7 15.4±19.1 28.4±42.9 4.2±3.7

MRI-based score 14.8±1.6 12.9±7.0 11.7±5.7 13.9±5.1

Modified MRI-based score 22.1±3.1 18.6±8.0 17.7±7.8 20.7±5.0

MRI-score (T1-weighted 
hyperintensity)

15.3±1.8 12.9±5.9 12.5±5.3 14.4±3.5

MRI-score (infiltrate) 15.4±1.6 13.4±6.3 12.3±5.2 14.4±4.9

Mean values were not used for statistical analysis (Wilcoxon Matched-Pairs Signed-Ranks Test was used for 
analysis of results)
PDAI: Perianal Disease Activity Index
CRP: C-Reactive Protein
SD: Standard Deviation
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b. Coronal oblique T2-weighted image made after remission 
induction therapy. The caudal part of the track is inactive 
(arrows) as can be seen by the hypointensity; the more 
cranially located part of the track is still active (arrowhead). 
L= levator ani muscle, G= gluteal muscle.

Figure 1: 27-year old female with perianal fistulizing CD 
who was considered a responder to IFX remission induction 
therapy.

Figure 2: 23-year old male who was considered a responder 
to remission-induction therapy with IFX.

a. Sagittal T2-weighted image made before therapy shows 
an active transsphincteric fistula (arrowheads). B=bladder.

a. Coronal oblique T2-weighted image made before 
remission induction therapy with IFX showing an active 
transsphincteric fistula (arrowheads) as can be seen by the 
hyperintensity of the track. L= levator ani muscle, G= gluteal 
muscle

b. Sagittal T2-weighted image after therapy show an abscess 
(arrowheads). B=bladder.

Proefschrift.indb   192 21-5-2008   10:56:26



Evaluation of an M
RI-based score of disease activity in perianal fistulizing C

rohn’s disease

193

C
h

ap
ter 10

In one of the non-responders the MRI-score had worsened; this patient had developed an 

abscess for which surgical therapy needed to be performed. 

Interobserver variability

For most items the interobserver variability was fair or moderate, both on baseline MRI 

(Table 3) and on the second MRI (Table 4). 

Table 3: Interobserver variability of MRI-based score for severity of perianal CD before therapy

Number of fistula tracks None Single, unbranched Single, branched Multiple

1/0 6/0 4/8 5/8

Weighted kappa  0.19
Agreement 7/16

Location of fistula None Extra- or inter-
sphincteric 

Trans-
sphincteric

Suprasphincteric

1/0 7/9 8/7 0/0

Weighted kappa 0.39 
Agreement 10/16

Extension None Infralevatoric Supralevatoric

1/0 13/13 2/3

Weighted kappa  0.29
Agreement 15/16

Hyperintensity on T2 Absent Mild Pronounced

1/0 5/8 10/8

Weighted kappa 0.50
Agreement 11/16

Hyperintensity on T1 Absent Mild Moderate Strong

1/0 2/3 4/7 8/5

Weighted kappa 0.24
Agreement 5/15

Collections Absent Present

9/11 7/5

Kappa 0.48 
Agreement 12/16

Absent Infiltrate Present

4/8 5/3 7/5

Weighted kappa  0.36
Agreement 9/16

Rectal wall involvement Normal Thickened

3/9 13/7

Kappa  0.30
Agreement 10/16

Scores of the first MRI observer are shown left of the slash; scores of the second observer are shown right of the 
slash.  Kappa values and agreement are also presented to indicate observer variability.
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Table 4: Interobserver variability of MRI based score for severity of perianal CD after therapy

Number of fistula tracks None Single, unbranched Single, branched Multiple

1/0 7/4 2/6 6/6

Weighted kappa  0.46
Agreement 7/16

Location of fistula None Extra- or inter-
sphincteric 

Trans-
sphincteric

Suprasphincteric

1/0 6/9 9/7 0/0

Weighted kappa 0.30 
Agreement 9/16

Extension None Infralevatoric Supralevatoric

1/0 13/12 2/4

Weighted kappa  0.54
Agreement 13/16

Hyperintensity on T2 Absent Mild Pronounced

2/0 6/10 8/6

Weighted kappa 0.30
Agreement 8/16

Hyperintensity on T1 Absent Mild Moderate Strong

1/1 2/9 7/4 6/2

Weighted kappa 0.21
Agreement 4/16

Collections Absent Present

11/10 5/6

Kappa 0.31 
Agreement 11/16

Absent Infiltrate Present

6/9 5/1 5/6

Weighted kappa  0.30
Agreement 7/16

Rectal wall involvement Normal Thickened

4/7 12/9

Kappa  0.07
Agreement 9/16

Scores of the first MRI observer are shown left of the slash; scores of the second observer are shown right of the 
slash.  Kappa values and agreement are also presented to indicate observer variability.
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DISCUSSION
In this study we have shown that the MRI-based score of disease severity as developed 

by Van Assche et al. is useful for the evaluation of response to treatment with infliximab 

remission induction therapy. Clinical response could be seen in 44% of the patients, but 

in 57% (4/7) of the responders a relapse was observed. In all four relapsing patients MRI 

scores were indicative of persistence of active inflammation in the absence of clinical signs 

of persistence of active perianal fistulizing disease. No added value was observed for the 

use of T1 hyperintensity and infiltrate as items of the MRI-based score.

Only two other studies have used MRI to monitor therapeutic response in perianal fistulizing 

CD (9, 10). In the study by Bell et al., MRI-examinations before and after therapy were 

compared and rated “better”, “unchanged” or “worse” (10). However, no standardized 

criteria were used for assessment of disease severity, but each patient served as his or her 

own control. For comparison between studies it is easier if well-defined criteria are used. 

In the study by Van Assche et al a standardized scoring system was used, which was 

developed based on the data available in the literature and their expertise and the 

individual items of the scoring system were subsequently tested for interobserver variability 

(9). Although their MRI-based score was based on face validation (i.e. a test is said to have 

face validity if it “looks like” it is going to measure what it is supposed to measure), we 

wanted to test its applicability in clinical practice. The scoring system turned out to be 

a valuable tool for assessment of response to treatment. Unfortunately, the scarcity of 

data prevented us from testing each item separately for validity. Also, due to the limited 

number of patients, we could not separately determine the usefulness of T1 hyperintensity 

or the presence of infiltrate that might also be reflective of the inflammatory status of 

perianal fistulizing CD. So far, no added value could be observed for the addition of T1 

hyperintensity or infiltrate as inflammatory items to the MRI-score in our study. 

In our study all MRI examinations were read by two observers, although only the scores 

of the expert radiologist were used for comparison with clinical data. We decided to 

calculate interobserver agreement since a disease index needs to be reproducible as well 

as accurate to be useful in clinical practice. Surprisingly, while Van Assche et al found 

interobserver agreement to be good to excellent for all the items included in the MRI-score, 

in our study interobserver agreement was only fair to moderate. As both observers were 

very experienced in reading pelvic MRI for perianal fistulas, this discrepancy cannot 

be explained by a difference in experience levels. It is probably true that even though 

well-defined criteria were used for assessing fistulizing disease, subjective interpretation 

of findings played a larger role than we expected. The two observers, although currently 

working in the same hospital, had received training in different centers, underlining the 

institution dependency on interpretation of images. This hypothesis is supported by the 

low interobserver agreement that has been observed for other pelvic MRI examinations: 

in a study by Hricak et al. low interobserver agreement was seen between experienced 

radiologists from different institutions evaluating cervical cancer findings (24) and in a 
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study evaluating sphincter defects by phased array MRI interobserver agreement was very 

low between two highly experienced observers from different hospitals (25). 

A limitation of our study was the low number of patients included for analysis. While we 

have tested the validity of the MRI-based score, it should be tested in a larger population 

to determine its clinical applicability to the full extent. By testing the score in a larger 

population, it might be possible to determine cut-off values of MRI-scores for the different 

activity stages of disease (i.e. remission, mild, moderate, severe). 

In conclusion, an MRI-based score of disease severity forms a useful indicator of disease 

activity and may be used to determine the effect of therapy. 
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