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Introduction

Perianal fistulas are a common finding in patients with Crohn’s disease1. To determine treat-

ment strategy and response, the course of the perianal fistula and its inflammatory activity 

have to be evaluated. MRI is the recommended initial examination2. For assessing active in-

flammation, a T1-weighted contrast-enhanced sequence can be performed. This is especially 

important in patients with fistulizing Crohn’s disease as they are usually medically, not surgi-

cally treated, and therapeutic response is the clinical question in these patients. Enhance-

ment indicates active inflammation because it reflects increased tissue perfusion and vascu-

lar permeability3. Enhancement is usually assessed on conventional post-contrast imaging at 

one time-point and the grading is subjective. Subjective grading has intrinsic limitations and 

conventional post-contrast imaging at one time-point does not give information on micro-

vascularisation. In DCE-MRI, images are acquired during the delivery of the contrast agent to 

the tissue of interest, reflecting the dynamic response of the tissue to the inflow of blood. 

The signal intensity of tissue on a T1-weighted MR image increases as a result of the leakage 

of contrast material from the capillaries into the extracellular extravascular space. By use of 

dynamic acquisition, time-intensity curves (TICs) are acquired. These curves represent the 

signal intensity at each moment before and during contrast injection. DCE-MRI parameters 

such as TIC shape and the volume transfer constant (Ktrans) have often been considered a mir-

ror of the physiologic parameters of the tissue (e.g., capillary permeability, tissue vascular-

ization) that change in inflammatory conditions4. In a previous study5, semiquantitative 

DCE-MRI was used for evaluation of perianal fistulas, and significant correlations were found 

between the absolute number of certain TIC shapes and perianal disease activity index 

(PDAI). However, quantitative information on fistula perfusion (i.e., Ktrans ) was not reported. 

In patients with rheumatoid arthritis of the wrist, Ktrans values decreased 20% after anti–

TNF  treatment, indicating a change in inflammatory activity that represents a possible 

therapeutic response6. Anti–TNF  reduces short-term fistula drainage7 and promotes inter-

nal healing8, possibly by inhibition of neoangiogenesis. The purpose of this study was to 

assess DCE-MRI parameters, both quantitative and semiquantitative, for the evaluation of 

disease activity and response to anti–TNF-a treatment of perianal fistulizing Crohn disease. 

Abstract

Objective:  

The objective of our study was to perform a semiquantitative analysis of dynamic contrast-

enhanced MRI for the evaluation of disease activity and therapeutic response in patients 

with perianal fistulizing Crohn disease.

Subjects and methods: 

Sixteen consecutively registered patients with perianal Crohn disease underwent pelvic MRI. 

A dynamic contrast-enhanced sequence was performed at 3 T (temporal resolution, 4.2 sec-

onds) during IV contrast injection. Maximum enhancement, initial slope of increase, volume 

transfer constant (Ktrans), and the extravascular space fractional volume (υe) were calculated 

in a region of interest drawn around the fistula. Perianal disease activity index, CRP concen-

tration, and an MRI-based activity score were calculated as reference standards. Six patients 

underwent a second MRI examination 6 weeks after starting treatment with anti–tumor 

necrosis factor  (anti–TNF ).

Results: 

Perianal disease activity index moderately correlated with maximum enhancement (r = 0.67, 

p = 0.005), initial slope of increase (r = 0.58, p = 0.018), and volume of enhancing pixels 

(r = 0.79, p < 0.001) but not with Ktrans or υe. Volume of enhancing pixels also correlated 

with CRP concentration and the MRI-based score (r = 0.52, p = 0.041; r = 0.79, p < 0.001). 

The Ktrans values had decreased significantly 6 weeks after the start of anti–TNF  therapy.

Conclusion: 

Maximum enhancement and initial slope of increase correlate with disease activity in peri-

anal Crohn disease. Ktrans may be an indicator of the effect of therapy on patients starting 

anti–TNF  treatment.
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All transverse sequences were performed with the same orientation.

Analysis of Conventional MRI Data

All MR images were evaluated by an abdominal radiologist with experience in evaluation 

of pelvic MR images (≈ 600 examinations for perianal fistulas). For determination of disease 

activity, the MRI-based score of disease severity developed by Van Assche et al.9 was used. 

This score consists of both anatomic parameters and parameters indicative of active inflam-

mation (Table 1). Scores range from 0 to 22, higher scores indicating more severe disease. 

Because this score does not include evaluation of contrast-enhanced images, we also sepa-

rately graded the fistula enhancement in four categories (no, mild, moderate, and severe 

pathologic enhancement) compared with the unenhanced images. From the MRI-based score 

we extracted the T2 signal hyperintensity (absent, mild, pronounced). 

Subjects and Methods

Study Sample

From August 2008 until December 2009, 16 patients with known Crohn disease and suspect-

ed perianal fistula who consecutively underwent pelvic MRI at the radiology department of 

a tertiary referral centre were included in this prospective study. The indication for MRI was 

evaluation of perianal Crohn disease. The general exclusion criteria for MRI (e.g., pacemaker) 

were applicable. All patients provided written informed consent. Study approval was given 

by the institutional review board.

MRI Technique

MRI was performed with a 3-T system (Intera, Philips Healthcare) and a six-channel tor-

so phased-array body coil with the patients supine. Sagittal, coronal, and transverse T2-

weighted fast spin-echo sequences were performed with the coronal sequence parallel and 

the transverse sequence perpendicular to the anal canal (TR/TE, 3000/80; slice thickness, 

4 mm; matrix, 400 × 400; FOV, 360 × 360 mm). A fat-suppressed T2-weighted fast spin-

echo sequence was performed in the transverse plane (TR/TE, 3000/70; flip angle, 90°; slice 

thickness, 2 mm; matrix, 304 × 304; FOV, 360 × 360 mm) and followed by an unenhanced 

transverse T1-weighted fast spin-echo sequence with fat suppression (TR/TE, 700/10; flip 

angle, 90°; slice thickness, 4 mm; number of slices, 15; FOV, 300 × 300 mm; matrix, 256 × 

256). After completion of these sequences, T1 measurement was performed with a classic 

Look-Locker sequence in combination with a 3D turbo fieldecho sequence. A dynamic trans-

verse 3D T1-weighted fast spoiled gradient-echo sequence was performed that consisted of 

70 consecutive images with a temporal resolution of 4.2 seconds. The imaging parameters 

were as follows: TR/TE, 5.12/2.3; FOV, 200 × 200 × 60 mm; spatial resolution, 1.38 × 1.38 

× 4 mm; matrix, 144 × 144 × 15; flip angle, 30°; bandwidth per pixel, 433 Hz. Orienta-

tion of the dynamic acquisition was perpendicular to the anal canal. Five seconds after the 

start of the acquisition 0.1 mL/kg bodyweight of contrast agent (gadodiamide, Gadovist, 

Bayer Schering Pharma) was administered by bolus injection (5 mL/s) into an antecubital vein 

through a 20-gauge IV catheter with an automated injection pump (Mallinckrodt Optistar, 

Liebel-Flarsheim). Injection of contrast medium was immediately followed by a bolus of 15 or 

20 mL saline solution (5 mL/s) depending on the length of the contrast injection tube. After 

completion of the dynamic sequence, a transverse T1-weighted fast spin-echo sequence with 

fat suppression was performed (same parameters as for the unenhanced T1-weighted series). 
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Analysis of Dynamic Contrast-Enhanced MRI Data

The contour of the fistula was first assessed on the T2-weighted fast spin-echo image. A 

research fellow aided by an experienced abdominal radiologist then drew a ROI around the 

whole fistula on the T1-weighted dynamic images. The ROI was drawn on all slices where the 

fistula, including all branches, was visible. The drawing of the contour took approximately 

10 minutes per patient. 

We analyzed the DCE-MRI data in both a semiquantitative and a quantitative (model-

based) manner. In each ROI we calculated the relative maximum enhancement and the initial 

slope of increase. The TIC shapes were classified pixel by pixel. Each of seven curve shapes 

classified according to the scheme described by Lavini et al.10 was assigned a unique color 

(Figure 1 and 2). Classification was as follows: type 1 (gray), no enhancement; type 2 (green), 

slow enhancement, maximum of the curve reached after half acquisition; type 3 (blue), quick 

enhancement followed by a signal intensity plateau; type 4 (magenta), fast enhancement 

and quick washout; type 5 (yellow), quick enhancement followed by slow constant enhance-

ment; type 6 (red), artery; type 7 (white or light gray), all others. The pixel-by-pixel TIC clas-

sification was rendered in a colour-coded map, yielding a high-resolution description of the 

curve shapes in the whole area of interest. We calculated the total number of pixels classified 

as each of the seven curve shapes together with the relative occurrence of each of these 

(number of pixel per shape / total number of pixels in the ROI). For the quantitative model-

based analysis we applied the Tofts model4 using a measured AIF. The AIF was selected in 

the femoral artery or a branch thereof (its presence assessed on the images acquired with 

conventional sequences) and fitted to a model function previously described11. We used the 

Tofts model in its extended version, as follows:

where Ktrans = Kep υe is the volume transfer constant, Ct(t) the concentration in the tissue, 

and Cp(t) the plasma concentration or AIF. The concentration-time curves were obtained from 

the T1 maps, calculated from the Look-Locker sequence. Conversion from signal intensity 

to concentration was performed as previously described11. Average values of all quantita-

tive parameters (Ktrans, υe, Kep) and semiquantitative parameters (maximum enhancement, 

initial slope of increase, volume of enhancing pixels) were then calculated across the ROI. 

Table 1: MRI-based score for the Severity of perianal Crohn’s Disease9

Number of fistula tracks Score

None 0

Single, unbranched 1

Single, branched 2

Multiple 3

Location

Extra- or intersphincteric 1

Transsphincteric 2

Suprasphincteric 3

Extension

Infralevatoric 1

Supralevatoric 2

Hyperintensity on T2-weighted images

Absent 0

Mild 4

Pronounced 8

Collections (cavities > 3 mm diameter)

Absent 0

Present 4

Rectal wall involvement

Normal 0

Thickened 2
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Table 2: Perianal Disease Activity Index (PDAI)

Pain/restriction of activities Score

No activity restriction 0

Mild discomfort, no restriction 1

Moderate discomfort, some limitation activities 2

Marked discomfort, marked limitation 3

Severe pain, severe limitation 4

Restriction of sexual activity

No restriction 0

Slight restriction 1

Moderate limitation 2

Marked limitation 3

Unable to engage 4

Discharge

None 0

Minimal mucous 1

Moderate mucous or purulent 2

Substantial 3

Gross faecal soiling 4

Type of perianal disease

No perianal disease/skin tags 0

Anal fissure or mucosal tear 1

<3 perianal fistulae 2

≥3 perianal fistulae 3

Anal sphincter ulceration or fistulae with significant undermining of skin 4

Degree of induration

No induration 0

Minimal induration 1

Moderate induration 2

Substantial induration 3

Gross fluctuance/ abscess 4

We  calculated the absolute and relative number of each TIC shape within the ROI and the 

ratio of quickly enhancing types of TIC versus slowly enhancing TIC (ratio between TIC types 

3, 4, and 5 versus type 2). The DCE-MRI data were analyzed offline with home-written soft-

ware12. 

Clinical Evaluation

The PDAI (Table 2) was scored by a research fellow when the patient visited the radiology 

department. The PDAI incorporated five elements: presence or absence of discharge, pain or 

restriction of activities of daily living, restriction of sexual activity, type of perianal disease, 

and degree of induration13. Scores ranged from 0 to 20, higher scores indicating more severe 

disease.
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Results

Sixteen patients (seven men, nine women; median age, 34.5 years; range, 18–63 years) with 

perianal fistulizing Crohn disease were included in this study. Patients had a median disease 

duration of 8 years (range, 1–39 years). The fistula had been present a median of 5 years 

(range, < 1 to 16 years). All patients underwent MRI because of fistula activity during cur-

rent medication. None of the patients reported abdominal signs or symptoms at the time of 

the study. For Crohn disease maintenance therapy one patient (6%) used anti–TNF ; two 

(12%), steroids; four (25%), mercaptopurine; and three (19%), 5- aminosalicylic acid. Two 

patients (12%) had a seton in situ. Six patients formed a subgroup of patients who started 

treatment with anti–TNF  and underwent a second MRI examination 6 weeks later. Patient 

baseline scores are depicted in Table 3.

Table 3: severity indexes of the study population

Index All patients
(n=16)

Clinically active
 (n=9)

Clinically inactive
(n=7)

PDAI 

Median (range)

6.50 (1-15) 11 (6-15) 3 (1-5)

MRI-based score 

Median (range)

11 (4-18) 16 (4-18) 9 (4-17)

CRP 

Median (range)

4.5 (0-116) 23.4 (2.2-116) 1.3 (0-4.2)

Clinical Findings and Dynamic Contrast- Enhanced MRI Parameters

Nine patients had clinically active disease (PDAI > 5 or CRP > 5 mg/L). Patients with active 

disease had significantly higher maximum enhancement (p = 0.017) and volume of enhanc-

ing pixels (p = 0.002). PDAI moderately correlated with maximum enhancement (r = 0.67, 

p = 0.005), initial slope of increase (r = 0.58, p = 0.018), and volume of enhancing pixels 

 (r =  0.79, p < 0.001) (Table 4). Absolute pixel counts of TIC types 2–5 had moderate to strong 

correlations with PDAI. Relative pixel counts did not have a correlation with PDAI or CRP. For 

the quantitative parameters (Ktrans, υe, and Kep ), no correlations were found.

CRP

CRP concentration in milligrams per litre was determined as a biologic marker of disease 

activity at MRI. We divided the patients into two groups based on CRP and PDAI values. We 

defined clinically active disease as a PDAI greater than 5 combined with a CRP greater than 

5 mg/L because 5 mg/L is used at our institution as a cut-off between normal and elevated 

CRP. For PDAI, no cut-off value between active perianal disease and remission has been estab-

lished, to our knowledge. We chose a cut-off value of 5, as used in a previous study on this 

topic5 and based on findings by Present et al.7.

Clinical Follow-Up

Follow-up data were collected for all patients for a minimum of 11 months (median, 423 

days; range, 263–692 days). Three separate events were recorded: whether surgery had been 

performed for perianal Crohn disease; whether new abscess formation had occurred; and 

whether a change in medication was necessary (addition of antibiotics, immunosuppressive 

medication, or biological). The patients who started with anti–TNF  treatment, either inflix-

imab (Remicade, Schering-Plough) or adalimumab (Humira, Abbott Laboratories) underwent 

MRI 6 weeks after the start of treatment for assessment of initial treatment response. This 

subgroup of patients had not previously undergone any kind of anti–TNF  treatment. 

Statistical analysis

The Spearman rank correlation test was used to calculate correlation coefficients between 

DCE-MRI parameters and the reference parameters (PDAI, CRP, and MRI-based score). Correla-

tion coefficient values were interpreted as follows: 0.0, no correlation; 0.2, weak correlation; 

0.5, moderate correlation; 0.8, strong correlation; 1.0, perfect correlation14. To compare ordi-

nal variables (T1 enhancement and T2 hyperintensity) with continuous variables (DCE MRI 

parameters), we used a chi-square linear-by-linear association. The Mann-Whitney U test was 

used to calculate differences in DCE-MRI parameters between the predefined groups of pa-

tients (active versus inactive disease, event versus no event). The Wilcoxon signed rank test 

was used for repeated measurements to test for differences between Ktrans values before and 

after therapy. Values of p < 0.05 were considered to indicate statistical significance.
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Table 5: Chi-square linear by linear association of DCE parameters with MRI parameters T1 

 enhancement and T2 hyperintensity in the whole study group (n=16). 

DCE-MRI parameter T1 enhancement T2 signal intensity

Maximum enhancement p=0.055 p=0.474

Initial slope of increase p=0.961 p=0.874

Ktrans p=0.332 p=0.112

Kep p=0.675 p=0.472

υe p=0.505 p=0.112

Volume of enhancing pixels  p=0.006 p=0.112

indicates significant difference 

Follow-up

One-year follow-up information was available for 15 of the 16 patients. One patient was lost 

to follow-up owing to emigration. Seven patients (43%) needed intervention: three patients 

had an abscess, one patient needed surgical treatment, and three changed medication during 

the follow-up period. There was a significantly larger volume of enhancing pixels in patients 

in whom an adverse event occurred (p = 0.028); all other parameters were not significantly 

correlated (Table 6). Among patients in whom an adverse event occurred, there was a strong 

significant correlation between maximum enhancement and PDAI (r = 0.881, p = 0.009) 

(Table 7). There was no correlation or association between the other DCE-MRI parameters, 

PDAI, and T1 enhancement or T2 hyperintensity. In the subgroup of six patients who under-

went anti–TNF  treatment, 6 weeks after the start of anti–TNF  therapy, Ktrans values were 

significantly lower (mean, 0.509 [95% CI, 0.286–0.732] versus 0.320 [95% CI, 0.152– 0.488]; 

p = 0.027) (Fig. 3 and Table 8). Three patients had only a small decrease in Ktrans. One of these 

patients used a purine antagonist and one, steroids. The third patient did not use any concur-

rent medication. Two of the patients who had a larger decrease in Ktrans were undergoing 

concurrent purine antagonist treatment.

Table 4: DCE parameters versus reference parameters in the whole study group (n=16).

DCE-MRI parameter PDAI CRP MRI-based score

Maximum 

 enhancement

 r=0.67 (p=0.005)  r=0.57 (p=0.022)  r=0.47 (p=0.069)

Initial slope of 

 increase

 r=0.58 (p=0.018)  r=0.60 (p=0.014)  r=0.20 (p=0.461)

Ktrans  r=0.28 (p=0.292)  r=0.11 (p=0.687)  r=0.43 (p=0.100)

Kep  r=0.20 (p=0.467)  r=0.29 (p=0.280)  r=0.37 (p=0.158)

υe  r=0.137 (p=0.639)  r=-0.15 (p=0.593)  r=0.17 (p=0.542)

Volume of enhanc-

ing pixels

 r=0.79 (p<0.001)  r=0.52 (p=0.041)  r=0.79 (p<0.001)

indicates significant difference 

Initial slope of increase and volume of enhancing pixels were significantly higher in pa-

tients with elevated CRP (p = 0.030, p = 0.039). CRP moderately correlated with maximum 

enhancement (r = 0.57, p = 0.022), initial slope of increase (r = 0.60, p = 0.014), and volume 

of enhancing pixels (r = 0.52, p =0.041) (Table 3). No correlations were found between CRP 

and the quantitative parameters.

MRI-Based Score

Patients with clinically active disease had a significantly higher MRI-based score (p = 0.029). 

The MRI-based score had weak to moderate correlation with maximum enhancement and 

volume of enhancing pixels (Table 4). Total pixel counts of individual TIC types 2, 3, and 5 had 

moderate to strong correlation with the MRI-based score. T2 hyperintensity was absent in 

two fistulas (12%) and mild in 14 (88%). T1 enhancement was absent in one fistula (6%), mild 

in eight (50%), moderate in four (25%), and severe in three fistulas (19%). There was a sig-

nificant association between volume of enhancing pixels and T1 enhancement (p = 0.006). 

There were no associations between T1 enhancement or T2 signal intensity and any other 

DCE-MRI parameter (Table 5).
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In patients whose anti–TNF  therapy was stopped before deep internal healing occurred, the 

fistula later reopened. DCE-MRI parameters, especially Ktrans, may help in prediction of out-

come, because mean Ktrans values decrease after the start of anti–TNF  therapy, indicating 

changes in vessel permeability and thus a reduction of angiogenesis and a possible initial 

effect of therapy on these patients. These patients need clinical monitoring if this hypothesis 

is indeed true, and Ktrans values can be used as a response marker. A previous study20 showed 

a significantly higher Ktrans value in actively inflamed terminal ileum compared with a nor-

mal ileal loop, but there was no correlation between a pathologic reference standard and 

Ktrans values [21]. According to the results of both our study and previous studies, Ktrans can-

not be used directly as a predictor, but changes in Ktrans may be indicative of changes in in-

flammatory parameters. In three patients the Ktrans value decreased only marginally. Two of 

these patients were undergoing concurrent purine antagonist or steroid treatment. A possi-

ble effect of these concurrent therapies is not eliminated. It has to be emphasized, however, 

that these results were obtained in a small cohort (only six patients underwent follow-up 

MRI), and further research has to be conducted to see whether Ktrans value is predictive of 

clinical response. Maximum enhancement and initial slope of increase had moderate correla-

tion with the reference standards. In patients who needed intervention, there was a strong 

correlation with PDAI. This result was likely caused by increased perfusion due to high vas-

cularisation of the inflamed tissue. A previous study5 did not show this correlation, but the 

investigators did not use the same DCE-MRI protocol (which differed in field strength, wheth-

er the images were 2D or 3D, imaging parameters, and whether the whole lesion volume 

instead of a single slice was analyzed). No correlation was found between Ktrans and the refer-

ence standards. This result might have occurred because of deficiencies in the clinical scoring 

systems or because Ktrans is not representative of the severity of inflammation. Other studies 

have shown either an increased Ktrans value in inflamed terminal ileum20 or no correlation in 

comparison with a pathologic inflammatory reference standard21. Ktrans values should there-

fore not be measured as a single value; changes in Ktrans may be more indicative of changes 

in inflamed tissues. A previous study21 also showed that maximum enhancement correlates 

with disease duration and that DCE-MRI parameters do not one on one depict inflammation 

but most likely depict change due to exacerbations and remissions during the disease course. 

In comparisons of the subjective visual MRI parameters T1 enhancement and T2 hyperinten-

sity with the DCE-MRI parameters, an association was found only between the volume of 

enhancing pixels and T1 enhancement. This finding was expected because these two charac-

Table 6: Mean values of clinical parameters, DCE-MRI parameters in patients were an event oc-

curred versus patients were no adverse events occurred

Mean no event (n=8) Mean event (n=7) p-value

PDAI 5.5 10.0 0.072

CRP 10 31 0.054

Maximum enhancement 1.51 2.05 0.054

Initial slope of increase 53 63 0.336

Ktrans 0.489 0.528 0.867

Kep 0.709 0.871 0.189

υe 0.725 0.588 0.463

Volume of enhancing pixels 1.04 6.25 0.029

indicates significant difference

Discussion

Our study is the first, to our knowledge, to provide both quantitative and semiquantitative 

DCE-MRI analysis parameters of fistulas in patients with perianal Crohn disease. Our most 

important finding was that in patients undergoing anti–TNF  therapy, Ktrans values were 

significantly lower 6 weeks after the start of treatment. In addition, maximum enhancement, 

initial slope of increase, and volume of enhancing pixels had a significant, moderate correla-

tion with PDAI and CRP. The quantitative parameters Ktrans, υe, and Kep did not correlate cor-

relate with PDAI, CRP, MRI-based score, or T1 enhancement and T2 hyperintensity. For the 

different curve shapes, only correlations between PDAI and absolute amount of certain curve 

types were found. Relative pixel counts of any of the curve shapes did not correlate with any 

of the reference standards, a finding consistent with results of an earlier study5. DCE-MRI is 

primarily used in cancer studies in which patients undergo treatment with anti-angiogenic 

agents15. Chronic inflammation also causes neoangiogenesis16, and permeability of the vas-

cular endothelium increases. This increased permeability is highlighted by a high Ktrans val-

ue17. Neoangiogenesis and vascular remodelling are often present in patients with Crohn 

disease18, and the TNF  inhibitor infliximab reduces this inflammation-induced angiogenesis 

in Crohn disease patients19. In most clinical studies, fistula closure is an important endpoint. 

Clinical healing occurs before evidence of deep healing can be visualized on MR images8. 
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T1 value of blood cannot be extracted in the Look-Locker sequence because of flow problems, 

and the blood T1 value had to be inserted manually. We chose a T1 of 1700 ms for all of the 

patients, but we are aware that T1 can change according to hematocrit, which is unknown. 

All these uncertainties result in variations in the measured Ktrans that are difficult to esti-

mate. We performed the TIC shape analysis pixel by pixel. Though this model has been found 

robust, it is important to realize that classification depends on arbitrary choices in DCE-MRI 

parameters, such as AIF and noise ratio threshold.

Conclusion

The semiquantitative parameters maximum enhancement and initial slope of increase can 

be used to evaluate disease activity in patients with perianal Crohn disease. The quantitative 

parameter Ktrans may be an indicator of the effect of therapy.

teristics are two aspects of the same effect (the size of the lesion was based on findings on 

contrast-enhanced T1-weighted images). There were no associations between any other pa-

rameters. DCE MRI parameters cannot be interchanged by simple visual assessment. This is 

also evidenced by the fact that T1 enhancement and T2 hyperintensity did not decrease in all 

six patients who underwent follow-up.

A number of study limitations have to be taken into account to understand the validity 

of this study. One is the limited sample size of the cohort, especially the number of patients 

undergoing follow-up MRI. It was not possible to compare clinical response in these patients 

because not all patients continued with anti–TNF  therapy for a whole year (for various rea-

sons, such as pregnancy and side effects). More important, our study did not have a perfect 

reference standard. PDAI is commonly used in these studies but is based on clinical parame-

ters, which are partly made up of the patient’s subjective experience of the disease rather 

than objective inflammatory and anatomic parameters. CRP is the most widely used bio-

chemical marker of inflammation in Crohn disease but is not specific for perianal fistulas and 

can reflect and other inflammatory processes occurring at the time of investigation. The 

MRI-based score is an activity score based on anatomic and inflammatory MRI parameters9. 

Other limitations came from the DCE-MRI technique, and they apply to all studies in which 

this technique is used. The DCE-MRI data can be analyzed with different degrees of complex-

ity, ranging from a simple analysis of the parameters of the TIC (semiquantitative analysis) 

to complex pharmacokinetic modelling (quantitative analysis). Both were used in this study, 

together with a heuristic method of classifying the TIC shapes. The parameters obtained by 

semiquantitative analysis (represented in the study by maximum enhancement and initial 

slope of increase) are completely dependent on the parameters chosen for the MRI examina-

tion and cannot be compared between studies. In this study we were careful to keep the 

imaging protocol the same across the whole study (including not only the same parameters 

but also factors such as injection rate and dosage), trying to minimize the acquisition-related 

variations. The quantitative analysis suffered from a number of problems related to the mod-

el chosen. We used the Tofts model. In this model, contrast agent concentration is the input 

and depends on the choice of the AIF. It is known that the choice of AIF plays a pivotal role in 

modelling and that small variation in AIF can lead to large variations in the calculated pa-

rameters (Ktrans and υe). We chose a patient-dependent AIF because inflow of contrast agent 

depends on variables such as cardiac output, and it therefore may be more reliable than a 

measured patient average11. Still, there are unknowns in the calculation of the AIF. The real 
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