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ABSTRACT 

Purpose 

To assess quantitative and qualitative analysis of dynamic contrast enhanced 

magnetic resonance imaging (DCE-MRI) for the evaluation of disease activity and 

therapy response in perianal fistulizing Crohn’s disease. 

Materials and Methods 

Sixteen consecutive patients with perianal Crohn’s disease underwent pelvic MRI. 

A dynamic contrast enhanced sequence was performed at 3T (temporal resolution 

4.2 seconds) during intravenous contrast injection. Maximum enhancement (ME), 

initial slope of increase (ISI), the volume transfer constant (K
trans

) and the 

extravascular space fractional volume (ve) were calculated within a Region of 

Interest drawn around the fistula. Perianal disease activity index (PDAI), C-reactive 

protein (CRP), and a MRI-based activity score were calculated. Six patients were 

scanned a second time after starting anti-Tumor Necrosis Factor α (anti-TNFα) 

treatment. 

Results 

PDAI moderately correlated to ME (r=0.669; p=0.005) and ISI (r=0.582; p=0.018) 

and volume of enhancing pixels (r=0.786; p<0.001), but not to K
trans

 or ve. Volume 

of enhancing pixels also correlated with CRP and the MRI-based score (r=0.516; 

p=0.041 and r=0.786; p<0.001 respectively). K
trans

 values decreased significantly 

six weeks after starting anti-TNF-α therapy. 

Conclusion 

ME and ISI correlate with disease activity in perianal Crohn’s disease. K
trans

 may be 

an indicator of effect of therapy in patients starting anti-TNFα treatment. 
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INTRODUCTION 

Perianal fistulas are a common finding in patients with Crohn’s disease (1). To 

determine treatment strategy and response, the course of the perianal fistula and 

its inflammatory activity have to be evaluated. Magnetic Resonance Imaging (MRI) 

is now the recommended initial examination for assessing perianal fistulas (2). For 

assessing active inflammation, a T1-weighted contrast enhanced sequence is 

performed. Enhancement indicates active inflammation as it reflects increased 

tissue perfusion and vascular permeability (3). Usually, enhancement is only 

assessed on conventional post-contrast imaging at one time-point and the grading 

is subjective. Subjective grading has intrinsic limitations while conventional post-

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

vascularisation. With dynamic contrast enhanced MR imaging (DCE-MRI), images 

are acquired during the delivery of the contrast agent in the tissue of interest, 

reflecting the dynamic response of the tissue to the inflow of blood. The signal 

intensity of the tissue on a T1-weighted scan increases as a result of contrast 

leaking from the capillary into the extracellular extra-vascular space. By scanning 

dynamically, time intensity curves (TIC) are acquired, i.e. curves representing the 

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

parameters such as TIC shapes and the volume transfer constant (K
trans

) values 

have often been considered a mirror of the physiological parameters of the tissue 

(e.g. capillary permeability, tissue vascularisation) that are changed in inflammatory 

conditions (4). A previous study used qualitative DCE-MRI for the evaluation of 

perianal fistulas and showed significant correlations between absolute number of 

certain TIC shape types and the perianal disease activity index (PDAI) (5). 

However, quantitative information on fistula perfusion (i.e. K
trans

) was not provided. 

In patients with rheumatoid arthritis of the wrist K
trans

 values decreased 20% after 

anti Tumor necrosis factor- alpha (anti-TNFα), indicating a change in inflammatory 

activity that represents possibly therapy response (6). Anti-TNFα reduces short-

term fistula drainage (7) and causes internal healing (8) possibly by inhibition of 

neo-angiogenesis. 

The purpose of this study was to assess DCE-MRI parameters (both quantitative 

and qualitative) for the evaluation of disease activity and response to anti-TNFα 

treatment of perianal fistulizing Crohn’s disease. 
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MATERIALS AND METHODS 

Study population 

From August 2008 until December 2009 16 consecutive patients with known 

Crohn’s disease and suspected for perianal fistula who underwent pelvic MR 

imaging at the radiology department of a tertiary referral center were included in 

this prospective study. The indication for MRI was evaluation of perianal Crohn’s 

disease. The general exclusion criteria to MR imaging (e.g. pacemaker) were 

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

given by the institutional review board. 

MR imaging technique 

MR imaging was performed on a 3.0 T-MRI (Intera, Philips Healthcare, Best, The 

Netherlands) using a 6-channel torso phased array body coil with patients in supine 

position. Sagittal, coronal and transversal T2-weighted Fast Spin Echo sequences 

were performed with the coronal sequence angulated parallel and the transversal 

sequence angulated perpendicular to the anal canal (TR/TE 3000/80ms, slice 

thickness 4mm, matrix 400x400, FOV 360x360mm). A fat suppressed T2-weighted 

Fast Spin Echo sequence was performed in the transversal plane (TR/TE 

3000/70ms, flip angle 90 degrees, slice thickness 2mm, matrix 304x304, FOV 

360x360mm). After completion of these series a T1-measurement was performed 

using a classic Look Locker sequence in combination with a 3D Turbo Field Echo 

sequence. A dynamic transversal 3D T1-weighted Fast Spoiled Gradient Echo 

sequence was performed, consisting of 70 consecutive scans with a temporal 

resolution of 4.2 seconds. Scan parameters were as follows: FOV 200x200x60mm, 

spatial resolution 1.38x1.38x4mm, scan matrix 144x144x15, TR/TE  5.12/2.3 ms, 

flip angle 30 degrees, bandwidth per pixel 433Hz. Orientation of the dynamic scan 

was perpendicular to the anal canal. Five seconds after the start of the scan 0.1 

ml/kg bodyweight of contrast agent (Gadodiamide; Gadovist, Bayer Schering 

Pharma, Berlin, Germany) was injected through a 20 GA intravenous catheter in 

the antecubital vein by bolus injection (5 ml/s) using an automated injection pump 

(Mallinckrodt Optistar, Liebel-Flarsheim, Cincinnati, Ohio, USA). Injection of 

contrast medium was immediately followed by a chase of 15 or 20 ml saline (5 

ml/s) depending on the length of the contrast injection tube. After completion of the 

dynamic sequence a transversal T1-weighted Fast Spin Echo with fat saturation 

was acquired (TR/TE 700/10ms, flip angle 90 degrees, slice thickness 4mm, 15 
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slices, FOV 300x300mm, matrix 256x256). Orientation of all transversal sequences 

was identical. 

 

Number of fistula tracks  

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 

 

Table 1: MRI-based score for the Severity of perianal Crohn’s Disease (9) 
 

Analysis of conventional MRI data 

All MRI examinations were evaluated by an experienced abdominal radiologist with 

prior experience in evaluation of pelvic MRI examinations (approximately 600 

examinations for perianal fistulas). For determination of disease activity, the MRI-

based score of disease severity was scored as developed by Van Assche (9). This 

score consists of both anatomical parameters and parameters indicative of active 

inflammation (table 1). Scores range from 0 to 22 with higher scores indicating 

more severe disease. This score does not include evaluation of contrast-enhanced 

sequences. 

Analysis of DCE-MRI 

The contour of the fistula was first assessed on the T2 Fast Spin Echo image and 
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then a Region of Interest (ROI) was drawn around the fistula on the T1-weighted 

dynamic scan by a research fellow [MLWZ]. 

We analyzed the DCE-MRI data both in a qualitative fashion and quantitative 

(model based) fashion. In each ROI we calculated the relative Maximum 

Enhancement (ME) and the Initial Slope of Increase (ISI). Subsequently TIC 

shapes were classified on a pixel-by-pixel basis. Seven different curve shapes, 

classified according to the scheme described by Lavini et al. (10), were each 

assigned a unique color (figure 1 and 2). The pixel-by-pixel TIC classification was 

then rendered in a color-coded map, providing a high resolution description of the 

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

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 pixel in the ROI). For 

the quantitative model based analysis we applied Tofts’ model (4) using a 

measured Arterial Input Function (AIF). The AIF was selected in the femoral artery 

or a branch thereof, and fitted to a model function as described in (11). We used 

Tofts’ model in its extended version 
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with K
trans

=Kepve being the volume transfer constant, Ct(t) the Concentration in the 

tissue and Cp(t) being 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 in 

(11). Average values of all quantitative parameters (K
trans

, ve, Kep) and semi-

quantitative parameters (ME, ISI, volume of enhancing pixels) were then calculated 

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

type within the ROI and the ratio of quickly enhancing types of TIC versus slowly 

enhancing TIC (ratio between TIC type 3, 4 and 5 versus 2). The DCE-MRI data 

were analyzed off-line using home-written software (12).  

Clinical evaluation 

PDAI: The PDAI (table 2) was scored by a research fellow [MLWZ] at the time of 

the visit 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 (13). Scores range from 0 to 20, with higher scores indicating more 

severe disease. 
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Figure 1. Dynamic contrast enhanced MR imaging findings in a 24-year old female with a 
transsphincteric fistula and a seton in situ. A. Axial oblique fat-saturated T2-weighted fast 
spin-echo image shows perianal fistulizing disease. B, ME-map of the same section. ME of 
the perianal fistula is higher than that of the surrounding tissue. C TIC shape type map with 
in the fistula type 3 and 5 (fast rising pixels). 
 

 

Figure 2. Dynamic contrast enhanced MR imaging findings in a 63-year old male with a 
transsphincteric fistula. A. Axial oblique fat-saturated T2-weighted fast spin-echo image 
shows perianal fistulizing disease. B, ME-map of the same section. ME of the perianal fistula 
is higher than that of the surrounding tissue. C TIC shape type map. 
 

C-reactive protein C-reactive protein (CRP; mg/L) was determined as a biological 

marker of disease activity at the time of the MRI.  

Clinically active versus inactive disease We divided the patients into two groups 

based on CRP-values and PDAI-values. We defined clinically inactive disease as a 

PDAI value < 5 combined with a CRP-value <5 mg/L, because 5 mg/L is used in 

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 established yet. We 

chose a cut-off value of 5, as used in a previous study on this topic (5), 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). Three separate events were recorded: 1) if surgery had 

taken place for perianal Crohn’s disease; 2) if new abscess formation had taken 

place; 3) if a change in medication was necessary (addition of antibiotics and/or 

immunosuppressive medication and/or biologicals). 
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Perianal disease activity   Score 

Pain/restriction of activities 

No activity restriction 
Mild discomfort, no restriction 
Moderate discomfort, some limitation 
activities 
Marked discomfort, marked limitation 
Severe pain, severe limitation 

0 
1 
2 
 
3 
4 

Restriction of sexual activity 

No restriction  
Slight restriction  
Moderate limitation  
Marked limitation  
Unable to engage  

0 
1 
2 
3 
4 

Discharge 

None 
Minimal mucous  
Moderate mucous or purulent  
Substantial  
Gross fecal soiling 

0 
1 
2 
3 
4 

Type of perianal disease 

No perianal disease/skin tags 
anal fissure or mucosal tear 
<3 perianal fistulae 
≥3 perianal fistulae 
Anal sphincter ulceration or fistulae 
with significant undermining of skin 

0 
 
1 
2 
3 
4 

Degree of induration 

No induration 
Minimal induration 
Moderate induration 
Substantial induration 
Gross fluctuance/ abscess 

0 
1 
2 
3 
4 

 
Table 2: PDAI  scores. 
 

The patients who started with anti-TNFα treatment, either infliximab (Remicade; 

Schering-Plough) or adalimumab (Humira; Abbott laboratories) were scanned six 

weeks after starting treatment to assess initial treatment response. 

Statistical analysis 

Spearman’s rank correlation test was used to calculate correlation coefficients 

between DCE-MRI parameters and the reference parameters (PDAI, CRP and 

MRI-based score). 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 (14). The Mann-Whitney U test was used to 

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

patients. The Wilcoxon signed rank test was used for repeated measurements to 
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test for differences between K
trans

 values before and after therapy. P-values <0.05 

were considered to indicate statistical significance. 

 

RESULTS 

Sixteen patients were included in this study (7 males; 9 females), with a median 

age of 34.5 years (range 18-63) with perianal fistulizing Crohn’s disease. One 

patient used anti-TNFα (6%), two steroids (19%), four mercaptopurine (25%) and 

three 5-aminosalicylic acid (19%) for Crohn’s disease maintenance therapy. Two 

patients (13%) had a seton in situ. Six patients formed a subgroup of patients that 

started with anti-TNFα and were scanned a second time after six weeks. Patient 

baseline scores are depicted in table 3. 

Clinical findings and DCE-MRI parameters 

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

active disease had significantly higher ME and volume of enhancing pixels 

(p=0.017 and p=0.002 respectively). 

PDAI was moderately correlated to ME (r=0.669; p=0.005) and ISI (r=0.582; 

p=0.018) and volume of enhancing pixels (r=0.786; p<0.001) (table 4). Absolute 

pixel counts of TIC type 2, 3, 4 and 5 showed moderate to strong correlations with 

PDAI. Relative pixel counts did not show a correlation with PDAI or CRP. For the 

quantitative parameters (K
trans

, ve and Kep) no correlations were found. 

ISI and volume of enhancing pixels were significantly higher in patients with 

elevated CRP (p=0.030 and p=0.039 respectively). CRP level was moderately 

correlated to ME (r=0.566; p=0.022), ISI (r=0.602; p=0.014) and volume of 

enhancing pixels (r=0.516; 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 showed a weak to moderate correlation with ME 

and volume of enhancing pixels (table 3). Total pixel counts of the individual TIC 

curve types 2, 3, 5 showed moderate to strong correlations with the MRI-based 

score.  

Follow-up 

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

follow-up due to emigration. Eight patients needed an intervention (53%); three 

patients developed an abscess, one patient needed surgical treatment and two 
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changed medication within the follow-up time. There was a significantly larger 

volume of enhancing pixels in patients were an event occurred (p=0.028), all other 

parameters were not significantly correlated. 

In the subgroup of patients with anti-TNFα treatment, six weeks after starting anti-

TNFα therapy K
trans

 values were significantly lower in these six patients (mean 

K
trans

 0.509 versus 0,320; p=0.027) (figure 3). Kep (p=0.116), ve (p=0.173), ME 

(p=0.345), ISI (p=0.345), volume of enhancing pixels (p=0.075) and PDAI 

(p=0.257) were not significantly different between patients who needed an 

intervention and those who did not.
 

                         

 
Figure 3. K

trans
 values before and six weeks after start of anti-TNFα therapy. All K

trans
 values 

decrease after anti-TNFα therapy. 
 

DISCUSSION 

Our study is the first to provide both qualitative and quantitative DCE analysis 

parameters of fistulas in patients with perianal Crohn’s disease. Our most important 

finding was that in patients with anti-TNFα therapy, K
trans

 values were significantly 

lower six weeks after starting treatment. In addition, ME and ISI and volume of 

enhancing pixels showed a significant, moderate correlation with PDAI and CRP. 

The quantitative parameters K
trans

, ve and Kep did not correlate with PDAI, CRP and 

MRI-based score. For the different shape curves only correlations of PDAI with 

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, which is 

consistent with an earlier study (5). 

DCE-MRI is primarily applied in cancer studies where patients receive treatment 

with antiangiogenic agents (15). Chronic inflammation also causes neo-

angiogenesis (16) and permeability of the vascular endothelium increases. This 

increased permeability is highlighted by a high K
trans

 (17). Neo-angiogenesis and 
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vascular remodeling are often present in Crohn’s disease patients (18) and the 

TNFα inhibitor Infliximab reduces this inflammation-induced angiogenesis in 

Crohn’s disease patients (19) K
trans

 values decreased significantly six weeks after 

starting anti-TNFα therapy, indicating changes in vessel permeability and thus a 

reduction of angiogenesis and a possible initial effect of therapy in these patients. 

Yet, it has to be stressed that these results were obtained with a small cohort (only 

six patients had a follow-up scan) and further research has to be conducted to see 

if this can predict clinical response. 

ME and ISI showed moderate correlations with the reference standards. This is 

likely caused by increased perfusion due to high vascularisation of the inflamed 

tissue. A previous study, however, did not find this correlation (5), but did not use 

the same DCE-MRI protocol (which differed in field strength, scan type (2D/3D), 

scan parameters, and in the fact that we analyzed the whole lesion volume instead 

of a single slice). 

No correlation was found between K
trans

 and the reference standards. This might 

be due to the deficiencies in the clinical scoring systems or that K
trans

 is not 

representative of the severity of inflammation. 

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

validity of this study. One of those is certainly the limited sample size of the overall 

cohort and especially the number of patients with a follow-up scan. It was not 

possible to compare clinical response in these patients as not all patients continued 

with the anti-TNFα for a whole year (for various reasons, pregnancy, side effects 

etc). 

More importantly, our study does not have a perfect reference standard. PDAI is 

commonly used in these studies, but is based on clinical parameters that are partly 

made up of the patient’s subjective experience of the disease, rather than objective 

inflammatory or anatomical parameters. CRP is the most widely used biochemical 

marker of inflammation in Crohn’s disease, but is not specific for perianal fistulas, 

and can reflect and other inflammatory process occurring at the time of the 

investigation. MRI-based score is an activity score based on anatomical and 

inflammatory MRI-parameters (9). 

Other limitations come from the DCE-MRI technique, and apply to all the studies in 

general which make use of this technique. The analysis of DCE-MRI data can be 

done with different degree of complexity ranging from a simple analysis of the 

parameters of the TIC (qualitative analysis) to complex pharmacokinetic modelling 
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(quantitative analysis). Both were used in this study, together with a heuristic 

method of classifying the TIC shapes. The parameters obtained by the qualitative 

analysis (represented in the study by ME and ISI) are completely dependent on the 

parameters chosen for the MR scan, and cannot be compared between studies.  

 

 
Table 3: severity indexes of the study population  
 

 
Table 4: DCE-MRI versus reference parameters. 
 

In this study we were careful to keep the scan protocol the same across the whole 

study (this including not only the same scan parameters, but also injection rates, 

dosage etc), in this way trying to minimize the scan-related variations. The 

quantitative analysis suffers from a number of problems related to the model 

chosen. In this paper we chose to use Tofts’ model. This model uses contrast 

agent concentration as input, and depends on the choice of the AIF. It is known 

that the choice of the AIF plays a pivotal role in the modeling, and that small 

variation of the AIF can lead to large variations in the calculated parameters (K
trans

 

and ve). We have chosen a patient dependent AIF because inflow of contrast agent 

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

measured patient average (11). Still there are unknowns in the calculation of the 

AIF. The real T1 value of blood cannot be extracted from the Look Locker 

sequence because of flow problems, and the blood T1 value had to be inserted 

“manually”. We chose a T1 value of 1700 ms for all the patients, though we are 

Index All patients Clinically active Clinically 

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) 

DCE-MRI PDAI CRP MRI-based score 

ME r=0.669 (p=0.005) r=0.566 (p=0.022) r=0.466 (p=0.069) 

ISI r=0.582 (p=0.018) r=0.602 (p=0.014) r=0.199 (p=0.461) 

K
trans

 r=0.281 (p=0.292) r=0.109 (p=0.687) r=0.426 (p=0.100) 

Kep r=0.196 (p=0.467) r=0.288 (p=0.280) r=0.370 (p=0.158) 

ve r=0.127 (p=0.639) r=-0.145 r=0.165 (p=0.542) 

Volume of 

enhancing pixels 

r=0.786 (p<0.001) r=0.516 (p=0.041) r=0.786 (p<0.001) 
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aware that the T1 can significantly change according to the blood’s heamatocrit, 

which is unknown. All these uncertainties result in variations in the measured K
trans

 

which are difficult to estimate. The TIC shape analysis we performed was done on 

a pixel-by-pixel basis. Though this has been shown to be a robust method, it is 

important to realize that classification is dependent on some arbitrary choices in 

DCE-MRI parameters such as AIF and noise ratio threshold. 

In conclusion, the semi-quantitative parameters ME and ISI can be used to 

evaluate disease activity in patients with perianal Crohn’s disease. The quantitative 

parameter K
trans

 may be an indicator of effect of therapy. 

 

REFERENCES 

1.  American Gastroenterological Association medical position statement: 

perianal Crohn’s disease. Gastroenterology 2003:125:1503-7. 

2.  Van Assche G, Dignass A, Reinisch W, et al. The second European evidence-

based Consensus on the diagnosis and management of Crohn’s disease: 

Special situations. Journal of Crohn’s and Colitis 2010:4:63-101. 

3.  Halligan S, Stoker J. Imaging of fistula in ano. Radiology 2006:239:18-33. 

4.  Tofts PS, Brix G, Buckley DL, et al. Estimating kinetic parameters from 

dynamic contrast-enhanced T(1)-weighted MRI of a diffusable tracer: 

standardized quantities and symbols. Journal of magnetic resonance imaging: 

JMRI. 1999:10:223-32. 

5.  Horsthuis K, Lavini C, Bipat S, Stokkers PCF, Stoker J. Perianal Crohn 

disease: evaluation of dynamic contrast-enhanced MR imaging as an indicator 

of disease activity. Radiology 2009:251:380-7. 

6.  Hodgson RJ, Connolly S, Barnes T, Eyes B, Campbell RSD, Moots R. 

Pharmacokinetic modeling of dynamic contrast-enhanced MRI of the hand 

and wrist in rheumatoid arthritis and the response to anti-tumor necrosis 

factor-alpha therapy. Magnetic resonance in medicine: official journal of the 

Society of Magnetic Resonance in Medicine / Society of Magnetic Resonance 

in Medicine. 2007:58:482-9. 

7.  Present DH, Rutgeerts P, Targan S, et al. Infliximab for the treatment of 

fistulas in patients with Crohn’s disease. The New England journal of 

medicine. 1999:340:1398-405. 

8.  Ng SC, Plamondon S, Gupta A, et al. Prospective evaluation of anti-tumor 

necrosis factor therapy guided by magnetic resonance imaging for Crohn’s 



CHAPTER 9                                    DCE-MRI in Crohn’s disease 

 174

perineal fistulas.  The American journal of gastroenterology. 2009:104:2973-

86. 

9.  Van Assche G, Vanbeckevoort D, Bielen D, et al. Magnetic resonance 

imaging of the effects of infliximab on perianal fistulizing Crohn’s disease. The 

American journal of gastroenterology. 2003:98:332-9. 

10.  Lavini C, Jonge MC de, Sande MGH van de, Tak PP, Nederveen AJ, Maas M. 

Pixel-by-pixel analysis of DCE MRI curve patterns and an illustration of its 

application to the imaging of the musculoskeletal system. Magnetic resonance 

imaging. 2007:25:604-12. 

11.  Lavini C, Verhoeff JJC. Reproducibility of the gadolinium concentration 

measurements and of the fitting parameters of the vascular input function in 

the superior sagittal sinus in a patient population. Magnetic resonance 

imaging. 2010:28:1420-1430. 

12.  Lavini C, Maas M. DCE-MRI analysis package comprising pixel-by-pixel 

classification of time intensity curves shapes, permeability maps and Gd 

concentration calculation. Magnetic resonance Materials in Physics, Biology 

and Medicine. 2008 ;21(supplement 2):252. 

13.  Irvine EJ. Usual therapy improves perianal Crohn’s disease as measured by a 

new disease activity index. McMaster IBD Study Group. Journal of clinical 

gastroenterology. 1995:20:27-32. 

14.  Zou KH, Tuncali K, Silverman SG. Correlation and simple linear regression.  

Radiology. 2003 Jun ;227(3):617-22. 

15.  Rehman S, Jayson GC. Molecular imaging of antiangiogenic agents. The 

oncologist. 2005 Feb ;10(2):92-103. 

16.  Majno G. Chronic inflammation: links with angiogenesis and wound healing. 

The American journal of pathology. 1998:153:1035-9. 

17.  Zweifel M, Padhani AR. Perfusion MRI in the early clinical development of 

antivascular drugs: decorations or decision making tools? European journal of 

nuclear medicine and molecular imaging. 2010:37 Suppl 1S164-82. 

18.  Danese S, Sans M, Motte C de la, et al. Angiogenesis as a novel component 

of inflammatory bowel disease pathogenesis. Gastroenterology 2006: 

130:2060-73. 

19.  Rutella S, Fiorino G, Vetrano S, et al. Infliximab Therapy Inhibits Inflammation-

Induced Angiogenesis in the Mucosa of Patients With Crohn’s Disease. The 

American journal of gastroenterology. 2011:106:762-70. 




