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Introduction

Crohn disease (CD) is a chronic inflammatory disorder of the entire digestive tract, frequently involving the terminal ileum and characterized by repeated inflammatory flares leading to bowel damage [START_REF] Petagna | Pathophysiology of Crohn's disease inflammation and recurrence[END_REF]. Despite the introduction of new targeted therapies during the last two decades, most patients require surgical resection, with ileocecal resection being the most frequent [START_REF] Malgras | Accuracy of imaging for predicting operative approach in Crohn's disease[END_REF]. However, up to 70% of patients develop recurrent lesions in the neoterminal ileum within one year after resection [START_REF] Rutgeerts | Natural history of recurrent Crohn's disease at the ileocolonic anastomosis after curative surgery[END_REF]. Diagnosis of recurrence at the anastomotic site is usually performed using ileocolonoscopy and recommendations advocate a systematic ileocolonoscopy six to twelve months after CD-related ileocolonic resection, as recurrences are most often clinically silent and are predictive of clinical relapse [START_REF] Buisson | Faecal calprotectin is a very reliable tool to predict and monitor the risk of relapse after therapeutic de-escalation in patients with inflammatory bowel diseases[END_REF][START_REF] Cruz | Crohn's disease management after intestinal resection: a randomised trial[END_REF].

Computed tomography(CT) enterography and CT-enteroclysis have demonstrated capabilities in the diagnosis of recurrent disease in patients with CD who had undergone ileocolic resection with ileocolic anastomosis [START_REF] Soyer | Suspected anastomotic recurrence of Crohn disease after ileocolic resection: evaluation with CT enteroclysis[END_REF]. However, due to concerns regarding radiation issues, magnetic resonance enterography (MRE) is now commonly used for the follow-up of patients with CD. It has recently been shown that MRE may be a reliable alternative modality to diagnose endoscopic postoperative recurrence after CD-related ileocecal resection [START_REF] Baillet | Faecal calprotectin and magnetic resonance imaging in detecting Crohn's disease endoscopic postoperative recurrence[END_REF][START_REF] Koilakou | Endoscopy and MR enteroclysis: equivalent tools in predicting clinical recurrence in patients with Crohn's disease after ileocolic resection[END_REF].

Moreover, MRE is less invasive than endoscopy. MRE protocol for CD assessment generally consists of T2-and steady-state free precession gradient-echo-weighted MRE sequences, as well as contrast-enhanced (CE) T1-weighted sequences, in both the axial and coronal planes [START_REF] Taylor | The first joint ESGAR/ ESPR consensus statement on the technical performance of cross-sectional small bowel and colonic imaging[END_REF][START_REF] Koplay | Magnetic resonance enterography with oral mannitol solution: diagnostic efficacy and image quality in Crohn disease[END_REF].

Diffusion-weighted imaging (DWI) is based on the movement of water molecules and allows quantifying the random motion of water molecules in tissues. This technique has demonstrated capabilities in the characterization of a variety of pathologic conditions [START_REF] Bereby-Kahane | Prediction of tumor grade and lymphovascular space invasion in endometrial adenocarcinoma with MR imaging-based radiomic analysis[END_REF][START_REF] Teixeira | Intravoxel incoherent motion MRI for the initial characterization of non-fatty non-vascular soft tissue tumors[END_REF].

Similarly, the results of several studies support its role for the detection of CD [START_REF] Dohan | Diffusion-weighted MRI in Crohn's disease: current status and recommendations[END_REF], activity assessment [START_REF] Caruso | Diffusionweighted magnetic resonance for assessing ileal Crohn's disease activity[END_REF][START_REF] Tielbeek | Evaluation of conventional, dynamic contrast-enhanced and diffusion-weighted MRI for quantitative Crohn's disease assessment with histopathology of surgical specimens[END_REF][START_REF] Buisson | Diffusionweighted magnetic resonance imaging is effective to detect ileocolonic ulcerations in Crohn's disease[END_REF], treatment response 17] and also for the evaluation of complications [START_REF] Barat | Preoperative evaluation of small bowel complications in Crohn's disease: comparison of diffusionweighted and contrast-enhanced MR imaging[END_REF][START_REF] Ainouche | Unusual intestinal and extra intestinal findings in Crohn's disease seen on abdominal computed tomography and magnetic resonance enterography[END_REF]. DWI has even been suggested as an alternative to sequences obtained after intravenous administration of gadolinium-based contrast agent (GBCA) for the evaluation of small bowel in patients with CD 20]. Indeed, the current tendency is to try and reduce the use of GBCA, mainly because of medical issues including the occurrence of nephrogenic systemic fibrosis, risks of allergic reactions, and, more recently, because of concerns regarding gadolinium depositions in cerebral neuronal tissues with linear GBCAs [START_REF] Olchowy | The presence of the gadolinium-based contrast agent depositions in the brain and symptoms of gadolinium neurotoxicity: a systematic review[END_REF][START_REF] Savarino | Gadolinium accumulation after contrast-enhanced magnetic resonance imaging: Which implications in patients with Crohn's disease?[END_REF].

The purpose of this study was to compare the diagnostic capabilities of MRE using contrastenhanced (CE) sequences with those of MRE with DW sequences for the diagnosis of endoscopic recurrent CD after ileocolonic resection, and to evaluate the role of additional DWI to a standard MRE including GBCA-enhanced imaging for that purpose.

Materials and methods

1. Patients

In accordance with the French law, this retrospective study on medical records was authorized by the "Commission Nationale Informatique et Libertés" (authorization number MR004: 2206749 v 0), allowing the computerized management of the medical data at Reims University Hospital. The participants were informed of the possibility of using the information concerning them, for biomedical research purposes, and had a right of opposition.

This study consisted of a retrospective review of the MRE of patients from Reims university hospital who had been prospectively enrolled as part of a bicentric study (AOL 2014-02). Some of the patients were included in a previous study [START_REF] Baillet | Faecal calprotectin and magnetic resonance imaging in detecting Crohn's disease endoscopic postoperative recurrence[END_REF].

All patients over 18 years of age who had undergone a CD-related ileocolonic resection from January 2014 to December 2018 were included. Ileocolonic endoscopy was prospectively performed in each of these patients within the first year after surgery, or after restoration of intestinal continuity in patients with temporary stomy. All patients underwent MRE with the addition of DWI within one month from the endoscopy. Patients with poor or non-diagnostic endoscopy, or contra-indications to MRE were excluded. Patients' demographics and clinical data were collected. Crohn disease activity index (CDAI) was used to grade disease activity [START_REF] Best | Development of a Crohn's disease activity index. National cooperative Crohn's disease study[END_REF]. Fecal calprotectin levels were also recorded.

MRE Protocol

All MRE examinations were performed on a 1.5 or a 3 Tesla MR unit (1.5 T Magnetom Avanto ®; 3 T Magnetom Skyra ®; Siemens Healthineers) using phased-array abdominal coils. Details of the parameters are given in Table 1.

All patients were asked to fast for at least 6 hours before the procedure. An isosmotic solution of 1-1.5 L of polyethylene glycol (Colopeg®; Bayer), mixed with water had to be drunk during a 45-minutes period before the examination to achieve adequate distension. The study protocol included axial and coronal half-Fourier acquisition single-shot turbo spin-echo (HASTE) T2-, as well as steady-state free precession (TrueFISP)-weighted MRE sequences.

Three-dimensional (3D) fat-suppressed T1-weighted volumetric interpolated breath-hold examination (VIBE) sequences before and after administration of contrast medium were also acquired in both the coronal and axial planes. Free-breathing DWI was performed in the axial plane using b values of 0, 400 and 800 s/mm 2 . Gadoterate meglumine (Dotarem®; Guerbet)

was intravenously administered at a rate of 2.5 mL/s at a dose of 0.2 mL /kg [START_REF] Soyer | Observational study on the safety profile of gadoterate meglumine in 35,499 patients: the SECURE study[END_REF]. Glucagon (Glucagen ® 1 mg/mL; Novo Nordisk) was intravenously administered at a dose of 0.5 mg to reduce small-bowel peristalsis 1 minute before the acquisition of gradient-echo T1-weighted MRE sequences.

Image analysis

Each examination was retrospectively reviewed independently by one senior abdominal radiologist with 15 years of experience in MRE (C.H., further referred to as reader1 [R1]), and one junior radiologist (V.M., further referred to as reader2 [R2]) with six months of experience in MRE. Images were reviewed on a picture archiving and communication system viewing station (Synapse ® ; Fujifilm Medical System). Reviewers were aware of the patient's history of ileocecal surgery but were blinded to endoscopic findings, clinical and biochemistry data. Image evaluation consisted of three separate reading protocols conducted in three different sessions separated by 1 month. In the first session, the readers first evaluated the HASTE, TrueFISP and the diffusion-weighted MRE images (further referred to as set 1, or DW-MRE). One month after, readers evaluated the HASTE, TrueFISP and the fat-suppressed contrast-enhanced (CE) T1-weighted MRE sequences (further referred to as set 2 or CE-MRE). During the third session, all the sequences were analyzed altogether (set 3). To minimize recall bias, set 1 and set 2 were randomly analyzed during the different sessions.

The image quality was recorded according to a three point scale by reader 1, as follows: 1 = poor/non-diagnostic, cannot be assessed, 2 = moderate luminal distension, artifacted, but assessable in terms of CD, 3 = good luminal distension, with mild or no artifacts.

For each set, the neoterminal ileum and/or anastomosis was analyzed with respect to: (i), mural thickening (scored 1-3, with 1 = no thickening, 0-3 mm; 2 = slight thickening, 3-6 mm; 

4. Standard of reference

The reference standard consisted of endoscopic features, which were classified by using Rutgeerts' endoscopic scores, with endoscopic postoperative recurrence defined as Rutgeerts' index ≥ i2b. After bowel cleansing, endoscopy was performed under anaesthesia using Propofol (Propofol Dakota Pharm®; Sanofi-Aventis). All colonoscopies were performed by experienced endoscopists, blinded from biochemistry and MRE data, using column video colonoscopy (QFC L 140; Olympus). Rutgeerts' endoscopic index was defined as follows: i0 = no lesion; i1 = fewer than 5 aphthous ulcers; i2a = lesions confined to the anastomosis and fewer than 5 isolated aphthous ulcers in the ileum; i2b = more than 5 aphtous ulcers in the ileum with normal mucosa in between, anastomotic lesions; i3 = diffuse aphtous ileitis with diffusely inflamed mucosa; i4 = diffuse inflammation with larger ulcers, nodules and/or narrowing [START_REF] Rutgeerts | Predictability of the postoperative course of Crohn's disease[END_REF].

5. Statistical analysis

All analyses were performed using SAS software version 9.4 (SAS; Cary, NC, USA).

Qualitative variables were expressed as raw numbers, proportions and percentages.

Quantitative variables were expressed as means ± SD, or medians with interquartile ranges and ranges. For each reader, receiver operator characteristic (ROC) curve analyzes were built to assess performances for the diagnosis of endoscopic recurrence for "DW-MRE", "CE-MRI", and for all sequences. Corresponding areas under the ROC curve (AUC), sensitivities, specificities, and accuracies with 95% confidence intervals (CI) were calculated. Comparisons of sensitivity and specificity between "DW-MRE" and "CE-MRI" were performed using McNemar test. The presence of bowel wall thickening, of increased vasa recta and of enlarged mesenteric lymph nodes were compared between patients with or without postoperative recurrence using chi-squared or Fisher exact test. Differences in diagnostic performances between the three reading sessions were analyzed by comparing the ROC curves ,for reader 1 only, according to the method of Delong et al [START_REF] Delong | Comparing the areas under two or more correlated receiver operating characteristic curves: a nonparametric approach[END_REF]. Comparison between the diagnostic fecal calprotectin levels and the different MRE sets with the addition of the calprotectin levels was also performed using a comparison of their ROC curves. Significance was set at p values < 0.05. Inter-reader agreements for each lesion were calculated using the kappa test. Kappa coefficients between 0.00 and 0.20; 0.21 and 0.40; 0.41 and 0.60; 0.61 and 0.80; and 0.81 and 1.00, indicated slight, fair, moderate, substantial, and almost perfect agreement, respectively [START_REF] Benchoufi | Interobserver agreement issues in radiology[END_REF][START_REF] Soyer | Agreement and observer variability[END_REF].

Results

1. Characteristics of the patients

Fifty-two adult patients underwent CD-related ileocolonic resection between June 2014 and December 2018. Four patients were excluded since no endoscopy was performed within one year after their surgery, two because of an incomplete endoscopy and six in whom MRE was not performed within one month of their ileocolonoscopy. Forty patients constituted the final population (Fig 1). They were 21 men and 19 women with a mean age of 38 years ± 12 (SD) (IQR, 30, 44; range: 18-67 years). Patients demographics and characteristics are described in Table 2. Among these 40 patients, 15 (38%) had recurrence from CD at the anastomotic site according to the reference standard. Fecal calprotectin levels were missing in 6/40 patients (15%), the mean level was 243 µg/g ± 442 (SD) (IQR, 37, 224; range: 16-2150 µg/g] and 23/34 (68%) patients had a fecal calprotectin level above the upper normal level (i.e. 50 µg/g).

The distribution of the endoscopic findings according to the Rutgeerts' index within the first year of surgery was as follows: i4 (n = 4), i3 (n = 6), i2b (n = 5), i2a (n = 7), i1 (n = 7) and i0

(n = 11) Rutgeerts' score.

2. MRE Imaging criteria for the diagnosis of postoperative recurrence

The overall image quality was rated «3» for 29/40 patients (73%) and 32/40 patients (80%) by R1 and R2, respectively; «2» for 11/40 patients (27.5%) and 8/40 patients (20%) by R1 and R2, respectively. None of the MRE was considered as poor or non-diagnostic.

Median interval between surgery and endoscopy was 6.6 months (IQR, 5, 9. 

MRE performances for the diagnosis of CD recurrence

Results of MRE for the diagnosis of recurrence are reported in Table 3. Reader one ROC curves for the three different sets are displayed in Figure 2.

3.1 READING "SET 1"

R1 correctly classified 35/40 (87%) patients with an AUC of 0.88 (95% CI: 0.75-1), sensitivity of 73% (95% CI: 51-96%) and specificity of 96% (95% CI: 88-100%).

R2 correctly classified 34/40 (85%) patients with a sensitivity of 67% (95% CI: 43-91%), and specificity of 96% (95% CI: 88-100%). An example of recurrence is illustrated in Figure 3.

Two of the four negative results of the senior radiologist corresponded to patients with Rutgeerts i2b lesions (sparse ulcerations with skip intervals of normal mucosa at endoscopy).

The false positive result was related to the high signal of a fistula which was misinterpreted as pertaining to the adjacent bowel wall (Figure 4). The junior radiologist had the same results as the senior except for one additional false negative result, for which he misinterpreted the high signal present on DWI as being related to a fistula. Accuracies were 88% (95% CI: 74-95%) for R1 and 85% (95% CI: 71-93%) for R2.

3.2 READING "SET 2"

R1 correctly classified 36/40 (90%) patients and had an AUC of 0.89 (95% CI: 0.78-1), sensitivity of 80% (95% CI: 60-100%) and specificity of 96% (95% CI: 88-100%).

Sensitivity and specificity were the same for reader 1 and 2. R1 found three false negative results, two of which corresponded to the same patients with Rutgeerts' index i2b missed with "set 1". The enhancement of the fistula adjacent to the neo terminal ileum also resulted in a false positive finding, as with "set 1. Accuracies were 90% (95% CI: 77-96%) for both readers.

3.3 READING ALL SEQUENCES

R1 correctly classified 37/40 patients (92%) yielding AUC of 0.93 (95% CI: 0.84-1), sensitivity of 87% (95% CI: 69-100%) and specificity of 96% (95% CI: 88-100%). R2 correctly classified 35/40 (87%) patients yielding a sensitivity of 80% (95% CI: 60-100%) and specificity of 92% (95% CI: 81-100%).

R1 found the same two false negative results as with DW-MRE in the patients that had only small ulcerations interspersed in an otherwise normal mucosa. The false positive result was related to the presence of and adjacent fistula. R2 found three false negative results and two false positive results. Accuracies were 93% (95% CI: 80-97%) for R1 and 88% (95% CI: 74-95%) for R2.

3.4. COMPARISON BETWEEN "SET 1" AND "SET2"

For R1, the difference between the AUC with CE-MRE (0.89; 95% CI: 0.78-1) and the AUC with DW-MRE (0.88; 95% CI: 0.75--1) was not significant (P = 0.76). Sensitivity was 73% (95% CI: 51-96%) reading "DW-MRE" and 80% (95% CI: 60-100%) with "CE-MRE", with no significant difference (P > 0.999).

For R2, sensitivity was 67% (95% CI: 0.43-0.91) reading "DW-MRE" and 80% (95% CI: 0.6-1) reading "CE-MRE", with no significant difference (P = 0.48). Specificity did not change and was 96% (95% CI: 88-100%) for either reader.

3.5. COMPARISON BETWEEN "SET 3" AND "SET 1" AND "SET 2"

Reading all sequences yielded an AUC of 0.93 vs. 0.88 and 0.89 for R1 with set 1 and set 2, respectively, with no significant differences (P = 0.18). For R1, sensitivity was 87% (95% CI: 69-100%) versus 73% (95% CI: 51-96%) with reading set 1 (P = 0.48) and 80% (95% CI: 60-100%) with reading set 2 (P > 0.999).

For R2, sensitivity was 80% (95% CI: 60-100%) vs. 67% (95% CI: 43-91%) with set 1 (P = 0.48) and 80% (95% CI: 60-100%) with set 2 (P > 0.999).

No significant change in specificity was obtained when using all sequences vs. reading "DW-MRE" or "CE-MRE" for R1 (96%; 95% CI: 88-100%). For R1, specificity was 92% (95% CI: 81-100%) with set 3 vs. 96% (95% CI: 88-100%) with set 1 (P > 0.999) and 96% (95% CI: 88-100%) with set 2 (P > 0.999).

COMPARISON BETWEEN THE FECAL CALPROTECTIN LEVELS AND THE DIFFERENT SETS WITH THE ADDITION OF FECAL CALPROTECTIN LEVEL FOR READER 1.

The AUC for calprotectin levels alone was 0.72 (95% CI: 0.53-91). AUC of the ROC curves of "set 1" with the addition of calprotectin level was 0.86 (95% CI: 0.71-1). For "set 2" and "set 3", they were 0.88 (95% CI: 0.74-1) and 0.92 (95% CI: 0.81-1), respectively. Reading sets 2 and 3 with the addition of fecal calprotectin yielded better performances than using calprotectin levels alone (P = 0.03 and 0.02, respectively) (Figure 5).

3.7 INTEROBSERVER AGREEMENT

Interobserver agreement for the diagnosis of local recurrence of CD was almost perfect for "set 1" (kappa = 0.95; 95% CI: 0.82-1), substantial for "set 2" (kappa = 0.77; 95% CI: 0.56-0.98) and almost perfect for "set 3" (kappa = 0.89; 95% CI: 0.74-1).

3.8 COMPARISON BETWEEN ENDOSCOPIC AND MRE FINDINGS

Details of the correlation between endoscopic and radiological findings in all 40 patients are given in Table 4. The correlation was performed using MRE findings from Reader 2 and set 3. All patients without any endoscopic lesions (i0) had normal MRE (MR0). All patients with moderate to severe endoscopic lesions (i3-i4) had MR2 or MR3 findings.

The proportion of patients with endoscopic postoperative recurrence among the patients with MR0, MR1, MR2, MR3 findings was 6%, 11%, 86% and 100%, respectively (P < 0.001). In patients with endoscopic postoperative recurrence, the proportion of patients with MR2 and MR3 findings was greater than the proportion of patients with MR0 and MR1 findings (87% vs. 7%) (P < 0.001).

Only one of the seven (40%) patients belonging to the minimal lesion category i1 was misclassified as MR2, whereas the others were classified as MR0 or MR1. Two patients out of five (40%) patients belonging to the category i2b were misclassified as MR0 or MR1, whereas the other three were scored MR2.

Discussion

Our study suggests that MRE using DW sequences may be an alternative to the classical protocol including contrast-enhanced T1-weighted MRE sequences for the diagnosis of endoscopic postoperative recurrence after surgery for CD, even for a junior radiologist. Our study also indicates that adding DWI to standard CE MRE does not significantly increase performances for the detection of CD-related endoscopic recurrence after surgery.

There is currently increasing evidence to suggest that DWI is accurate in patients with CD for the detection of abnormalities, evaluation of disease activity of the and for assessment of complications [START_REF] Dohan | Diffusion-weighted MRI in Crohn's disease: current status and recommendations[END_REF][START_REF] Caruso | Diffusionweighted magnetic resonance for assessing ileal Crohn's disease activity[END_REF][START_REF] Tielbeek | Evaluation of conventional, dynamic contrast-enhanced and diffusion-weighted MRI for quantitative Crohn's disease assessment with histopathology of surgical specimens[END_REF][START_REF] Buisson | Diffusionweighted magnetic resonance imaging is effective to detect ileocolonic ulcerations in Crohn's disease[END_REF]. However, to date, no study, to our knowledge, has specifically investigated the value of DW MRE in the detection of CD-related recurrence after surgery. Baillet et al., who investigated the value of MRE in the detection or post-operative recurrence of CD, used a MRE protocol that included DW MRE sequences and reported that, along with relative contrast enhancement, the ADC was the most sensitive feature to detect postoperative recurrence in their patients [START_REF] Baillet | Faecal calprotectin and magnetic resonance imaging in detecting Crohn's disease endoscopic postoperative recurrence[END_REF]. We chose, however, not to evaluate DWI sequences quantitatively because ADC is an equipment-dependent variable and our study was performed on two different MR units at 1.5-or 3 T. Moreover, we believe that the small median thickness of the bowel wall in this context limits robust and reproducible placement of regions of interest and may generate additional variability.

The performances of DW MRE may seem rather disappointing in our study, with a sensitivity of only 67% for the junior reader and 73% for the senior reader. Yet, specificities were 96% for both readers. Although it may be difficult to directly compare performances throughout the literature, as the endoscopic definition of recurrence is still a matter of debate, our results compare favorably to those of the literature. Indeed, Baillet et al. reported sensitivities of 54% for MRE to detect endoscopic postoperative recurrence, using Rutgeerts' index ≥ i2b as a threshold [START_REF] Baillet | Faecal calprotectin and magnetic resonance imaging in detecting Crohn's disease endoscopic postoperative recurrence[END_REF]. Conversely, Koilakou et al. reported sensitivities and specificities of 100% and 89%, respectively [START_REF] Koilakou | Endoscopy and MR enteroclysis: equivalent tools in predicting clinical recurrence in patients with Crohn's disease after ileocolic resection[END_REF]. However, it is of note that they used MR enteroclysis. In our study, patients with an obvious recurrence, categorized Rutgeerts i3 or i4, were all correctly diagnosed using "DW-MRE" by the senior and were correctly diagnosed in all cases but one by the junior reader. Likewise, all patients with no endoscopic lesions (i0) also had normal imaging findings (MR0). We thus believe that in these subgroups of patients, administration of a GBCA could be waived. This finding may be of interest in patients for whom administration of GBCA is contra-indicated.

In this study, we chose not to use any scoring method. Indeed, we do not use any score in our daily practice, as it may be somewhat cumbersome. Our diagnosis was nonetheless based on the same criteria as those included in the different scores such as, mainly, presence of ulcerations, comb sign, enlarged mesenteric lymph nodes, bowel thickening, degree of contrast enhancement, and complications [START_REF] Rimola | Magnetic resonance for assessment of disease activity and severity in ileocolonic Crohn's disease[END_REF][START_REF] Rimola | Magnetic resonance imaging for evaluation of Crohn's disease: validation of parameters of severity and quantitative index of activity[END_REF].

The current challenge for MRE in patients with CD with prior surgery is to be able to discriminate between patients with Rutgeerts' index i2a and i2b, as gastroenterologists have some difficulties in classifying the Rutgeerts' index i2 patients. Hence, correct classification of the patient is important as it may further impact management. All the patients with Rutgeerts' index i2a were correctly classified with MRE. As for patients with Rutgeerts' index i2b, CE MRE performed slightly better in terms of sensitivity, as, out of five patients belonging to the i2b endoscopic category, three patients were misclassified as MR0 or MR1 with either "set 1" and "set 2", whereas, using "set 3", only two patients were misclassified.

In their series, Baillet et al. did not try to differentiate between the i2a and i2b categories [START_REF] Baillet | Faecal calprotectin and magnetic resonance imaging in detecting Crohn's disease endoscopic postoperative recurrence[END_REF].

Further studies with more patients are thus needed to investigate if MRE may help in distinguishing patients in the i2 Rutgeerts' score category. Misinterpretations using "set 1" might have been overcome by the additional use of DW coronal images. However, performing these additional sequences increases acquisition time of the MRE examination and they may be prone to motion artifacts [START_REF] Taylor | The first joint ESGAR/ ESPR consensus statement on the technical performance of cross-sectional small bowel and colonic imaging[END_REF][START_REF] Dohan | Diffusion-weighted MRI in Crohn's disease: current status and recommendations[END_REF].

When adding the fecal calprotectin levels, which reflects routine clinical practice, performances of "sets 2" and "3" were significantly better than those of fecal calprotectin levels alone, thus emphasizing the need to perform MRE in the follow-up of these patients, particularly in problematic situations. However, MRE using "set 1" with the addition of calprotectin was not significantly superior to fecal calprotectine levels alone, probably because of 15% of missing data with regards to the calprotectin levels and because of the rather small size sample of our population. The use of DWI, although supported by increasing data for detection of CD, is still considered as optional. Our study suggests that there may not be any need for a complete set of sequences in patients with suspicion of CD-related postoperative recurrence, as, in our series, adding DWI to standard and CE MRE did not significantly increase MRE performance. Nonetheless, we expect that DW MRE may reinforce the level of confidence of a junior radiologist in the diagnostic of recurrence of CD. The combination of CE MRE and DW MRE images may also be a way to improve DWI analysis, routinely.

Our study has several limitations including a single-center recruitment, a retrospective nature and the relatively small number of patients, thus potentially inducing a recruitment bias and limiting the power of our study. However, our promising results constitute a first step to further prospective multi-centric and controlled studies. 
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 3 obvious thickening, > 6 mm); (ii), mural enhancement (scored 1-3, with 1 = absence of contrast enhancement, 2 = slight contrast enhancement, 3 = obvious contrast enhancement, CE-MR enterography only); (iii) presence of ulcers; (iv) increased mural or perimural signal intensity on T2-weighted images, representing enteric or perienteric edema; (v) increased vasa recta (not included in the severity scoring, CE-MR enterography only); (vi) restricted mural diffusion defined as hyperintensity on DWI images in comparison to the unaffected smallbowel wall (b = 800 s/mm 2 ) (scored 1-3, 1= absence of high signal intensity, 2= discretely increased signal intensity, 3= obvious high signal intensity, DWI-MR enterography only); and (vii) penetrating complications and their specific nature. Attenuation diffusion coefficient (ADC) values were not measured, since ADC measurement in the bowel is presumably seldom used in clinical practice. The presence of adjacent enlarged lymph nodes (> 8 mm in shortest diameter) were also analyzed. The whole set of MRE sequences was assigned a score according to a four point scale, as follows: MR0 = no abnormal features; MR1 = minimal mucosal changes (slight wall thickening, discretely increased mural or perimural signal intensity on T2-weighted images and slight mural contrast enhancement or discretely increased signal intensity on DWI), MR2 = moderate recurrence (obvious wall thickening, obvious increased mural or perimural signal intensity on T2-weighted sequences and obvious mural contrast enhancement or obvious high signal intensity on DWI sequence); and MR3 = severe recurrence with trans-and/or extramural changes (high-grade stenosis with prestenotic dilatation, fistula, abscess, conglomeration of bowel loops). Both MR2 and MR3 scores were considered as recurrence.

  2; range: 2-12 months). Median interval between MRE and endoscopy was 11.5 days (IQR, 7, 17.3; range: 1-43 days). No ulcerations were seen on MRE by either reader. Bowel wall was not thickened in 23/40 patients (57.5%), slightly thickened in 10/40 patients (25%) and obviously thickened in 7/40 patients (17.5%). Median wall thickness among the recurrences was 6 mm (IQR, 4.3, 8; range: 3-9 mm). Bowel wall thickening, either mild or obvious, was more often present in patients with postoperative recurrence (12/15, 80%) than in patients without recurrence (5/25, 20 %) (P = 0.002). Adjacent enlarged lymph nodes were more often observed in patients with postoperative recurrence (11/15, 73%) than in patients (4/25, 16%) without postoperative recurrence (P = 0.003). Increased vasa recta were not present in any of the 25 patients without postoperative recurrence but were present in 5/15 (33%) patients with postoperative recurrence (P = 0.005).
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 1 Figure 1: Flow chart of the study. CD: Crohn disease; MRE = MR-enterography.

Figure 2 .

 2 Figure 2. Receiver operator curves and areas under the ROC curve for reader 1 for the diagnosis of postoperative recurrence of Crohn disease with MR-enterography. CE: contrast-enhanced; DW: diffusion-weighted; MRE: MR-enterography.

Figure 3 .

 3 Figure 3. 42-year-old man with Crohn's disease who underwent ileocolonic resection four years ago. Endoscopy diagnosed postoperative recurrence scored Rutgeerts' i4. A, T2-weighted HASTE MRE image in the coronal plane shows obvious thickening (arrow) of the neo terminal ileum. B, C, Contrast-enhanced fat-suppressed T1-weighted MRE images in the coronal (B) and axial (C) planes show obvious inflammatory enhancement of the thickened bowel wall (arrow). D, Diffusion-weighted MRE image in the axial plane (b = 800 s/mm 2 ) shows obvious high signal intensity within the bowel wall (arrow).

Figure 4 .

 4 Figure 4. 36-year-old woman with Crohn's disease treated by Humira and ileocolonic resection three years ago. Endoscopy showed a post-operative fistula with no recurrence within the adjacent bowel wall (Rutgeerts' score of i1). A, TrueFISP MRE image in the axial plane shows slight bowel wall thickening with both high signal of the fistula (arrow) and of the adjacent terminal ileum (arrowhead). B, T2-weighted HASTE MRE images in the axial plane shows consistent findings, with slight bowel wall thickening with both high signal of the fistula (arrow) and of the adjacent terminal ileum (arrowhead). C, Diffusion-weighted MRE image in the axial plane (b = 800 s/mm 2 ) shows obvious high signal related to the fistula (arrow). The adjacent bowel wall does not show any high signal intensity (arrowhead). D, Contrast-enhanced fat-suppressed T1-weighted MRE image in the axial plane shows obvious enhancement of the fistula (arrow) and of the bowel wall (arrowhead), which led to a wrong diagnosis or postoperative diagnosis or recurrence.

Figure 5 .

 5 Figure5. Graph shows receiver operator curves and areas under the ROC-curve for reader 1 for the diagnosis of recurrence with calprotectin levels alone, "set 1" (DW-MRE) and calprotectin levels, "set 2" (CE-MRE) and calprotectin levels, and all sequences associated with calprotectin levels.

  

  

Table 1 .

 1 MR imaging parameters for MR-enterography.

Table 2 .

 2 Demographic, clinical and biological characteristics of 40 patients with Crohn disease.

Table 3 .

 3 Performances of MR-enterography for the diagnosis of Crohn disease recurrence by two independent readers.

Table 4 .

 4 Concordance between endoscopic and MR-enterography findings in 40 patients with Crohn disease. Fourier acquisition single-shot turbospin-echo; TrueFISP, fast imaging with steady-state free precession; VIBE, volumetric interpolated breathhold examination; TR, repetition time; TE, echo Time; FOV, field of view; EPI, echo planar imaging; N.A., not applicable For each technical parameter, ranges are reported according to the different MR units.

			Coronal T2-		Coronal T2-		
		Axial T2-weighted	weighted	Axial T2-weighted	weighted	3D VIBE T1-weighted Diffusion-weighted
	Sequence name	HASTE	HASTE	TrueFISP	TrueFISP	VIBE	EPI
	TR/TE (ms/ms)	1200-1300/84-91	1100-1300/91-107 4.3-487/1.87-2.15 4.1-540/1.68-2.05	4.1-6.66/2.56-4.77	3000-8200/51-64
	FOV (mm)	380-400	400	380	380-400	380-400	380
	Echo train length	320-234	320-256	1-1	1-1	1-1	N.A.
	Slice thickness	5	5-4	5	4-5	1.5-1.6	5
	Matrix size	202-200 × 320	216-256 × 320	307-192 × 320-384 230-307 × 256-320 174-240× 256-320	118 × 157-158
	Number of slices	30	27-30	48-30	30-35	104-120	44-48
	Intersection gap	0-1	0-1	0-1	0-1	0-0.2	0.15-5
	b values (s/mm²)	N.A.	N.A.	N.A.	N.A.	N.A.	0/400/800
		1.3 × 1.3 × 5-1.2 ×	1.3 × 1.3 × 5-1.3 ×	1.2 × 1.2 × 5-1 × 1	0.7 × 0.7 × 5-1.3 ×	1.2 × 1.2 × 1.5-1.6 ×	1.4 × 1.4 × 5-1.2 ×
	Voxel size (mm 3 )	1.2 × 5	1.3 × 4	× 5	1.3 × 4	1.6 × 1.6	1.2 × 5
	HASTE, half-						
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In conclusion, DWI may replace CE-T1-weighted MRE for the postoperative evaluation of ileocolonic resection, when intravenous administration of GBCA is contra-indicated. These results need to be confirmed with large and prospective studies and could lead to a restricted use of GBCA administration in patients with CD.
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