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Abstract

Background and Aims: A simplified magnetic resonance index of activity (MaRIAs) was proposed recently.

Our aim was to verify whether the MaRIAs can accurately assess the activity degree of CD.

Methods: We retrospectively analyzed the data of MRI, ileal colonoscopy, fecal calprotectin (FC),

erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) of 93 CD patients. With the SES-CD as

the gold standard, MaRIAs’ accuracy, the correlation of MaRIAs and SES-CD, FC, ESR, CRP, and

interevaluator reliability were assessed.

Results: MaRIAs≥1 detected segments with active CD with 90.80% specificity and 81.37% sensitivity (area

under the curve was 0.91, 95% confidence interval 0.87-0.94). MaRIAs score of 2 or more detected severe

lesions with 88.89% specificity and 95.12% sensitivity (AUC was 0.96, 95% confidence interval was

0.94-0.98). The MaRIAs score showed a high correlation with the SES-CD in the terminal ileum, transverse

colon, right colon, left colon (r=0.85, 0.91, 0.88, 0.86,P < 0.001) and a moderate correlation with the

SES-CD in the rectum (r=0.74, P < 0.001). The global MaRIAs score was highly correlated with the global

SES-CD (r=0.90, P < 0.001). The global MaRIAs score was positively correlated with the fecal calprotectin

(FC) level, erythrocyte sedimentation rate (ESR), and C-reactive protein (CRP) level (r=0.77, r=0.64, and

r=0.68). The intra-group correlation coefficient (ICC) of the two physicians in the terminal ileum, right colon,

transverse colon,and left colon was 0.91, ICC in the rectum was 0.78, and ICC in the total bowel was 0.95

(95% confidence interval was 0.95-0.98).

Conclusion: The MaRIAs can accurately evaluate the disease activity level of CD, high correlated with the

SES-CD and biomarker. The interrater reliability of the two physicians was excellent.
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1. Introduction

Crohn's disease (CD) is a chronic transmural inflammatory bowel disease of unknown origin that can

involve any part of the digestive tract, especially the terminal ileum and right colon, with symptoms such as

abdominal pain, diarrhea, abdominal mass, and perianal fistula. In recent years, with the increasing

incidence of and complications associated with CD, it has become an increasingly complex digestive tract

disease to diagnose and treat.

Endoscopy is currently considered the gold standard for the diagnosis of CD. The simple endoscopic

score for Crohn's disease (SES-CD), including ulcer size, ulcer area, lesion area and intestinal stenosis, can

accurately evaluate the disease and is simple to calculate, so it is the most widely used endoscopic scoring

system[1, 2]. However, extraintestinal conditions cannot be assessed with endoscopy; this procedure is

invasive and not suitable for patients with intestinal stenosis and other limitations have been described in a

number of studies[3-5].



Magnetic resonance imaging (MRI) has good soft tissue resolution and is nonradioactive and

noninvasive. It can be used to observe the whole abdomen pelvic cavity and to evaluate disease activity,

mesenteric blood vessels and lymph nodes, and disease-related complications in patients with CD and is

particularly attractive because healing of the mucosa and deeper layers of the bowel wall can be

assessed[6]. Therefore, it is widely used in the diagnosis and long-term follow-up of CD. The magnetic

resonance index of activity (MaRIA)[7] is currently the most widely used and studied MRI scoring system for

CD[8-10].

However, there are some limitations, such as its complicated calculation and the large selection error of

the region of interest (ROI), for patients with thin intestinal walls. In March 2019, the Rimola[11] team

proposed a simplified magnetic resonance index of activity (MaRIAs) for CD.

To better assist clinical work and promote the application of MR in CD, this study took the SES-CD as the

gold standard and retrospectively analyzed the ability of the MaRIAs to detect the activity degree of CD

patients and the correlation between the MaRIAs score and clinical inflammatory indicators to explore the

effectiveness of the MaRIAs score in evaluating the degree of CD activity.

2. Methods

2.1 Patients:

This was a retrospective study of 107 patients with CD who were treated at the Department of

Gastroenterology of the Second Affiliated Hospital of Soochow University between March 2017 and

September 2019. Within one week, an MR examination and ileocolonoscopy were performed and the fecal

calprotectin (FC) level, erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) level were

determined.

The exclusion criteria were as follows: 1) poor quality of endoscopic or magnetic resonance images; 2)

incomplete clinical data; 3) history of taking nonsteroidal anti-inflammatory drugs (NSAIDs) within one

week before the FC test; and 4) other intestinal lesions. Of a total of 107 CD patients, 14 were excluded: 3

for failed ileocolonoscopy because of severe strictures, 2 for poor-quality MR images, 6 for incomplete

clinical data, and 3 for NSAID use. In all, 93 patients were included. The project was approved by the ethics

committee of the Second Affiliated Hospital of Soochow University. Because of the retrospective nature of

the study, the need for individual consent was waived.

Table 1 Clinical features of all the patients.

Variable

Male, n (%) 63 (68)

Age, years; median (IQR) 29 (25-37)

Disease duration, years; median (IQR) 3 (1-6)



Montreal classification

Age at diagnosis (years), n (%)

A1 (under 16) 2 (2.15)

A2 (17-40) 74 (79.57)

A3 (over 40) 17 (18.28)

Disease location, n (%)

L1 (terminal ileum) 15 (16.13)

L2 (colon) 12 (12.90)

L3 (ileum plus colon) 66 (70.97)

Disease behavior, n (%)

B1 (nonstricturing, nonpenetrating) 49 (52.69)

B2 (stricturing) 12 (12.90)

B3 (penetrating) 32 (34.41)

Perianal involvement, n (%) 37 (39.78)

Surgical history, n (%)

History of perianal surgery 28 (30.11)

History of partial bowel resection 3 (3.23)

Treatment, n (%)

No treatment 15 (16.13)

Steroids 10 (10.75)

Immunomodulator 31 (33.33)

Anti-TNF inhibitor 37 (39.78)

Abdominal abscess, n (%) 3 (3.23)

Intestinal fistula, n (%) 5 (5.38)

Colovesical fistula, n (%) 1 (1.08)

Ileal bladder fistula, n (%) 1 (1.08)

IQR: interquartile range

2.2 MR examination



The patient fasted for 8 hours before the MR examination and took an oral 2000 ml of 4% mannitol

aqueous solution to fill the intestine (500 ml every 15 minutes) 1 hour before the examination. To inhibit

bowel peristalsis, intramuscular injection of 10 mg of choline was given 10 minutes prior to examination.

A Philips Ingenia 3.0T magnetic resonance scanner and abdominal phased array coil were used for

examination. The patient was placed in the supine position, and the scanning sequence was moved from

the head side to the foot side. The conventional MRE scanning sequence and parameters were as follows:

(1) BFFE-BH-COR: TR: 3.0 ms, TE: 1.52 ms, layer thickness: 5 mm, layer spacing: 0 mm, flip angle: 40°, and

matrix: 268×206; (2) T2WI-TSE-COR: TR: 1100 ms, TE: 80 ms, layer thickness: 5 mm, layer spacing: 0 mm,

flip angle: 90°, and matrix: 376×290; (3) T2WI-SPAIR-COR: TR: 869 ms, TE: 80 ms, layer thickness: 5 mm,

layer spacing: 0 mm, flip angle: 90°, and matrix: 280×251; (4) T2WI-SPAIR-TRA: TR: 869 ms, TE: 80 ms, layer

thickness: 5 mm, layer spacing: 0 mm, flip angle: 90°, and matrix: 232×262; (5) mDIXON-W-BH: TR: 3.8 ms,

TE1: 1.32 ms, TE2: 2.4 ms, layer thickness: 5 mm, layer spacing: 0 mm, flip angle: 10°, and matrix: 252×151; (6)

transverse diffusion weight imaging (DWI): b values of 0, 300, 600, and 1000 s/mm2, TR: 860 ms, TE: 64 ms,

layer thickness: 5 mm, layer spacing: 0.5 mm, flip angle: 90°, and matrix: 132×135; and (7) after the IV

administration of 0.2 ml/kg of gadolinium chelate(omniscan, 0.5 mmol/ml) at an injection rate of 2-3 ml/s,

dynamic images including precontrast, arterial, portal venous and equilibrium phase images were acquired

in the coronal plane: TR: 1.32 ms, TE: 3.7 ms, layer thickness: 5 mm, layer spacing: -2 mm, flip angle: 10°,

and matrix: 268×235.

2.3 Endoscopy and laboratory testing

Each patient consumed liquid food the day before colonoscopy and fasted for 8 hours before the

examination. Three bags of compound polyethylene glycol electrolyte were dissolved in 3000 ml of warm

water and orally administered 4 hours before the test until the feces were clear. A gastroenterologist with

more than 5 years of endoscopy experience performed endoscopic examination of CD patients and

reported CD lesions according to the SES-CD. The ileocolon was divided into 5 segments: 1) the terminal

ileum (the ileum that can be reached by endoscopy); 2) the right colon (ileocecal, cecum, and ascending

colon); 3) the transverse colon; 4) the left colon (descending colon and sigmoid colon); and 5) the rectum.

For each intestinal segment, an SES-CD between 0 and 2 is considered as indicated remission, 3-6 as mild

disease, and ≥7 as moderate to severe disease[2, 12]. In addition, a classification of severity on a segment

basis was performed by considering the presence of severe lesions (ulcers with a diameter >5 mm)[13]. The

global SES-CD is the sum of the SES-CDs of each intestinal segment: 0-3 indicated remission, 4-10 mild

disease, 11-19 moderate disease and ≥20 severe disease. Therefore, in this study, patients were considered

to have active disease if the global SES-CD was ≥4 and severe disease if the global SES-CD was ≥20[14].

Table 2 Statistical results of the activity degree of each intestinal segment

Intestinal segment remission active disease severe disease

Terminal ileum 26 (28%) 67(72%) 13 (14%)

Right colon 66 (71%) 27 (29%) 8 (9%)



Transverse colon 64 (69%) 29 (31%) 7 (8%)

Descending colon

and sigmoid colon

56 (60%) 37 (40%) 12 (13%)

Rectum 49 (53%) 44 (47%) 6 (6%)

Total 261 (56%) 204 (44%) 46 (10%)

The laboratory indexes included the FC level, ESR and CRP level. The FC level was measured by

quantitative enzyme-linked immunosorbent assay (ELISA). The FC level was determined one day before

colonoscopy. The ESR and CRP level were determined according to standard laboratory procedures. The

normal range of CRP was 0-5 mg/L, and the normal range of the ESR was 0-20 mm/h.

Table 3 Laboratory examination results

Biomarker remission (0-3) mild to moderate active (4-19) severe active (≥20) P value

FC (µg/g) 118 (42-275.25) 589 (267-1369) 1800 (1791.75-1800) <0.001

CRP (mg/g) 5.6 (5.15-5.6) 6.5 (5.6-24) 87.65 (54-94.75) <0.001

ESR (mm/h) 4 (2-8) 19 (7-46) 66.5 (53.25-88.5) <0.001

2.4 MR image analysis

The MR segmentation method is the same as the endoscopic segmentation method.The MaRIAs score in

each segment was calculated by the following formula: =thickening (>3 mm)×1+edema×1+fat stranding

×1+ulcers×2 (Figure 1). Two radiologists with more than 5 years of experience in MR abdominal readings

scored the MR images separately under the premise that the results of the colonoscopy and laboratory

examination were unknown. For the four variables, when the evaluation results of the two experts were

inconsistent, the final answer was determined after discussion. The scores of each intestinal segment were

determined separately. MaRIAs score ≥1 indicated intestinal segment activity, and MaRIAs score ≥2

indicated severe activity. The global MaRIAs score is the sum of the MaRIAs scores of each intestinal

segment.

Table 4 MR score results of the intestinal segments with different activity levels

Variable remission active disease severe disease P value

Thickening 50 (19%) 156 (76%) 46 (100%) <0.001

Edema 40 (15%) 171 (84%) 46(100%) <0.001

Fat stranding 1 (0.4%) 44 (22%) 27 (59%) <0.001

Ulcers 1 (0.4%) 56 (27%) 38 (83%) <0.001



Figure 1. Representative examples of magnetic resonance (MR) lesions:

(A) Wall thickness >3 mm: coronal T2-weighted images with fat saturation of the descending colon (a) and terminal ileum (b);

coronal T2-weighted images of the descending colon (c) and terminal ileum (d) (arrow in image).

(B) Mural edema (high signal intensity on T2 sequences with fat saturation compared with normal appearing loops): coronal

T2-weighted images with fat saturation (a) and without (b) of the terminal ileum from the same patient show high signal

intensity. Coronal (c) and axial (d) T2-weighted images with fat saturation of the descending colon from the same patient

(arrow in image).

(C) Fat stranding (loss of the normal sharp interface between the intestinal wall and mesentery, with edema/fluid in the

perienteric fat): coronal T2-weighted images with fat saturation of the descending colon (a), sigmoid colon (b) and

ascending colon (c) (arrow in image).



(D) Mucosal ulceration: coronal T2-weighted images with fat saturation of the ascending colon (a, c) and descending colon (b)

(arrow in image).

2.5 Statistical analysis

SPSS 25.0 statistical software was used for data analysis. The intraclass correlation coefficient was used to

evaluate the consistency between two physicians. The measurement data were normalized by the

Shapiro-Wilk method; the mean ± standard deviation is reported for normally distributed data, and the

median (interquartile range) is reported for data that did not satisfy a normal distribution. The

Kruskal-Wallis test was used to compare the variables among the three groups, and the Bonferroni

method was used for correction. A p value of < 0.05 was considered statistically significant. Receiver

operating characteristic curves (ROC) were drawn to evaluate the effectiveness of the MaRIAs for assessing

CD activity. Correlations between the MaRIAs score and the SES-CD, FC, CRP, and ESR were measured by

Spearman correlation tests.

Results

3.1 Endoscopic evaluation results

A total of 93 patients with 465 intestinal segments were included in this study, including 93 segments of

the terminal ileum and 372 segments of the colorectum. Their basic information is shown in Table 1. Three

patients had a history of intestinal resection (two partial small bowel resections and one ileocecal

resection), which did not affect observation or analysis. SES-CD of the intestinal segments indicated that

261 (56%) segments were associated with remission, 158 (34%) with mild to moderate disease, and 46 (10%)

with severe disease; ulcers were found in 46 of the segments (Table 2). The global SES-CD was 14 (15%) for

those patients in remission, 61 (66%) for those with mild to moderate disease and 18 (19%) for those with

severe disease.

3.2 Laboratory evaluation results

The results of the laboratory examination are shown in Table 3. With an increase in CD activity, each

index increased to different degrees, and the difference was statistically significant.

3.3 MR imaging evaluation results

3.31 Scoring results for the MaRIAs

The MR scores of different activity levels of the intestinal segments are shown in Table 4, and the specific

evaluation results are shown in Table 4. Ulcer and fat stranding appeared only one case in the remission

group, the incidence of ulcer and fat stranding in the severe active group was significantly increased, and

the difference between the three groups was statistically significant. The median global MaRIAs scores for

those patients in remission or for those with mild to moderate or severe disease were 0, 3 (1-5) and 11

(8.25-12.75), respectively. The higher the degree of activity was, the higher the MaRIAs score. The

difference was statistically significant (P < 0.001).



3.32 The efficacy of the MaRIAs in assessing the activity of patients with CD

MaRIAs≥1 detected segments associated with active CD with 90.8% specificity and 81.37% sensitivity

(area under the curve (AUC) was 0.91, 95% confidence interval was 0.87-0.94). MaRIAs score of 2 or more

detected severe lesions with 88.89% specificity and 95.12% sensitivity (AUC value was 0.96, 95% confidence

interval was 0.94-0.98) (Figure 2). The diagnostic accuracy of the MaRIAs based on separate subanalyses

for each intestinal segment is presented in Tables 5 and 6.

Table 5 Diagnostic accuracy of MaRIAs ≥ 1 for the identification of active disease on endoscopy per

intestinal segment.

Intestinal segment AUC Sensitivity (%) Specificity (%) P Value

terminal ileum 0.97 95.52 92.31 <0.001

right colon 0.87 77.78 90.91 <0.001

transverse colon 0.93 89.66 92.19 <0.001

descending colon and sigmoid colon 0.92 86.49 82.14 <0.001

rectum 0.79 86.36 53.06 <0.001

total 0.91 81.37 90.8 <0.001

Table 6 Diagnostic accuracy of MaRIAs ≥ 2 for the identification of severe disease on endoscopy per

intestinal segment.

Intestinal segment AUC Sensitivity (%) Specificity (%) P Value

terminal ileum 0.96 100 78.41 <0.001

right colon 0.98 100 89.41 <0.001

transverse colon 0.97 100 74.7 <0.001

descending colon and sigmoid colon 0.97 73.54 87.65 <0.001

rectum 0.98 100 86.21 <0.001

total 0.96 95.12 88.89 <0.001



Figure 2. The ROC curve prediction of disease activity (A) and severe activity (B) associated with each segment showed that the

MaRIAs could accurately assess the degree of CD activity.

3.33 Correlation analysis between the MaRIAs score and SES-CD

MaRIAs score and SES-CD were highly correlated in the terminal ileum, right colon, transverse colon,

and left colon (r = 0.85, r = 0.91, r = 0.88, r = 0.86, P < 0.001) and moderately correlated in the rectum (r =

0.74, P < 0.001). The global MaRIAs score was highly correlated with the global SES-CD (r = 0.90, P < 0.001)

(Figure 3A).

Figure 3. Correlation between the MaRIAs score and SES-CD in patients (A) and between the MaRIAs score and FC level in

patients (B).

3.34 Correlation analysis between the MaRIAs score and laboratory indexes

Correlation analysis between the total MaRIAs score and the FC level (Figure 3B), ESR and CRP level

showed moderate correlations (r = 0.77, r = 0.64, r = 0.68, P < 0.001).

3.35 Interrater reliability assessment

The agreement between the two raters was excellent in the terminal ileum, the right colon, the

transverse colon, descending colon and sigmoid colon and was fine in the rectum (Table 7).



Table 7. Interrater agreement analysis between the two raters.

Kappa value Positive(radiologist 1/2) Agreement proportion P value

the terminal ileum

thickening 0.84 74/70 86/93 <0.001

edema 0.83 68/69 85/93 <0.001

fat stranding 0.80 18/18 86/93 <0.001

ulcers 0.78 18/22 84/93 <0.001

MaRIAs 0.91 <0.001

the right colon

thickening 0.75 25/22 84/93 <0.001

edema 0.71 24/20 83/93 <0.001

fat stranding 0.76 7/4 90/93 <0.001

ulcers 0.86 12/13 90/93 <0.001

MaRIAs 0.91 <0.001

the transverse colon

thickening 0.80 29/27 85/93 <0.001

edema 0.74 24/28 80/93 <0.001

fat stranding 0.79 5/5 91/93 <0.001

ulcers 0.87 7/9 91/93 <0.001

MaRIAs 0.91 <0.001

descending colon and

sigmoid colon

thickening 0.80 57/58 84/93 <0.001

edema 0.72 49/56 80/93 <0.001

fat stranding 0.80 16/13 88/93 <0.001

ulcers 0.86 21/24 88/93 <0.001



MaRIAs 0.91 <0.001

rectum

thickening 0.69 50/60 79/93 <0.001

edema 0.68 39/45 77/93 <0.001

fat stranding 0.64 6/9 88/93 <0.001

ulcers 0.60 21/12 82/93 <0.001

MaRIAs 0.78 <0.001

total MaRIAs 0.95 <0.001

4. Discussion

In recent years, with lifestyle changes and improvements in living standards, the incidence rate of CD has

increased, and the clinical manifestations in CD patients have been increasingly complicated[15-18].

Compared with endoscopy, MR can be used to observe not only the interior of the intestinal cavity but

also extraluminal conditions such as mesenteric vessels, perimesenteric lymph nodes and related

complications to evaluate the overall situation of the patient. Many methods have been developed to

evaluate CD lesions by MR, such as the MaRIAs, Clermont index and London index[9, 13]. The most recent

evaluation method was proposed by the Rimola team and is the MaRIAs, with the advantages of being

simple and convenient. If it can accurately evaluate the activity of CD, the application of MR in CD will be

further promoted.

In this study, the SES-CD was used as the gold standard to explore the value of the MaRIAs to evaluate

the degree of CD activity. The results suggest that as the activity increases, the probability of wall

thickness> 3 mm, edema, fat stranding, and ulcers all showed an upward trend, and the total MaRIAs

score increases accordingly.This result indicates that the MaRIAs scores can reflect changes in the degree

of lesion activity regardless of whether it is in a single intestinal segment or in the total intestinal.

Mucosal healing is considered a possible treatment endpoint because it can reduce the hospitalization

rate, surgery rate, and corticosteroid use in CD patients[19].CD being a transmural disease from a

pathophysiological stand-point, achieving MH may not reflect the ongoing inflammation and intestinal

damage occurring beneath the surface of an endoscopically healed lumen[20].One case of fat stranding in

the remission group of this study may have been cured on the mucosal surface of the intestine but there

were lesions on the submucosa and serous surface. MRI can reflect the conditions of the serosal surface of

the intestinal wall and the abdominal cavity. More and more studies have shown that MRI can monitor the

treatment response. This has led some experts to recommend the use of MRI standards as the treatment

endpoint in the clinic.

Adequate patient preparation is a prerequisite for high-quality MRE. A well-filled bowel can more fully

show the disease and reduce the probability of missed diagnosis and misdiagnosis. One case of ulcer in



the relief group may be caused by poor intestinal filling and folds of the intestinal wall leading to false

positives.

Our study showed that MaRIAs≥ 1 and≥2 were the best cut-off values to identify active and severe

disease, respectively, which is similar to the results of the Rimola team[11], used the Crohn's Disease

Endoscopic Index of Severity (CDEIS) as the gold standard and found that the MaRIAs was significantly

correlated with the CDEIS and MaRIA[11].

Inflammatory indicators can reflect the activity of the disease[21, 22]. FC is an important marker of intestinal

inflammation. Compared with the ESR and CRP, FC is not affected by factors outside the intestinal tract

and has high specificity[23], which can better reflect intestinal inflammation. The results showed that there

was a moderate correlation between the MaRIAs score and the FC level, ESR and CRP level. FC is a specific

indicator of intestinal inflammation, In this study, the correlation analysis between MaRIAs and biological

indicators showed that FC and MaRIAs had the strongest correlation, but it didn’t show excellent specificity

with the MaRIAs, which may be related to the distribution of lesions in the samples and deep ulcers. A

number of studies have also shown that the FC level is related to the lesion site[14, 24].

The MaRIA is the most widely used MR scoring system for evaluating the activity and severity of CD.

However, The calculation of the relative contrast enhancement is complex and time consuming. Compared

with the MaRIA, the MaRIAs have the following three advantages: first, the calculation is simpler and more

convenient. CD is a transmural inflammation, and the inflammation situation can be accurately reflected by

replacing the relative enhancement degree with fat stranding. Second, the MaRIA score includes the

normal intestinal segments, while the MaRIAs score calculates only the diseased segments and can more

realistically reflect the pathological changes in the intestine. Third, compared with MaRIA, MaRIAs do not

require the use of intravenous contrast, which can shorten the examination time and reduce the

examination cost of patients. Without affecting the accuracy, the above advantages make MaRIAs a more

favorable tool.

In this experiment, the two radiologists' interrater agreement was moderately good to excellent, per

variable and per segment, which indicates that the MaRIAs score is stable and repeatable. The two

radiologists' assessment results in the rectum were moderately consistent compared to those in the other

segments of the intestine, which may be related to inadequate intestinal expansion[25].

Our study had some limitations. First, since this was a retrospective study, the radiologists were not

blinded to gadolinium-enhanced sequences, as its use is currently recommended in guidelines[26]. Second,

this was a single-center study. Finally, all treated patients were grouped together, but different treatments

might have different impacts on the MRI findings.

However, our study has a few strengths. It had a large sample size and evaluated more than 400

intestinal segments by MR and ileocolonoscopy. The calculations of the confidence interval of ROC analysis

and interrater agreement analysis between the two radiologists were performed per segment to fully verify

the accuracy, stability and repeatability of the MaRIAs. Furthermore, the correlation between inflammatory

factors and the MaRIAs score was analyzed to further verify the reliability that the MaRIAs can be used to

analyze the activity degree of CD in this study.



In conclusion, our study demonstrated that the MaRIAs can be used to accurately assess the activity

degree of CD and were highly correlated with the SES-CD, the gold standard, and moderately to well

correlated with three inflammatory indicators. Moreover, the interrater agreement analysis between the

two radiologists was stable and repeatable, which demonstrated that the MaRIAs can be applied in the

clinic very well.
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coefficient; AUC, area under the curve; IQR, interquartile range.

Acknowledgements: None.

Authors’ contributions: Yongli Tao performed radiological interpretations, acquired data,

which was analyzed and interpreted, completed statistical analysis, and wrote manuscript. Hong

Li conducted MaRIAs scores on MRI images, and performed critical revision of the manuscript

for intellectual content; Xiaochun Yang conducted MaRIAs scores on MRI images, and

performed critical revision of the manuscript for intellectual content, supervised the

investigation, and performed final approval; Wen Tang conducted SES-CD scores on

colonoscopy images; Guohua Fan performed critical revision of the manuscript for intellectual

content. Han Xu performed critical revision of the manuscript. All authors, approve of have read

and approved the manuscript in its current state.

Funding: This work was supported by the Preresearch Fund Project for Young Employees



(SDFEYQN1815).

Availability of data and materials:The date that support the finding of this study are available

from the corresponding author upon reasonable request

Ethics approval and consent to participate: The study protocol conforms to the ethical

guidelines of the Declaration of Helsinki. The project was approved by the ethics committee of

the Second Affiliated Hospital of Soochow University. Because of the retrospective nature of the

study, the need for individual consent was waived and this was approved by the ethics

committee of the Second Affiliated Hospital of Soochow University. A standardized research

protocol for the data collection was utilized.

Competing interests: The authors declare they have no competing interests.

Consent for publication: All authors approved the publication of this manuscript.

References

[1] Minderhoud IM, Samsom M, Oldenburg B. What predicts mucosal inflammation in Crohn's disease

patients? [J]. Inflamm Bowel Dis, 2010, 13(12): 1567-72.

[2] Daperno M, D'Haens G, Van Assche G, Baert F, Bulois P, Maunoury V,et al. Development and

validation of a new, simplified endoscopic activity score for Crohn's disease: the SES-CD [J]. Gastrointest

Endosc, 2004, 60(4): 505-12.

[3] Coimbra AJ, Rimola J, O'Byrne S, Lu TT, Bengtsson T, de Crespigny A, et al. Magnetic resonance

enterography is feasible and reliable in multicenter clinical trials in patients with Crohn's disease, and may

help select subjects with active inflammation [J]. Aliment Pharmacol Ther, 2016, 43(1): 61-72.

[4] Takenaka K, Ohtsuka K, Kitazume Y, Nagahori M, Fujii T, Saito E, et al. Comparison of magnetic

resonance and balloon enteroscopic examination of the small intestine in patients with Crohn's disease [J].

Gastroenterology, 2014, 147(2): 334-42.

[5] Jauregui-Amezaga A, Rimola J, Ordás I, Rodríguez S, Ramírez-Morros A, Gallego M, et al. Value of



endoscopy and MRI for predicting intestinal surgery in patients with Crohn's disease in the era of biologics

[J]. Gut, 2015, 64(9): 1397-402.

[6] Danese S, Sandborn WJ, Colombel JF, Vermeire S, Glover SC, Rimola J, et al. Endoscopic, Radiologic,

and Histologic Healing With Vedolizumab in Patients With Active Crohn's Disease [J]. Gastroenterology,

2019, 157(4): 1007-18.

[7] Rimola J, Ordás I, Rodriguez S, García-Bosch O, Aceituno M, Llach J, et al. Magnetic resonance

imaging for evaluation of Crohn's disease: validation of parameters of severity and quantitative index of

activity [J]. Inflamm Bowel Dis, 2011, 17(8):1759-68.

[8] Minordi LM, Larosa L, Belmonte G, Scaldaferri F, Poscia A, Gasbarrini A, et al. Crohn's disease activity

before and after medical therapy evaluated by MaRIA score and others parameters in MR Enterography [J].

Clin imaging, 2020, 62:1-9.

[9] Buisson A, Pereira B, Goutte M, Reymond M, Allimant C, Obritin-Guilhen H, et al. Magnetic resonance

index of activity (MaRIA) and Clermont score are highly and equally effective MRI indices in detecting

mucosal healing in Crohn's disease [J]. Dig Liver Dis, 2017, 49(11): 1211-7.

[10] Pous-Serrano S, Frasson M, Pàmies-Guilabert J, Rudenko P, Puchades-Román I, Beltrán B, et al. Use

of magnetic resonance index of activity (MaRIA) in the preoperative assessment of small bowel Crohn's

disease [J]. Cir Esp, 2019, 97(10): 582-9.

[11] Ordás I, Rimola J, Alfaro I, Rodríguez S, Castro-Poceiro J, Ramírez-Morros A, et al. Development and

Validation of a Simplified Magnetic Resonance Index of Activity for Crohn's Disease [J]. Gastroenterology,

2019, 157(2): 432-9.

[12] Khanna R, Bouguen G, Feagan BG, DʼHaens G, Sandborn WJ, Dubcenco E, et al. A systematic review

of measurement of endoscopic disease activity and mucosal healing in Crohn's disease: recommendations

for clinical trial design [J]. Inflamm Bowel Dis, 2014, 20(10): 1850-61.

[13] Rimola J, Alvarez-Cofiño A, Pérez-Jeldres T, Ayuso C, Alfaro I, Rodríguez S, et al. Comparison of three

magnetic resonance enterography indices for grading activity in Crohn's disease [J]. J Gastroenterol, 2017,

52(5): 585-93.

[14] Schoepfer AM, Beglinger C, Straumann A, Trummler M, Vavricka SR, Bruegger LE, et al. Fecal

calprotectin correlates more closely with the Simple Endoscopic Score for Crohn's disease (SES-CD) than

CRP, blood leukocytes, and the CDAI [J]. Am J Gastroenterol, 2010, 105(1): 162-9.

[15] Peyrin-Biroulet L, Loftus EV Jr, Colombel JF, Sandborn WJ. The natural history of adult Crohn's disease

in population-based cohorts [J]. Am J Gastroenterol, 2010, 105(2): 289-97.

[16] Ahuja V, Tandon RK. Inflammatory bowel disease in the Asia-Pacific area: a comparison with

developed countries and regional differences [J]. J Dig Dis, 2010, 11(3): 134-47.

[17] Mak WY, Zhao M, NG SC, Burisch J. The epidemiology of inflammatory bowel disease: East meets

west [J]. J Gastroenterol Hepatol, 2020, 35(3): 380-9.



[18] Ng SC, Tang W, Ching JY, Wong M, Chow CM, Hui AJ, et al. Incidence and phenotype of

inflammatory bowel disease based on results from the Asia-pacific Crohn's and colitis epidemiology study

[J]. Gastroenterology, 2013, 145(1): 158-65.

[19] Deepak P, Park SH, Ehman EC, Hansel SL, Fidler JL, Bruining DH, et al. Crohn's disease diagnosis,

treatment approach, and management paradigm: what the radiologist needs to know [J]. Abdom Radiol

(NY), 2017, 42(4): 1068-1086.

[20] Varyani F, Samuel S. "Can Magnetic Resonance Enterography (MRE) replace ileo-colonoscopy for

evaluating disease activity in Crohn's disease?" [J]. Best Pract Res Clin Gastroenterol, 2019, 38-39.

[21] Magro F, Sousa P, Ministro P. C-reactive protein in Crohn's disease: how informative is it? [J]. Expert

Rev Gastroenterol Hepatol, 2014, 8(4): 393-408.

[22] Yang DH, Yang SK, Park SH, Lee HS, Boo SJ, Park JH, et al. Usefulness of C-reactive protein as a

disease activity marker in Crohn's disease according to the location of disease [J]. Gut and liver, 2015, 9(1):

80-6.

[23] Hasler S, Zahnd N, Müller S, Vavricka S, Rogler G, Tandjung R, et al. VAlidation of an

8-item-questionnaire predictive for a positive caLprotectin tEst and Real-life implemenTation in primary

care to reduce diagnostic delay in inflammatory bowel disease (ALERT): protocol for a prospective

diagnostic study [J]. Bmj Open, 2015, 5(3): e007306.

[24] Lobatón T, López-García A, Rodríguez-Moranta F, Ruiz A, Rodríguez L, Guardiola J. A new rapid test

for fecal calprotectin predicts endoscopic remission and postoperative recurrence in Crohn's disease [J]. J

Crohns Colitis, 2013, 7(12): e641-51.

[25] Jairath V, Ordas I, Zou G, Panes J, Stoker J, Taylor SA, et al. Reliability of Measuring Ileo-Colonic

Disease Activity in Crohn's Disease by Magnetic Resonance Enterography [J]. Inflamm Bowel Dis, 2018,

24(2):440-449.

[26] Maaser C, Sturm A, Vavricka SR, Kucharzik T, Fiorino G, Annese V, et al. ECCO-ESGAR Guideline for

Diagnostic Assessment in IBD Part 1: Initial diagnosis, monitoring of known IBD, detection of complications

[J]. J Crohns Colitis, 2019, 13(2): 144-64.



Figures

Figure 1

Representative examples of magnetic resonance (MR) lesions: (A) Wall thickness >3 mm: coronal T2-
weighted images with fat saturation of the descending colon (a) and terminal ileum (b); coronal T2-
weighted images of the descending colon (c) and terminal ileum (d) (arrow in image). (B) Mural edema
(high signal intensity on T2 sequences with fat saturation compared with normal appearing loops):
coronal T2-weighted images with fat saturation (a) and without (b) of the terminal ileum from the same
patient show high signal intensity. Coronal (c) and axial (d) T2-weighted images with fat saturation of the
descending colon from the same patient (arrow in image). (C) Fat stranding (loss of the normal sharp
interface between the intestinal wall and mesentery, with edema/�uid in the perienteric fat): coronal T2-
weighted images with fat saturation of the descending colon (a), sigmoid colon (b) and ascending colon



(c) (arrow in image). (D) Mucosal ulceration: coronal T2-weighted images with fat saturation of the
ascending colon (a, c) and descending colon (b) (arrow in image).

Figure 2

The ROC curve prediction of disease activity (A) and severe activity (B) associated with each segment
showed that the MaRIAs could accurately assess the degree of CD activity.

Figure 3

Correlation between the MaRIAs score and SES-CD in patients (A) and between the MaRIAs score and FC
level in patients (B).


