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Introduction: Accurate quantification of the inflammatory activity in Crohn’s Disease is
essential to decide the adequate treatment for each patient. The aim of the present study
is to assess the correlation between the pre-operative Magnetic Resonance Index of Activity
(MaRIA) and the histologic degree of inflammation from surgically resected intestinal
Crohn’s Disease lesions.

Methods: This is a prospective study including a consecutive case series of patients with
small bowel Crohn’s Disease, who underwent surgical resection. A Magnetic Resonance
Enterography was performed during the three months prior to surgery, applying a pre-
established protocol. Relative contrast enhancements, wall thickness, presence of edema or
ulcerations were the parameters used to calculate the MaRIA Index. All patients underwent
surgery and every specimen was analysed. The modified Chiorean classification was applied
for the histological analysis and an ordinal regression analysis was used in order to correlate
MaRIA and the grade of inflammation for each lesion.

Results: 59 lesions from 35 different patients were analysed. The degree of inflammation of
the lesions was statistically correlated to the MaRIA values (P = .002). The MaRIA index was
significantly different (P < .001) between the different histological type of the Crohn'’s
Disease lesions (inflammatory/ fibrotic). The best cut-off for detecting severe inflammation
using MaRIA was 20 (AUC: 0.741, 74.1% sensitivity and 78.1% specificity).

* Please cite this article as: Pous-Serrano S, Frasson M, Pamies-Guilabert J, Rudenko P, Puchades-Roman I, Beltran B, et al. La resonancia
magnética y el indice MaRIA en la valoracién preoperatoria de la enfermedad de Crohn ileal. Cir Esp. 2019;97:582-589.
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Conclusion: MaRIA is a reliable tool to distinguish inflammatory from fibrotic lesions;
therefore, it could be considered crucial to determine the most appropriate Crohn'’s Disease
treatment for each patient.

© 2019 AEC. Published by Elsevier Espaiia, S.L.U. All rights reserved.

La resonancia magnética y el indice MaRIA en la valoracién preoperatoria
de la enfermedad de Crohn ileal

RESUMEN

Introduccion: La correcta cuantificacién de la actividad inflamatoria de las lesiones de la
enfermedad de Crohn es necesaria para establecer cudl es el manejo mds adecuado para
cada paciente. El objetivo del presente estudio es valorar la relacién entre el indice de
Actividad Inflamatorio Radiolégico de la Resonancia Magnética (MaRIA) preoperatorio y el
grado de inflamacién histolégico de las lesiones obtenidas en la cirugia.
Meétodos: Estudio prospectivo observacional consecutivo que incluye una serie de pacientes
con Enfermedad de Crohn ileal. Se realiz6 una resonancia magnética mediante enterografia,
con protocolo y secuencias pre-establecidas, en los tres meses previos a la cirugia y se
calculé el indice MaRIA. Todos los pacientes fueron intervenidos quirtrgicamente y se
remitieron muestras de cada lesién de pared completa a estudio anatomopatologico. En el
andlisis histoldgico se empled la clasificacién de Chiorean. Se realizd un dndlisis de regresion
ordinal e intergrupos.
Resultados: Se incluyen 35 pacientes con 59 lesiones. A medida que aumenta el grado de
inflamacién se obtienen, de forma significativa (p = 0.002), valores mayores del MaRIA. El
indice de MaRIA fue significativamente diferente (p < 0.001) en los diferentes tipo de
lesiones por Enfermedad de Crohn (inflamatorias/fibrotica). El mejor punto de corte del
indice MaRIA para determinar la presencia de inflamacién severa en una lesién ha resultado
ser 20 (ABC 0,741, sensibilidad 74.1%, especificidad 78.1%).
Conclusiones: En el estudio de la Enfermedad de Crohn ileal, la resonancia y el indice MaRIA
son unas herramientas de gran utilidad para diferenciar lesiones inflamatorias vs. fibrosas y
por lo tanto imprescindible para decidir el tratamiento mas adecuado.

© 2019 AEC. Publicado por Elsevier Espafia, S.L.U. Todos los derechos reservados.

Introduction

presence of luminal stenosis, ulcerations, edema (target sign),
hyper-vascularization (comb sign), lymphadenopathy, abs-
cesses, fistulas, fibro-adipose proliferation, upstream dilata-

Even though the need for surgery in patients with Crohn’s
Disease (CD) has decreased in the last few decades, a third of
them will still need a surgical intervention during the first 5
years after diagnosis, and about 50% during the first 10 years.

Many healthcare resources are utilized in the management
of CD patients. The elevated costs develop accomplish
accurate diagnostic tests. Biomarkers are required to assess
the degree of inflammation and to estimate the extent of
disease, since this will allow the most effective treatment in
each case, decreasing side effects, post-surgical complications
and costs.”® Predominantly inflammatory lesions may
improve with medical therapy as opposed to lesions with
large fibrotic component were a more aggressive approach
such as endoscopic dilatation and/or surgery may be warran-
ted. There is a need for a tool that allows us to accurately
identify the inflammatory or fibrotic component of a lesion.
There are numerous studies that try to correlate MRI findings
to the activity and severity of CD. Variables that are evaluated
in studies include: wall thickness, pattern of enhancement,

tion, diffusion studies. Several radiological indexes based on
these findings have been described in order to assess the
activity and severity of CD.* One of the most renowned, is
the Magnetic Resonance Index of Activity (MaRIA), created by
Rimola et al.,, and externally validated by themselves in 2011,
showing an optimal correlation with the Crohn’s Disease
Endoscopic Index of Severity (CDEIS).'>'* However, MaRIA is
still in need of external validation, since correlation with
pathological findings is still uncertain.

The goal of this study is to assess the accuracy of MaRIA to
reliably determine the degree of inflammation small bowel
Crohn’s disease lesions, by using pathological examination of
surgical specimens.

Methods

This is a prospective case series including 35 consecutive
patients with small bowel Crohn’s disease, who needed
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surgery due to medical treatment failure or complications.
MRI was performed in all patients within the 3 months prior to
surgery (1 month if the patient had received treatment with
anti-tumor necrosis factor biological drugs). A sub-analysis of
the present case series comparing MRI and surgical findings
have been already published.”®

The Hospital Ethics Committee approved the study
protocol. All patients accepted to participate in the study by
signing an informed consent.

CD was diagnosed according to the Lennard-Jones criteria,
after excluding infectious, ischemic or vascular, neoplastic or
actinic causes.”!

Patients were classified by age at the time of diagnosis,
disease location and disease behavior, according to the
Montreal classification.?”?* The Harvey-Bradshaw index was
used to describe the clinical activity of the CD.**

A preoperative colonoscopy was performed in all patients
in order to exclude colonic involvement and, if possible, take a
biopsy of the terminal ileum. All the decisions regarding the
therapeutic strategy were taken at a multidisciplinary team
meeting.

MRE examinations were performed according to a stan-
dardized clinical protocol on a 3T scanner (GE Medical
Systems, Milwaukee, Wisconsin, USA). Patients fasted for at
least 6 h before the procedure and then ingested 1500 ml of a
5% mannitol solution over 45 min immediately before the
exploration in order to distend the small bowel. To reduce
bowel peristalsis, 10 mg of intravenous (i.v.) hyoscine butyl-
bromide (Buscopan; Boehringer Ingelheim, Ingelheim, Ger-
many) was administered before initiating the study and
another 10 mg was given before administering the contrast
bolus.

Multi-phase dynamic contrast-enhanced scans (LAVA-XV
sequence) were performed on coronal plane before and at 35,
70, 120, and 420s after intravenous administration of
gadobenate dimeglumine (Multihance; Bracco Diagnostics
Inc., Milan, Italy). 0.2 ml/kg of gadobenate dimeglumine was
administered at a rate of 2 ml/s using a power injector. Images
were obtained in the prone position. The sequences and
parameters of the MRE protocol are described in the
supplementary material (Supl. 1).

Contrast enhancement was analyzed in each affected
small bowel segment. Three regions of interest (ROIs) were
placed on bowel wall thickness with the highest contrast
enhancement for 70 s after contrast injection and other three
ROIs were placed on sequence before contrast (at the same
place) to calculate relative contrast enhancement. ROIs
diameters were always the same size, including at least
mucosal/submucosal and muscularis bowel layers (Supl 2).
The value of the MaRIA index was calculated applying the
formula published by Rimola et al.’® (MaRIA = 1.5*wall
thickness + 0.02'RCE + 5* edema + 10*ulceration), which
includes the following parameters: relative contrast enhan-
cement (RCE), wall thickness and presence of edema and
ulcerations.

The quantitative assessment of bowel thickening was
measured on 3D T1-weighted (LAVA-XV) sequences after
contrast injection. The following qualitative parameters were
also obtained and recorded: presence of mural edema

(hyperintesity on T2-weighted sequences of the bowel wall
relative to the signal of the psoas muscle) and presence of deep
ulcers (depressions in the mucosal surface).

All images were evaluated by two radiologists with
experience in abdominal imaging. In case of discrepancies
on the parameters used to calculate MaRIA, a final evaluation
of the image was made by consensus. Both radiologists were
blinded to the clinical and laboratory data.

All resected bowel segments were submitted for patho-
logical examination indicating the number and location of
the lesions and, specifying their distance from the ileocecal
valve. During surgery, the lesions previously identified by
MRE, were located. The ones that were not confirmed during
surgery (n = 2) and/or not identified by MRE (n = 7), were
excluded from the analysis. When performing the strictu-
replasty, complete wall samples were obtained for a
histological study. Members of the Colorectal Surgery Unit,
operated on all of the patients following standardized
surgical criteria.

Two experienced pathologists, who specialize in diges-
tive diseases and are part of the multidisciplinary team for
management of inflammatory bowel diseases, were blin-
ded to the MRE findings when assessing all the specimens.
In case of discrepancies, data evaluation was made by
consensus.

Fibrosis and inflammation of the lesions were classified
according to Chiorean criteria.”® Lesions presenting a mode-
rate or severe inflammation component and, an absent, mild
or moderate fibrosis were defined as “Inflammatory lesions”.
In case of presenting both: a severe fibrotic component and
absent or mild inflammation, they were defined ‘Fibrotic
lesions”. All the other cases were defined as ‘“Mixed lesions”
(Supl. 3).

In this study, we modified the Chiorean classification by
subdividing the mixed group into mild mixed (absent or mild
inflammation and mild or moderate fibrosis) and severe
mixed (moderate or severe inflammation and severe fibrosis)
(Supl. 3).

Statistical Analysis

Data from patients and lesions were analysed. Continuous
variables were expressed by means and standard deviations,
while categorical variables were expressed by absolute
frequencies and percentages. In the bivariate analysis, the
analysis of the variance or ANOVA was used as a parametric
test of comparison of means between several groups. AP < .05
was considered statistically significant.

An ordinal regression study was performed to correlate
MaRIA values with qualitative ordinal or quasi-quantitative
variables as, for example, the degree of histological
inflammation. In order to assess the reliability of radiolo-
gical variables (MaRIA) as possible diagnostic tests in
determining the inflammation degree, the receivefs opera-
ting characteristic (ROC) curves were analysed and the area
under the curve (AUC) for each of the these variables was
calculated.?® The Youden index (sensitivity + specificity
—1)*” was used to select the most appropriate value as a
cut-off point.
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Results

A total of 59 small bowel CD lesions in 35 patients (mean age
39.2 years; range 17-64 years; 14 female and 21 male) were
included in the present analysis. Demographic and clinical
baseline data of the study population are summarized in
Table 1.

MaRIA index was significantly different (P < .001) between
the different histological type of the CD lesions (inflammatory,
fibrotic, mixed with mild inflammation, mixed with severe
inflammation) (Fig. 1A and Table 2). Inflammatory lesions and
mixed lesions with severe or moderate inflammation showed
greater MaRIA values than fibrotic or mixed lesions with
absent or mild inflammation (median value 21.1 vs. 14.8,
P =.002). Fibrotic lesions and mixed lesions with mild
inflammation had similar MaRIA values (P = .6).

All lesions with some inflammatory component (inflam-
matory and mixed lesions) showed higher MaRIA value than
lesions without an inflammatory component (fibrotic lesions)
with statistically significant value (P =.012) (Table 3 and
Fig. 1B). Furthermore, as the degree of pathological inflam-
mation increased, significantly higher (P = .002) MaRIA values
were obtained (Fig. 1C).

Fig. 2 shows the probability of obtaining different degrees of
pathological inflammation with a given MaRIA value. Higher
MaRIA values are more likely to show a greater and more
severe inflammation of the lesion (Table 4). The area under the
ROC curve (AUC) for the MaRIA, as a diagnosis biomarker of
severe inflammation was 0.741 (95% confidence interval (CI)
0.607 to 0.875), with a 74.1% sensitivity and a 78.1% specificity
considering 20 as a cut-off point. For the diagnosis of moderate
or severe inflammation, the AUC was 0.756 (95% CI 0.629 to
0.883), with the best cut-off point at 16 (sensitivity 73.0%,
specificity of 77.8%).

Correlation between MaRIA values greater than 16 and the
diagnosis of moderate or severe inflammation provided a
diagnostic accuracy of 74.6% and a high association [OR = 9.9
(95% CI) 2.6-35.3)]. The same reliability was obtained with
MaRIA greater than 20 for histologically proved severe
inflammation with a significant odds ratio [OR = 8.6 (95% CI
2.6-27.8)].

Discussion

Among the MRE indexes described for CD assessment, MaRIA
is probably the most frequently mentioned in literature;
however, it is not commonly used in clinical practice. The
present study establishes the MaRIA score as a reliable tool to
determine the degree of inflammatory activity of CD small
bowel lesions.

Other scores such as Clermont score, London score, and
Crohn disease MRI Index have been previously described. A
previous study®® comparing them along with MaRIA
concluded that all scoring systems were comparable in
terms of interobserver agreement, correlation to the
endoscopic and histopathologic reference standard, and
diagnostic accuracy; however, the London score, MaRIA,

Table 1 - Demographic and Clinical Data of Patients
(N = 35). Age at Diagnosis, Disease Location and Behavior

Were Defined According to the Montreal

Classification.?2?3

Frequency n (%)

Sex
Male 21 (60)
Female 14 (40)
Age at diagnosis
Al 1(2.9)
A2 27 (77.1)
A3 7 (20.0)
Disease location
L1 Ileal 28 (80.0)
L3 Ileo-colonic 3 (8.6)
L1 + L4 (upper GI) 4 (11.4)
Disease behavior
B1Non-stricturing,non-penetrating 3 (8.6)
B2 Stricturing 24 (68.6)
B3 Penetrating 8 (22.9)
P Perianal 9 (25.7)
Harvey Index
<6 10 (28.6)
6-12 25 (71.4)
>12 0
Previous surgery 7 (20)
Medications
5-ASA 1(2.8)
Corticosteroids 17 (48.6)
Thiopurines 14 (40.0)
Anti-TNFa 11 (31.4)
Thiopurines + Anti-TNFa 7 (20.0)
Indication for surgery
Failure of medical treatment 20 (57.1)
Without response 16 (45.7)
Medical complication 1(2.9)
Steroid dependence 3(8.6)
Preoperative complications 15 (42.9)
Obstruction 6 (17.1)
Fistulization 4 (11.4)
Abscess 1(2.9)
Other 4 (11.4)

and Clermont score have the additional benefit of having
validated cutoff values for both active and ulcerating
endoscopic disease.

MRI has recently acquired greater relevance in the
diagnosis, classification of the phenotype and especially in
the follow-up of patients with CD. MRI enterography has
proven high reliability without the inconvenience of the
ionising radiation of the computed tomography and with
the advantage over the ultrasound to be less dependent on the
radiologist experience and the location of the bowel loops.?

In recent years, there is a tendency to reverse the
therapeutic pyramid in CD patients by early introduction of
immunosuppressants and anti-tumor necrosis factor biologi-
cal (anti-TNF) drugs. This implies an increased incidence of
side effects and a significant increase in treatment’s costs (the
approximate cost of treatment with anti-TNF is 10,000 € per
year/ patient).””*° Therefore, it is essential to assess the
inflammatory grade of each CD lesion in order to decide
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Fig. 1 —- Median of MaRIA index for each group of the modified Chiorean classification (A) for lesions with inflammation vs.
fibrosis (B), and for each degree of histologic inflammation according to the Chiorean classification (C).

Table 2 - Mean MaRIA Values for Each Group of the
Modified Chiorean Scoring System.

MaRIA Mean
(IC al 95%) — Median

20.2 (16.6 a 23.8) — 20.2

Modified Chioreans
Scoring System

Inflammatory

Severe Mixed 25.4 (21.2 a 29.7) - 28.3
Mild Mixed 16.3 (11.0 a 21.5) - 15.0
Fibrosis 14.2 (11.5 a 16.9) - 14.8

Table 3 - Mean MaRIA Values for the Lesions With
Inflammatory Component and for the Pure Fibrosis.

Chiorean et al. Mean (IC al 95%) — Median
Scoring System

21.48 (19.01 a 23.95) - 21.00
14.20 (11.46 a 16.94) — 14.85

Inflammatory or Mixed
Fibrosis

whether medical treatment s indicated or surgical resection is
necessary.’>?>

It is well known that CD is a dynamic disorder whose
phenotype may evolve over time. Chronic and continuous

inflammation may consequently lead to the fibrosis of the
bowel wall. In these cases, escalating therapy could lead to
worsening of the patient’s quality of life, with potential
complications, medication side effects and higher costs.
However, as MRIEnterography hasbecome a decisive tool
for therapeutic decision-making,®' with time and expe-
rience certain doubts aboutits usein theileallocations of CD
arose. In a study published by Rimola et al.,’° 50 patients (11
with ileal and 24 with ileocolic location) were included, and
the findings of the MRE were correlated with the endoscopic
activity evaluated by CDEIS (Crohns Disease Endoscopic
Index of Severity). The lesions were classified as absent, mild
(inflammation without ulcers) and severe (presence of
ulceration). The MaRIA index proved to be highly reliable
in determining the diseasés activity (sensitivity 0.81 and
specificity 0.89) and predicting the presence of endoscopic
ulcers (sensitivity 0.95 and specificity 0.91).° Later, the
authors validated the index and concluded that a MaRIA
value equal to or greater than 7 indicated an active disease;
and greater than or equal to 11 indicated severe disease.'*
However, authors specified that one of the limitations of the
study is the lack of an independent cohort of results for
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Fig. 2 - Ordinal regression analysis showing the correlation
between values of the MaRIA and the different degrees of
inflammation.

Table 4 - Probabilities of Each Degree of Inflammation for
Different Examples of MaRIA’s Values.

MaRIA Degree of Inflammation
No Mild Moderate Severe

7 16,5% 49,8% 20,7% 12,8%
11 10,5% 43,5% 26,0% 19,7%
16 5,8% 32,3% 29,7% 32,0%
20 3,5% 23,3% 28,9% 44,2%
25 1,8% 14,2% 23,6% 60,2%
30 1,0% 8.1% 16,5% 74,3%

validation, since colonoscopy exploration required for
CDEIS (endoscopic index) is often very difficult or even
impossible to perform in patients with stenotic (inflamma-
tory or fibrotic) lesions.

Our prospective study, correlated for the first time the
MaRIA index to the pathological findings of the resected bowel
segments. The demographic characteristics of the patients
analysed in our study are similar to those in larger series of
patients who underwent surgery.>?

The pathological classification published by Chiorean et al.
in 2007?°> was used as a score for inflammatory and fibro-
stenotic features. This classification is the easiest and one of
the most practical tools to classify lesions as predominantly
inflammatory or predominantly fibro-stenotic, or mixed.
Nevertheless, the mixed group quite frequently includes
lesions with very different characteristics. For this reason,
we subdivided the mixed group into a mild and a severe, in
order to analyse differences in the MaRIA values. The severe
mixed group (segments with moderate or severe inflamma-
tion) showed similar results to segments with inflammatory
predominance, while the lesions of the mild mixed group
(segments with mild or absent inflammation) showed values
that were similar to the ones found in fibrotic lesions. The
severe mixed subgroup shows the highest values of the MaRIA
series, probably due to the adding effect of the two
pathological characteristics.

Alike previous publications, our study reveals that, as
the value of the MaRIA index increases, the severity of
lesion’s inflammation is more likely to increase. In an

ordinal regression analysis, using MaRIA values, it is
possible to calculate the different probabilities of having
an inflammatory lesion and calculating its degree of
inflammation, which renders this study of significant
practical interest. In contrast to other studies, in our series,
the mean value of the MaRIA obtained in cases of pure
fibrosis was 14.2, while values equal to or greater than 16
indicated lesions with moderate to severe inflammation
and values equal to or greater than 20 indicated severe
inflammation with an accuracy of 74.6%. Other authors
reported that values equal to or higher than 7 indicate
active disease and greater than or equal to 11 indicate
severe disease.’®! In their study, the inflammatory activity
was measured by endoscopy (CDEIS) and there were a high
percentage of colic or ileocolic lesions. In contrast, in our
study inflammatory activity was measured by the histology
of the complete wall of the affected bowel segment and we
evaluated jejuno-ileal lesions that would not allow neither
endoscopic specimen sampling nor CDEIS, in most of the
cases. These facts could probably explain the difference in
theresults of our study, probably indicating the necessity of
modifying the MaRIA cut-off points when studying small
bowel lesions.

As recently suggested by Rimola et al.>* severe fibrosis
could also be evaluated pre-operatively by MRE on the basis of
the enhancement gain between early and late phases. It has
also been recently proposed that MaRIA reliability could be
improved by modification with diffusion weighted MRI
secuences.

Finally, MaRIA accuracy in the evaluation of the response to
medical treatment should be further studied.

Conflict of Interest

There is no conflict to declare

Funding

No specific funding has been received for this project.

Author Contributions

Study Design: Salvador Pous-Serrano, Matteo Frasson, Jose
Pamies-Guilabert, Eduardo Garcia-Granero, Pilar Nos Mateu.

Data Collection: Salvador Pous-Serrano, Jose Pamies-
Guilabert, Iciar Puchades-Roman, Belén Beltran.

Data Analysis and Interpretation: Salvador Pous-Serrano,
Jose Pamies-Guilabert, Matteo Frasson.

Manuscript Writing: Salvador Pous-Serrano, Matteo Fras-
son, Jose Pamies-Guilabert, Polina Rudenko.

REFERENCES

1. Frolkis AD, Dykeman ], Negron ME, Debruyn J, Jette N, Fiest
KM, et al. Risk of surgery for inflammatory bowel diseases


http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0005
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0005

588

CIR ESP. 2019;97(10):582-589

10.

11.

12.

13.

14.

15.

has decreased over time: a systematic review and meta-
analysis of population-based studies. Gastroenterology.
2013;145:996-1006.

. Panes ], Bouzas R, Chaparro M, Garcia-Sanchez V, Gisbert JP,

Martinez de Guerenu B, et al. Systematic review: the use of
ultrasonography, computed tomography and magnetic
resonance imaging for the diagnosis, assessment of activity
and abdominal complications of Crohn’s disease. Aliment
Pharmacol Ther. 2011;34:125-45.

. Panes J, Bouhnik Y, Reinisch W, Stoker J, Taylor SA,

Baumgart DC, et al. Imaging techniques for assessment of
inflammatory bowel disease: joint ECCO and ESGAR
evidence-based consensus guidelines. ] Crohns Colitis.
2013;7:556-85.

. Rimola J, Ordas I, Rodriguez S, Ricart E, Panes J. Imaging

indexes of activity and severity for Crohn’s disease: current
status and future trends. Abdom Imaging. 2012;37:958-66.

. Hyun SB, Kitazume Y, Nagahori M, Toriihara A, Fujii T,

Tsuchiya K, et al. Magnetic resonance enterocolonography is
useful for simultaneous evaluation of small and large
intestinal lesions in Crohn’s disease. Inflamm Bowel Dis.
2011;17:1063-72.

. Laghi A, Borrelli O, Paolantonio P, Dito L, Buena de Mesquita

M, Falconieri P, et al. Contrast enhanced magnetic
resonance imaging of the terminal ileum in children with
Crohn’s disease. Gut. 2003;52:393-7.

. Girometti R, Zuiani C, Toso F, Brondani G, Sorrentino D,

Avellini C, et al. MRI scoring system including dynamic
motility evaluation in assessing the activity of Crohn'’s
disease of the terminal ileum. Acad Radiol. 2008;15:153-64.

. Horsthuis K, de Ridder L, Smets AM, van Leeuwen MS,

Benninga MA, Houwen RH, et al. Magnetic resonance
enterography for suspected inflammatory bowel disease in a
pediatric population. ] Pediatr Gastroenterol Nutr. 2010;51:603-9.

. Pascu M, Roznowski AB, Muller HP, Adler A, Wiedenmann B,

Dignass AU. Clinical relevance of transabdominal
ultrasonography and magnetic resonance imaging in
patients with inflammatory bowel disease of the terminal
ileum and large bowel. Inflamm Bowel Dis. 2004;10:373-82.
Rimola J, Rodriguez S, Garcia-Bosch O, Ordas I, Ayala E,
Aceituno M, et al. Magnetic resonance for assessment of
disease activity and severity in ileocolonic Crohn’s disease.
Gut. 2009;58:1113-20.

Rimola J, Ordas I, Rodriguez S, Garcia-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. Inflamm Bowel Dis.
2011;17:1759-68.

Sailer J, Peloschek P, Reinisch W, Vogelsang H, Turetschek K,
Schima W. Anastomotic recurrence of Crohn’s disease after
ileocolic resection: comparison of MR enteroclysis with
endoscopy. Eur Radiol. 2008;18:2512-21.

Schreyer AG, Golder S, Scheibl K, Volk M, Lenhart M,
Timmer A, et al. Dark lumen magnetic resonance
enteroclysis in combination with MRI colonography for
whole bowel assessment in patients with Crohn’s disease:
first clinical experience. Inflamm Bowel Dis. 2005;11:388-94.
Schreyer AG, Rath HC, Kikinis R, Volk M, Scholmerich J,
Feuerbach S, et al. Comparison of magnetic resonance
imaging colonography with conventional colonoscopy for
the assessment of intestinal inflammation in patients with
inflammatory bowel disease: a feasibility study. Gut.
2005;54:250-6.

Tillack C, Seiderer J, Brand S, Goke B, Reiser MF, Schaefer C,
et al. Correlation of magnetic resonance enteroclysis (MRE)

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

and wireless capsule endoscopy (CE) in the diagnosis of
small bowel lesions in Crohn’s disease. Inflamm Bowel Dis.
2008;14:1219-28.

Seiderer J, Herrmann K, Diepolder H, Schoenberg SO,
Wagner AC, Goke B, et al. Double-balloon enteroscopy
versus magnetic resonance enteroclysis in diagnosing
suspected small-bowel Crohn’s disease: results of a pilot
study. Scand J Gastroenterol. 2007;42:1376-85.
Gourtsoyiannis N, Papanikolaou N, Grammatikakis J,
Papamastorakis G, Prassopoulos P, Roussomoustakaki M.
Assessment of Crohn’s disease activity in the small bowel
with MR and conventional enteroclysis: preliminary results.
Eur Radiol. 2004;14:1017-24.

Oussalah A, Laurent V, Bruot O, Bressenot A, Bigard MA,
Regent D, et al. Diffusion-weighted magnetic resonance
without bowel preparation for detecting colonic
inflammation in inflammatory bowel disease. Gut.
2010;59:1056-65.

Steward MJ, Punwani S, Proctor I, Adjei-Gyamfi Y, Chatterjee
F, Bloom S, et al. Non-perforating small bowel Crohn'’s
disease assessed by MRI enterography: derivation and
histopathological validation of an MR-based activity index.
Eur J Radiol. 2012;81:2080-8.

Pous-Serrano S, Frasson M, Palasi Giménez R, Sanchez-Jorda
G, Pamies-Guilabert J, Llavador Ros M, et al. Accuracy of
magnetic resonance enterography in the preoperative
assessment of patients with small bowel Crohn’s disease.
Colorectal Dis. 2017;19:0126-133.

Lennard-Jones JE. Classification of inflammatory bowel
disease. Scand ] Gastroenterol Suppl. 1989;170:2-6.
discussion 16-9.

Satsangi J, Silverberg MS, Vermeire S, Colombel JF. The
Montreal classification of inflammatory bowel disease:
controversies, consensus, and implications. Gut.
2006;55:749-53.

Silverberg MS, Satsangi J, Ahmad T, Arnott ID, Bernstein CN,
Brant SR, et al. Toward an integrated clinical, molecular and
serological classification of inflammatory bowel disease:
Report of a Working Party of the 2005 Montreal World
Congress of Gastroenterology. Can J Gastroenterol. 2005;19
Suppl A:5-36.

Harvey RF, Bradshaw JM. A simple index of Crohn’s-disease
activity. Lancet. 1980;1:514.

Chiorean MV, Sandrasegaran K, Saxena R, Maglinte DD,
Nakeeb A, Johnson C. Correlation of CT Enteroclysis With
Surgical Pathology in Crohn’s Disease. Am ] Gastroenterol.
2007;102:2541-50.

Beck JR, Shultz EK. The use of relative operating
characteristic (ROC) curves in test performance evaluation.
Arch Pathol Lab Med. 1986;110:13-20.

Youden WJ. Index for rating diagnostic tests. Cancer.
1950;3:32-5.

Puylaert CAJ, Nolthenius CJT, Tielbeek JAW, Makanyanga JC,
Rodriguez-justo M, Brosens LAA, et al. Comparison of MRI
activity scoring systems and features for the terminal ileum
in patients with Crohn disease. AJR Am ] Roentgenol.
2019;212:W25-31.

D’Haens G, Baert F, van Assche G, Caenepeel P, Vergauwe P,
Tuynman H, et al. Early combined immunosuppression or
conventional management in patients with newly
diagnosed Crohn'’s disease: an open randomised trial.
Lancet. 2008;371:660-7.

Ricart E, Garcia-Bosch O, Ordas I, Panes J. Are we giving
biologics too late? The case for early versus late use. World ]
Gastroenterol. 2008;14:5523-7.


http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0005
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0005
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0005
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0010
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0010
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0010
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0010
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0010
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0010
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0015
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0015
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0015
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0015
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0015
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0020
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0020
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0020
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0025
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0025
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0025
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0025
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0025
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0030
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0030
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0030
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0030
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0035
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0035
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0035
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0035
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0040
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0040
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0040
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0040
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0045
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0045
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0045
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0045
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0045
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0050
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0050
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0050
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0050
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0055
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0055
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0055
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0055
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0055
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0060
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0060
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0060
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0060
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0065
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0065
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0065
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0065
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0065
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0070
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0070
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0070
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0070
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0070
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0070
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0075
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0075
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0075
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0075
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0075
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0080
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0080
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0080
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0080
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0080
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0085
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0085
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0085
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0085
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0085
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0090
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0090
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0090
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0090
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0090
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0095
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0095
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0095
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0095
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0095
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0100
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0100
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0100
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0100
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0100
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0105
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0105
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0105
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0110
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0110
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0110
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0110
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0115
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0115
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0115
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0115
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0115
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0115
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0120
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0120
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0125
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0125
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0125
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0125
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0130
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0130
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0130
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0135
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0135
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0140
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0140
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0140
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0140
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0140
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0145
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0145
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0145
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0145
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0145
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0150
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0150
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0150

CIR ESP. 2019;97(10):582-589 589

31. Hovde O, Moum BA. Epidemiology and clinical course of 33. KimJS, Jang HY, Park SH, Kim K-J, Han K, Yang S-K, et al. MR
Crohn’s disease: results from observational studies. World ] Enterography assessment of bowel inflammation severity in
Gastroenterol. 2012;18:1723-31. Crohn disease using MR index of activity score: Modifying

32. RimolaJ, Planell N, Rodriguez S, Delgado S, Ordés I, Ramirez- roles of DWI and effects of contrast phases. Am ]

Morros A, et al. Characterization of inflammation and Roentgenol. 2017;208:1022-9.

fibrosis in Crohn’s disease lesions by magnetic resonance
imaging. Am ] Gastroenterol. 2015;110:432-40.


http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0155
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0155
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0155
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0160
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0160
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0160
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0160
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0165
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0165
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0165
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0165
http://refhub.elsevier.com/S2173-5077(19)30212-1/sbref0165

	Use of Magnetic Resonance Index of Activity (MaRIA) in the Preoperative Assessment of Small Bowel Crohn’s Disease
	Introduction
	Methods
	Statistical Analysis

	Results
	Discussion
	Conflict of Interest
	Funding
	Author Contributions
	References


