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Abstract

Background: A simplified magnetic resonance enterography (MRe) index (sMARIA) for Crohn’s disease (CD) was
recently developed and validated.

Objective: Our aims were (a) to assess sSMARIA’s accuracy in a sample other than the validation cohort; (b) to
evaluate its correlation with a simpler endoscopy index (SES-CD) and fecal calprotectin (FC); and (c) to assess the
need of an expert radiologist to reliably use sMARIA.

Methods: Patients with CD who underwent MRe, ileocolonoscopy and FC within 2-4 weeks had their MRe retro-
spectively reviewed by two blinded raters. Disease activity was evaluated through sMARIA, SES-CD and FC. sMARIA’s
accuracy, indices correlation, and interrater reliability were assessed.

Results: In total, 84 patients were included, comprising 420 intestinal segments evaluations. SMARIA >1 accurately
identified segments with active disease (90% sensitivity, 98% specificity; area under the curve 0.94, 95% confidence
interval (Cl) 0.91-0.97; p < 0.01). sSMARIA correlated with endoscopy, both for ileal and colonic segments (R=0.94
and R=0.82; p < 0.01). Per patient, there was a strong correlation between sMARIA, endoscopy (R=10.95; p < 0.01)
and FC (R=0.91; p < 0.01). Interrater agreement was excellent (intraclass correlation coefficient 0.95; 95% Cl 0.94-
0.96; p < 0.01).

Conclusion: sMARIA accurately measured CD activity using SES-CD as standard of reference, and exhibited high
correlation with a simple endoscopic index and a biomarker. The interrater reliability between a radiology resident
and an expert was excellent.
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limitations, a newly simplified version of the score
(SMARIA) was recently developed and validated.®
sMARIA is a categorical 4-variable score, that was
shown to accurately measure CD activity, severity
and response to therapy. The same group further
explored sMARIA, demonstrating a reproducible
performance, even without gadolinium-enhanced
sequences.” These studies used the Crohn’s Disease
Endoscopic Index of Severity (CDEIS) to address
sMARIA’s accuracy and endoscopy correlation.®’
Though CDEIS has proven to be reliable and repro-
ducible,®? this is a time-consuming index, making it
unsuitable for everyday practice. Hence, a complemen-
tary analysis using a simpler endoscopic index is desir-
able. Furthermore, to prove sSMARIA’s role as a
monitoring tool, a biomarker correlation analysis
would be appropriate. On the other hand, an essential
aspect of indices is reliability.'® In the original
sSMARIA publication, one of the limitations pointed
by Ordas et al.® was that only experienced radiologists
were involved in SMARIA development.

Our study aimed to assess SMARIA diagnostic accu-
racy, in a sample other than the validation cohort, using
the Simple Endoscopic Score for CD (SES-CD) as the
reference standard. We also evaluated sSMARIA’s corre-
lation and agreement with everyday practice instruments
such as a simpler endoscopy index and fecal calprotectin
(FC) biomarker. To evaluate the required training for
an acceptable use of SMARIA, we calculated the inter-
rater reliability between a radiology resident and a
senior abdominal radiologist.

Material and methods

Study design

This was a retrospective, 5-year cohort study (March
2015-March 2020). Through the Radiology department
registries, all MRe studies performed since March 2015
were signalled. Subsequently, MRe studies performed for
CD evaluation were identified, and these patients’ endo-
scopic data, clinical data, and biochemistry assays were
reviewed. Adult patients diagnosed with ileal, colonic or
ileocolonic CD,"" followed at our tertiary hospital, who
underwent MRe, ileocolonoscopy and FC within a 2—4
week timeframe were eligible. Ileocolonoscopy and FC
were considered within a maximum of 2 weeks prior or 2
weeks after MRe. Patients treated with over 15mg of
prednisolone daily, those whose pharmacological thera-
py was modified within the examinations timeframe, and
patients whose MRe evaluations were considered of low
quality were excluded.

Eligible MRe studies were retrospectively and inde-
pendently evaluated by an expert radiologist with
13 years of experience in abdominal radiology (JB),

and by a final-year radiology resident (ARV) differen-
tiating in abdominal radiology who had previously
completed MRe training.

Patient characteristics

Demographics (age, gender) and clinical variables
(Montreal classification for CD, time of diagnosis, sur-
gical history, ongoing therapy) were collected.

Procedure and operative details

Disease activity was evaluated through sMARIA, SES-
CD and FC.

MRe analysis: sSMARIA. All MRe examinations were per-
formed in the supine position in a 1.5 T magnet
(Magnetom Symphony Tim System, Siemens,
Erlangen, Germany) equipped with a two phased-
array-6-elements coils, according to the institution
standard acquisition protocol (Supplementary data
file). All patients received orally 1000—1500 ml of iso-
osmotic polyethylene glycol solution 1 h prior to MRe.

Image analysis was independently performed by two
raters — one experienced radiologist and one radiology
resident — blinded to clinical and endoscopic aspects.
To allow comparison with the endoscopic score, five
segments were considered: terminal ileum; right
colon; transverse colon; left colon; and rectum. As
defined by Ordas et al.,® the sSMARIA in each segment
was calculated by the following formula: 1 x thickening
>3mm+ | x edema + 1xfat stranding + 2 x ulcers,
these four variables being categorised as absent or pre-
sent (Figure 1). Hence, SMARIA ranges from 0 to 5 per
segment and global SMARIA ranges from 0 to 25.
Image interpretation focused on T2 weighted sequences
to identify all sSMARIA variables (thickening, mural
edema, fat stranding and ulcers).

Ileocolonoscopy: SES-CD. All ileocolonoscopies were
performed under deep or superficial sedation, by a
single experienced inflammatory bowel disease endo-
scopist (HTS), following the standard protocol, which
includes reporting CD lesions according to the SES-
CD. According to SES-CD, five bowel segments are
considered (terminal ileum, right colon, transverse
colon, left colon, and rectum), and for each segment,
four variables are scored from 0 to 3, as described else-
where.'? SES-CD per patient results from adding the
five segments’ individual scores. This allows to calcu-
late ileal and colonic SES-CD as two separate scores.'?
Thus, SES-CD ranges from 0 to 12 per segment, and
global SES-CD ranges from 0 to 60.' SES-CD
between 0 and 2 is considered as inactive disease, 36
as mildly active, 7-15 as moderately active, and >16 as



1210 United European Gastroenterology Journal 8(10)

2) Mural edemayg

Figure 1. (1) Wall thickening - coronal T2-weighted (a) and axial T2-weighted fat suppressed (b) images show the terminal ileum
with a thickened wall (arrow); coronal T2-weighted images depict wall thickening of the transverse colon (arrows in image (c))
and a slighter thickening of the ascending colon (arrow in image (d)). Note the intramural high signal intensity (star in image (b))
corresponding to inflammatory edema.

(2) Mural edema - coronal T2-weighted images without (a) and with fat suppression (b) show intramural high signal intensity in a
thickened segment of terminal ileum (arrow), corresponding to inflammatory edema in the submucosal layer. Its presence in the
fat-suppressed image assures it corresponds to edema.

(3) Fat stranding - axial T2-weighted fat suppressed images (a,b) show fat stranding (star) as a loss of the interface between the
intestinal wall and the mesenteric (a) or mesocolic fat (b) due to the presence of edema and fluid. Note the thickening of the
ileum (a) and the colon (b).

(4) Ulcers - axial T2-weighted fat-suppressed (a) and coronal T2-weighted (b) images depicting ulcers in the terminal ileum
(arrows). Coronal T2-weighted image (c) shows ulcers in the transverse colon wall (arrows). Axial T2-weighted fat-suppressed
image (d) depicts an ulcer in the sigmoid colon (arrow).

severely active disease.'*'” In this study, patients were
considered as having severe disease if global SES-CD
was >16. In addition, a classification of severity on a
segment basis was performed by considering the pres-
ence of severe lesions (ulcers).®

Concentration of FC. Sample extracts were performed at
our hospital laboratory, and FC concentration (ug/g)

was then measured using a commercially available fluo-
roenzyme immunoassay (ELA Calprotectin). Peyrin-
Biroulet et al.'® underlined that multiple FC cut-off
values have been described, but determining thresholds
for fecal biomarkers to differentiate between different
disease severities can be challenging. In our study, to pre-
vent selection bias and systematic error, FC scoring was
used as a continuous scale to describe disease activity.
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Statistical considerations

All statistical analysis was performed using the
Statistical Package for the Social Sciences, version
25.0 (IBM Corp., Armonk, New York, USA), and
level of significance was established at 5%. An informal
approach to test numerical variables normality was
performed wusing the histogram evaluation, that
showed a right-skewed distribution for all variables.
Descriptive data were described as median and inter-
quartile range for continuous variables, and categorical
variables were summarised using absolute (n) and rel-
ative frequencies (%). Two decimals were used
throughout the manuscript and three decimals were
used to express p-values. Kruskall-Wallis test was
used to compare different groups of subjects.

The senior abdominal radiologist reader set was
used to evaluate SMARIA’s diagnostic accuracy for
the prediction of active disease and severe disease per
segment, using the receiver operating characteristic
(ROCQ) area under the curve (AUC), based on the endo-
scopic categorisation of active disease and ulcer obser-
vation. Analysis using the radiology resident reader set
was also performed for comparison purposes.

Correlations between the SMARIA and SES-CD
(per segment and per patient), and global sMARIA
and FC were measured by the Spearman coefficient
test. Kappa statistics test was applied for the evaluation
of agreement between the SMARIA and endoscopy for
binary classification of active and severe disease.

For the interrater reliability assessment, the intra-
class correlation coefficient (ICC) was calculated to
access total SMARIA per segment score agreement
between the two raters. Sub-analysis was performed
for each intestinal segment and for each sMARIA
item using Kappa statistics test for each paired evalu-
ation by the two raters.

Ethical considerations

The study protocol conforms to the ethical guidelines
of the Declaration of Helsinki, and received favourable
opinion from the Algarve University Hospital Center
Ethic Committee (30/11/2019). The authors retrospec-
tively analysed data from March 2015 to March 2020.
Thus, waiver of consent for this study was approved.
All efforts were made to ensure confidentiality of the
data.

Results

Patient characteristics

In total, 87 patients were eligible. Three MRe studies
were excluded because of low quality (movement arti-
facts [n=2]; suboptimal bowel distension [n=1]).

Table 1. Patient demographics and clinical characteristics.

Characteristics

27 (42-20)
48 (57.14)/36 (42.86)

Age, years; median (IQR)
Female/Male gender, n (%)

CD Montreal classification, n (%)
Age at diagnosis

Al (under 16 years) 19 (22.62)

A2 (17-40 years) 63 (75.00)

A3 (over 40 years) 2 (2.38)
Disease location

L1 (terminal ileum) 38 (45.24)

L2 (colon) 12 (14.29)

L3 (ileum plus colon) 34 (40.48)

Disease behaviour

B1 (nonstricturing, nonpenetrating) 64 (76.19)
B2 (stricturing) 11 (13.09)
B3 (penetrating) 9 (10.71)
Disease duration, years; median (IQR) 7 (21-3)
Surgical history, n (%) 5 (5.95)
Treatment, n (%)
No treatment 20 (23.81)
Steroids 2 (2.38)
Immunosuppressives 27 (32.14)
Biologics 35 (41.67)

IQR: interquartile range; CD: Crohn’s disease.

Finally, 84 patients were included, comprising a total
of 420 intestinal segments explored by MRe and endos-
copy. Four patients had a history of ileocecal surgical
resection prior to MRe. One patient had two ileal stric-
turoplasties that did not compromise segment evalua-
tion. Table 1 presents patients’ demographic and
clinical characteristics.

Disease activity assessment

60 patients (71.43%) had active disease on endoscopy
(SES-CD score >3), for a total of 85 segments with
disease activity. As for severe disease, 12 patients
(14.29%) had severe disease (SES-CD score >16),
and severe lesions (ulcers) were identified in 28 seg-
ments. Endoscopic disease activity and severity were
documented both for ileal (49 and 18 segments, respec-
tively) and colonic segments (36 and 10 segments,
respectively). Table 2 presents descriptive statistics on
the SMARIA and FC assessments between patients
with inactive, active or severe disease on endoscopy.

Diagnostic accuracy of the SMARIA

To maximise the accuracy captured by the ROC curve,
all points of the SMARIA score domain were dichoto-
mously tested to identify the ideal cut-off point for the
identification of intestinal segments with active and
severe disease on endoscopy. SMARIA >1 accurately
identified segments with active disease with 90%
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Table 2. MRe and FC assessments according to disease activity on endoscopy.

Assessments, median (IQR) Inactive Active Severe p-value
sMARIA

Per segment 0 2 (3-2) 3 (5-2) 0.000

Per patient 0 2 (3-1) 5 (8-3) 0.000
FC value (ng/g)

Per patient 23 (11-60) 358 (102-497) 1001 (680-1819) 0.000

p-values based on Kruskal-Wallis test.

IQR: interquartile range; SMARIA: simplified Magnetic Resonance Index of Activity for Crohn’s Disease; MRe: magnetic resonance enterography; FC:

fecal calprotectin.
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Figure 2. (a) ROC curve for the prediction of active disease; (b)

sensitivity (77 segments with SsMARIA >1, out of 85
segments with SES-CD >3) and 98% specificity (AUC
0.94; 95% confidence interval [CI] 0.91-0.97;
p<0.001). As for severe disease, SMARIA >3 accu-
rately identified segments with severe lesions (ulcers)
with 93% sensitivity (26 segments with sSMARIA >3
out of 28 segments with ulcers) and 92% specificity
(AUC 0.93; 95% CI 0.89-0.97; p<0.001) (Figure 2).
sMaRIA’s diagnostic accuracy separate sub-analysis
for each intestinal segment is presented in Table 3.
MRe overestimated severity in the rectum, and accura-
cy was not significant for the identification of severe
disease in this segment. Still, the one patient with
severe rectal lesions on endoscopy was adequately cap-
tured by a sMARIA >3. Also, endoscopic remission
(SES-CD 0 to 2 per segment) was correctly identified
by a sSMARIA score <1 in 98.8% of cases (332 out of
336 segments with inactive disease).

ROC curve for the prediction of severe disease.

This analysis was additionally performed for the
radiology resident reader set, and accuracy was com-
parable between raters. SMARIA >1 and >3, rated by
the radiology resident, accurately identified segments
with active disease with 87% sensitivity and 98% spe-
cificity (AUC 0.92; 95% CI 0.88-0.97; p < 0.001) and
severe disease with 89% sensitivity and 92% specificity
(AUC 0.91; 95% CI 0.84-0.97; p <0.001).

Correlation and agreement between scores

At the segment level, a significant correlation between
SMARIA and SES-CD was observed for both ileal
(R=0.94; p<0.001) and colonic segments (R =0.82;
p<0.001). Also, there was an excellent correlation
between global sMARIA and SES-CD (R=0.95;
p<0.001) and between sSsMARIA and FC (R=0.91;
p<0.001) per patient. The correlation between
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Table 3. sMaRIA’s diagnostic accuracy for the identification of active and severe disease on endoscopy, per intestinal segment.

Cl 95%
sMARIA’s diagnostic accuracy AUC Lower limit Upper limit p-value
Active disease on endoscopy
Terminal ileum 0.96 0.92 0.99 0.000
Right colon 0.91 0.79 1 0.000
Transverse colon 0.93 0.84 1 0.000
Left colon 0.92 0.84 0.99 0.000
Rectum 0.89 0.76 1 0.000
Severe disease on endoscopy
Terminal ileum 0.88 0.82 0.93 0.000
Right colon 0.94 0.83 1 0.000
Transverse colon 0.86 0.61 1 0.014
Left colon 0.95 0.91 0.99 0.002
Rectum 0.73 0.29 1 0.260

p-values based on the receiver operating characteristic (ROC) area under the curve (AUC) analysis.
Cl: Confidence Interval; sMARIA: simplified Magnetic Resonance Index of Activity for Crohn’s Disease.

SMARIA and FC remained equally strong when a sep-
arate analysis was performed for ileal, colonic and ileo-
colonic CD (R =0.88, R=0.92, R =0.88, respectively;
p<0.001).

Per segment agreement between the SMARIA and
endoscopy for binary classification of active disease
was strong (K=0.87; p<0.001). Agreement for the
identification of severe disease was moderate
(K=0.60; p<0.001).

Interrater reliability assessment

Overall, interrater agreement between the radiology
expert and the resident was excellent (ICC 0.95; 95%
CI 0.94-0.96; p<0.001). Sub-analysis per sMARIA
variables, and per intestinal segment is detailed in
Table 4. sSMARIA variables were all found highly reli-
able between raters, and per intestinal segment analysis
showed raters agreement proportions over 92%.
Interrater agreement between the two readers was
always superior for the terminal ileum (K =0.88-1.0),
and globally inferior, still moderate, for the transverse
colon and rectum (K =0.52-0.59).

Discussion

In this study, we conclusively showed sMARIA’s high
accuracy to predict CD activity and severity using SES-
CD as the reference standard. In addition, we disclosed
SMARIA’s strong correlation with everyday practice
tools such as a simple endoscopic score and a biomark-
er. Lastly, we demonstrated an overall, per item, and
per segment SMARIA interrater adequate reliability,
between an experienced radiologist and a resident.
This is the largest assessment on SMARIA’s perfor-
mance after its development study.® More recently, the

Table 4. Interrater agreement analysis between the two
raters.

SMARIA items detection Kappa Agreement

per segment value proportion p-value

Thickening (>3 mm) 0.88 404/420 0.000
Terminal ileum 1 84/84
Right colon 0.93 83/84 0.000
Transverse colon 0.69 80/84 0.000
Left colon 0.74 78/84 0.000
Rectum 0.59 79/84 0.000

Edema 0.87 404/420 0.000
Terminal ileum 0.95 82/84 0.000
Right colon 0.93 83/84 0.000
Transverse colon 0.58 80/84 0.000
Left colon 0.78 79/84 0.000
Rectum 0.64 80/84 0.000

Fat stranding 0.86 406/420 0.000
Terminal ileum 0.98 83/84 0.000
Right colon 0.84 82/84 0.000
Transverse colon 0.52 79/84 0.000
Left colon 0.79 80/84 0.000
Rectum 0.66 82/84 0.000

Ulcer 0.75 411/420 0.000
Terminal ileum 0.88 82/84 0.000
Right colon 0.55 81/84 0.000
Transverse colon 0.66 83/84 0.000
Left colon 0.66 82/84 0.000
Rectum 0.66 83/84 0.000

p-values based on Kappa statistics test.
sSMARIA: simplified Magnetic Resonance Index of Activity for Crohn’s
Disease.

same group of authors addressed the score’s perfor-
mance without gadolinium-enhanced sequences in a
50-patient sample, reinforcing this instrument asset.’
In addition, only a comment by Williet et al.'” was
published on this subject, confirming sMARIA’s
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correlation with the original MARIA, and the
Clermont index. Williet et al. advocated that a
SMARIA <1 could predict ‘deep remission’.

However, ‘deep remission’ was defined with no endo-
scopic evaluation. Thus, we believe that an independent
external validation of the sMARIA was lacking.

To date, endoscopy and endoscopic scores remain
the gold standard for the evaluation of CD.'® Although
CDEIS is considered the standard score, its calculation
is complex and unsuitable for clinical practice.'® SES-
CD is simpler, significantly correlates with CDEIS,'*!”
and with MRe through the original MARIA score.”’
In our study, more than 400 intestinal segments were
evaluated by ileocolonoscopy, with endoscopic assess-
ment based on SES-CD. Our results conclusively dem-
onstrated that sMARIA’s diagnostic accuracy to
identify disease remission, active disease and severe dis-
ease was excellent, using SES-CD as the reference
index. Ordas et al.® showed that sMARIA >1 and >2
were the best cut-off values to identify active and severe
disease, respectively, using CDEIS. Similarly, we dem-
onstrated a SMARIA >1 and >3 as the optimal cut-off
values to identify active and severe disease, using SES-
CD. This difference in the cut-off value for identifica-
tion of severe inflammation on MRe may be explained
by a low number of segments with severe lesions
(n=28) in our study population.

The major driver for the SMARIA development was
the demand for a quick and easy imaging index that
could be generalised for clinical practice, without
compromising its original accuracy.® Indeed, there is
a growing need to replace invasive tools with non-
invasive alternatives,! which should correlate with the
endoscopy gold standard, intercorrelate themselves,
and add to one another. Endoscopic skipping phenom-
enon requiring a beyond-the-mucosa assessment and
FC elevation constitute examples of this concept. FC
appears to be the most sensitive biomarker of intestinal
inflammation in inflammatory bowel disease, but it
provides no information on disease phenotype or com-
plications." In these scenarios, a MRe evaluation would
be useful and complementary. Original MARIA and
FC correlation was demonstrated for colonic CD.*
To prove sSMARIA’s role as a clinical practice moni-
toring tool, a biomarker correlation was lacking. Our
data demonstrated an excellent correlation between
SMARIA and FC for ileal, colonic and ileocolonic CD.

Lastly, we explored sSsMARIA’s interrater reliability
between an experienced abdominal radiologist and a
radiology resident in her last year of training. The orig-
inal authors pointed out that SMARIA could require
much training, and that this could limit the score’s
availability.® Thereupon, the same authors partly
addressed this, showing a moderate to excellent agree-
ment between a less-experienced radiologist and an

expert.” Further ahead, we demonstrated a moderately
good to perfect, per variable and per segment,
interrater agreement between an experienced radiolo-
gist and a resident. The agreement was lower in distal
colonic segments, probably due to suboptimal disten-
sion compared with the more proximal segments,
as previously reported.>* This may also explain
sMARIA’s lower diagnostic accuracy in the rectum.

Some limitations should be noted in this study. Its
design did not allow the control of assessment time-
points, and this may limit the examination’s association
precision. To overcome this and prevent significant
information bias, the interval between paired MRe
and endoscopy and paired MRe and FC was consid-
ered only if within 2 weeks, as previously reported,*
and patients with therapeutic interventions during this
timeframe were excluded. Ideally, two senior radiolog-
ists’ readings should have been included for diagnostic
accuracy analysis. Finally, radiologists were not
blinded to gadolinium-enhanced sequences, as this
was a retrospective study and its use is currently rec-
ommended in guidelines.'

However, our study has a few strengths that should
be highlighted. It encompasses a robust investigation,
comprising more than 400 intestinal segments evaluat-
ed by MRe and ileocolonoscopy. It represents an inde-
pendent sample and author contribution, as required
for an unbiased external validation.?>?® In addition, to
the authors’ knowledge, this is the first study validating
SMARIA using everyday tools such as a simple endo-
scopic index and a biomarker. Also, we further ana-
lysed the score’s reliability, evaluating interrater
agreement between an expert radiologist and a resi-
dent. Finally, unlike the original authors,*’ luminal
colonic contrast administration by a rectal catheter
was not performed. As seldom reported,>*”* this
study shows an accurate colonic assessment may be
performed using only oral luminal contrast.

In conclusion, our study demonstrated sSMARIA to
accurately predict CD activity using SES-CD as a ref-
erence and to correlate with a simple endoscopic index
and a biomarker. Moreover, the interrater reliability
between a radiology resident and an expert was excel-
lent, supporting SMARIA as a suitable clinical practice
instrument.
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