
Introduction
Crohn’s disease (CD) is a chronic relapsing inflammatory disor-
der characterized by discontinuous and transmural inflamma-
tion. It can affect any part of the intestine, with small bowel
(SB) involved in at least 40% of children, even if this prevalence
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ABSTRACT

Background and study aims Two scores have been im-

plemented to standardize capsule endoscopic (CE) findings

in patients with Crohn’s disease (CD): Lewis score (LS) and

Capsule Endoscopy Crohnʼs Disease Activity Index (CEC-

DAI). Both have limitations and are not well validated in

the pediatric population. The aim of our study was to assess

a new score (capsule endoscopy – Crohn’s disease index,

CE-CD) in pediatric patients with CD and to compare it to

preexisting scores.

Patients and methods This was a double-center, retro-

spective study involving pediatric subjects with CD who un-

derwent CE. Correlation analyses between CE-CD, endos-

copy scores and noninvasive markers of disease activities

were performed. The ability of different CE scores to pre-

dict clinical and endoscopic outcomes was evaluated with

regression and survival analyses.

Results A total of 312 subjects were analyzed. The CE-CD

score showed a moderate (Pearson’s r = 0.581, P <0.001)

and strong (r = 0.909, P <0.001) association with LS and

CECDAI, respectively. CE-CD was a statistically significant

predictor of hospitalization (hazard ratio [HR]1.061), treat-

ment escalation (HR 1.062), steroid therapy (HR 1.082),

clinical (HR 1.064) and endoscopic (HR 1.060) relapse over

the twenty-four months (P <0.001). Subjects with mucosal

inflammation according to CE-CD (CE-CD ≥9) had worse

outcomes compared to patients without inflammation

(CE-CD <9) (Log rang test < 0.001).

Conclusions The CE-CD score is a simple, reliable, repro-

ducible, and predictive score for evaluation of small bowel

inflammation in pediatric patients with CD. Prospective va-

lidation is needed to confirm the applicability of this new in-

dex in clinical practice.
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may be remarkably underestimated [1]. Capsule endoscopy
(CE) is a useful, noninvasive tool for the study of SB in patients
with CD, both at diagnosis and follow-up, with high sensitivity
and negative predictive value [2, 3]. CE assesses mucosal le-
sions with higher sensitivity compared to magnetic resonance
enterography, which better evaluates transmural and perien-
teric inflammation [4, 5]. Despite the high sensitivity, one of
the issues with CE examination has been the lower specificity
[2, 4].

Several endoscopic scoring systems have been implemented
to standardize assessment of endoscopic findings. Two main
scores have been developed for CD: the Lewis score (LS) and
CE Crohn’s Disease Activity Index (CECDAI) [6, 7]. Both indices
have been used in small pediatric series, but remarkable discre-
pancies between the two were reported, with CECDAI better re-
flecting intestinal inflammation than LS [8]. LS is currently the
most widespread and known CE score with well-defined cutoff
values for disease activity. The LS total value is largely driven by
stenosis and also includes villous edema, which is not consid-
ered a major feature of CD and it leads to risk of errors in assess-
ment of mucosal healing (MH).

MH has become the foremost therapeutic goal of CD as its
achievement had been associated with better long-term out-
comes, such as surgery and hospitalization reduction. Unfortu-
nately, MH has yet to be precisely defined [9–11] because the
ideal situation with a complete lack of lesions may be almost
unachievable over a sustained period.

Finally, many endoscopists are not familiar with the current
available CE scores, because they mostly use scoring for stand-
ard colonoscopy, which favors different items in assessing in-
flammation [12]. This difference usually makes objective evalu-
ation of CE lesions by using available scores more difficult.

Considering all these factors, a novel CE score was devel-
oped: the Capsule Endoscopy – Crohn’s Disease (CE-CD) index.
CE-CD was devised adapting the Simple Endoscopic Score for
Crohn’s Disease (SES-CD), a well validated and accepted score
for ileocolonoscopic findings [13]. Similar to SES-CD, CE-CD
considers ulcers as elemental lesions of CD and takes into ac-
count the number of ulcers, size of the largest ulcer, percen-
tage of affected surface, and the presence of stenosis. The
question is whether the CE-CD, while aligned with the SES-CD,
can provide a more accurate measure of CD activity in the small
intestine than the existing endoscopy scores. Moreover, with
the advent of pan-intestinal endoscopy, this new score might
allow small intestinal and colonic evaluation at the same time,
as is the case with current ileocolonoscopy scores. The aim of
our study was to compare CE-CD to preexisting scores on SB le-
sions and to evaluate its reliability in the setting of pediatric pa-
tients with CD.

Patients and methods
The primary objective was to correlate the new CE-CD score (ei-
ther as a total or sub-score) with the LS and CECDAI in defining
disease activity in pediatric CD. Secondary objectives were to
correlate the CE-CD score with FC, PCDAI and laboratory
parameters and to compare it with the correlation of the LS

and CECDAI with same parameters; assess the reproducibility
of each score by calculating the inter-observer agreement; de-
termine disease activity thresholds for CE-CD by comparison
with LS; and evaluate the ability of the CE-CD score in predict-
ing disease outcomes over 24 months (i. e. hospitalization, clin-
ical and endoscopic relapse, treatment escalation, steroid ther-
apy, surgery).

Study characteristics and subjects

This was a two-center retrospective study. Participant centers
were the Pediatric Gastroenterology and Liver Unit at Sapienza
– University of Rome (Rome, Italy) and the Children's Center for
Digestive Health Care (Atlanta, Georgia). A search of the CE da-
tabase (October 2006 to November 2013) was performed to
identify consecutive pediatric subjects with CD who underwent
capsule endoscopy. Inclusion criteria were: age 6 to 18 years,
suspected or known CD of the small bowel diagnosed according
with clinical, laboratory, radiological, endoscopic, and histopa-
thological criteria. Exclusion criteria were patients with clinical
or imaging evidence of bowel stenosis or occlusion and non-
steroidal anti-inflammatory drug intake within 4 weeks prior
to capsule endoscopy. All cases were fully read by two investi-
gators with over 10 years’ experience in CE and were assessed
for disease activity at the time of their clinical care, according
to the pediatric Crohnʼs Disease Activity Index (PCDAI): clinical
remission was defined as PCDAI < 10, mild disease activity as
PCDAI 10–30, and moderate to severe disease activity as PCDAI
> 30 [14]. In addition, clinical information, including disease
duration, laboratory tests (hemoglobin, c-reactive protein
(CRP), serum albumin, fecal calprotectin (FCP), and concurrent
medications, were recorded (▶Table 1).

In all subjects, data about first hospitalization, surgery relat-
ed to CD, treatment escalation, steroidal therapy, clinical or
endoscopic relapse of CD were collected for twenty-four
months following the CE procedure.

Capsule endoscopy

CE was performed with the PillCam SB1/SB2/SB3 (Given Ima-
ging Ltd, Yoqneam, Israel) capsule endoscopes using the prede-
fined procedure’s protocol for each unit (fasting for 12 hours
prior to the procedure; and only at the Rome center, polyethy-
lene glycol 50mL/kg up to 2 L the day prior the exam and sime-
thicone 30 minutes before ingestion). Pediatric gastroenterolo-
gists (SO, SC) with extensive experience in IBD, CE interpreta-
tion, and LS calculation who were blinded to the clinical and la-
boratory information reviewed all the CE sequences for LS, CEC-
DAI, and CE-CD calculation. The sequence review was per-
formed using RAPID software (version 7 or 8). The CE video se-
quences were not de-identified.

Capsule endoscopic scores

Lewis score was calculated as previously reported [6]. The small
bowel (SB) was divided into tertiles according to transit time
and two parameters (villous edema, ulcers) were independent-
ly evaluated in each segment while a third parameter (stenosis)
was evaluated for the entire SB. LS corresponded to maximum
tertile score (resulting of edema+ulcers) plus score of stenosis.
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Conventionally, LS < 135 was considered suggestive of absent or
insignificant inflammation, ≥135 to <790: mild inflammation,
≥790: moderate to severe inflammation. LS calculation was
performed with the help of RAPID software (version 7 or 8).

CECDAI consists of three parameters: inflammation (A: 0–5),
extent of disease (B: 0–3) and strictures (C: 0–3) [15]. SB was

divided in two segments according to transit time and for each
segment a partial CECDAI was calculated as follow: A×B+C,
with definitive CECDAI resulting as the sum of the two partial
scores.

CECDAI score ranges from 0 to 36 but, unlike LS, it does not
provide cutoff values even if higher CECDAI scores correspond
to higher mucosal inflammation.

For the new CE-CD score, the four endoscopic variables se-
lected were number of ulcers, size of ulcers, proportion of the
surface with any sign of inflammation, and stenosis. Each vari-
able was scored from 0 to 3 in each tertile: ulcers were scored
according to the number (none; 1–3; 4–10; >10), size (none;
aphthous, < 1/4 image size, > 1/4 image size); proportion of
affected surface according to the extent (unaffected segment,
≤10%, 11–50%, > 50%), and stenosis as none, single or multi-
ple, and whether the capsule could pass through the narrowed
lumen. Total CE-CD score ranges from 0 to 34. ▶Table 2 details
specific features and calculation of each CE score.

Fecal calprotectin measurements

A stool sample was obtained within 7 days before the CE proce-
dure. In both centers, FC was measured using CALPRO Calpro-
tectin ELISA (enzyme-linked monoclonal – polyclonal antibody
combination immunosorbent assay).

Statistical analysis

A Kolmogorov-Smirnov test was performed to check data distri-
bution. Data were presented as median and 25th to 75th per-
centile (P25–75). A Kruskal-Wallis test was used to compare
medians among three CE-CD severity groups. Differences be-
tween proportions were calculated with a chi-square test. The
relationship between continuous variables was analyzed
through Pearson’s linear correlation and a two-tailed probabil-
ity P <0.05 was considered to be statistically significant. Inter-
observer

agreement between investigators for each scoring system
was computed by using Cohen’s k. Receiver operating charac-
teristic (ROC) curves and area under the curves (AUCs) were
generated for fecal calprotectin and PCDAI to study accuracy
in diagnosing endoscopic inflammation and sensitivity, specifi-
city, and positive and negative predictive values and diagnostic
accuracy were calculated.

Cox proportional hazard regression analyses were per-
formed between different CE scores (independent variables)
and outcomes (dependent variables) over for a follow-up peri-
od of twenty-four months. The equation generated by linear re-
gression among LS and CE-CD score was used to identify CE-CD
values corresponding to LS cutoff values (LS:135 and LS: 790).

Survival analyses, using the log-rank test in the Kaplan-Maier
model, were performed to evaluate the differences in outcome
over time in CD subjects according to their CE-CD score. Statis-
tical analyses were performed with SPSS v.21.0 (IBM Corp., Ar-
monk, New York, United States).

▶Table 1 General characteristics of the population (n:312).

Sex (M/F) 133/179 (44.5%/55.5%)

Age (years) 13 (11–16)

Disease duration (months) 12 (6–18)

PCDAI 12.5 (5–22.5)

PCDAI < 10 (number) 132 (42.3%)

PCDAI 10–30 (number) 155 (49.7%)

PCDAI > 30 (number) 25 (8%)

Hemoglobin (g/dL) 12 (11.1–12.5)

Serum albumin (g/dL) 3.9 (3.4–4.2)

C-reactive protein (mg/L) 5 (2–9)

Fecal calprotectin (μg/g) 250 (100–750)

Lewis score 600 (0–1350)

CECDAI 9 (0–15)

CE-CD score 14 (0–24)

Location (number) Before CE After CE

▪ L1 55 (17.6%) 25 (8%)

▪ L1 + L4b  0 (0%) 29 (9.3%)

▪ L2 39 (12.5%) 23 (7.3%)

▪ L2 + L4b  8 (2.6%) 23 (7.3%)

▪ L3 80 (25.6%) 37 (12%)

▪ L3 + L4b 45 (14.4%) 77 (24.7%)

▪ L4b 62 (19.9%) 98 (31.4%)

▪ Unknown 23 (7.5%)  0 (0%)

Therapy (single or in combination)
(number)

N

▪ 5-aminosalicylic  20

▪ Methothrexate  27

▪ Azatiophrine 100

▪ Steroid  33

▪ Anti-TNF α (infliximab or
adalimumab)

 99

▪ Enteral nutrition  27

▪ None  23

Data are expressed as number (percentage) or median (P25–75).
Location was assessed according to Paris classification.
PCDAI, Pediatric Crohn’s Disease Activity Index; CECDAI, Capsule Endoscopy
Crohnʼs Disease Activity Index; CE-CD, capsule endoscopic Crohn’s disease.
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Ethics

This study was carried out in accordance with the World Medi-
cal Association Declaration of Helsinki. After review by the local
ethics committee of each participating center (ref. 4340, serial
number 520/17, date of approval: January 16, 2017), further
specific ethical review and approval were not required, as the
study was considered a retrospective audit work using data ob-
tained as part of regular patient care.

Results
The database searches identified 312 patients (133 males) who
had a CE performed for CD in the two centers in the aforemen-
tioned period (▶Fig. 1, ▶Table 1). Of them, 252 had a com-
plete assessment including laboratory and FCP results. The me-
dian age of the subjects was 13 years (11–16) with a median
disease duration of 12 months (6–18). Eighty CEs were per-
formed with PillCam SB1, 212 with SB2, and 20 with SB3. Two
hundred and ninety-six (n =296; 95%) SBCEs were complete to
the cecum; only 17 capsules were delivered endoscopically in
the duodenum. Despite using different preparation regimens,
no significant difference was observed for bowel cleansing be-
tween the two participant sites. Median PCDAI and FC were
12.5 (5–22.5) and 250μg/g (100–750), respectively.

According to LS, 88 subjects (28.2%) presented with mild in-
flammatory activity (LS: 135–790), 132 (42.3%) with moderate
to severe inflammation (LS:≥790), while 92 subjects (29.5%)
had a normal examination or insignificant inflammation (LS:
< 135).

Comparison of CE scores

In the entire population, median CE-CD, LS, and CECDAI were:
14 (0–24), 600 (0–1350), and 9 (0–15), respectively. In sub-
jects with isolated SB involvement, CE-CD, LS and CECDAI were
13 (5–24), 675 (135–1350), and nine (3–15).

In correlation analysis, CE-CD score showed a moderate
association with LS (Pearson’s r =0.581, P<0.001) and a strong
association with CECDAI (r = 0.909, P<0.001). LS and CECDAI
displayed a significant positive association between them
(r =0.724, P <0.001). ▶Fig. 2 shows correlations of different
scores in each SB tertile.

In subjects with isolated SB involvement: CE-CD score
showed a moderate association with LS (Pearson’s r = 0.610,
P<0.001) and a strong association with cumulative-LS (r =
0.809, P<0.001) CECDAI (r = 0.906, P<0.001). LS and CECDAI
were significantly positively associated (r =0.772, P <0.001).

All three scores showed similar correlation with PCDAI. CEC-
DAI revealed the highest correlation with FC (r = 0.642, P<
0.001) while CE-CD had stronger correlations with CRP (r =
0.685, P<0.001), albumin (r =–0.702, P<0.001), and hemoglo-
bin (r =–0.751, P<0.001) compared to other scores. Similar re-
sults were found in subjects with isolated SB involvement (Sup-
plementary Table 1).

The interobserver agreement between two investigators
was moderate for Lewis score (0.59, CI: 0.43–0.78) and CECDAI

(0.56, CI: 0.39–0.71), and substantial for CE-CD (0.74, CI: 0.51–
0.87) (P<0.05).

Disease activity categories

Linear regression between LS and CE-CD identified nine and 13
as CE-CD values corresponding to conventional LS cutoff scores
of 135 and 790. The same cut-off scores were identified in pa-
tients with SB involvement.

Subjects with moderate to severe inflammation (CE-CD ≥13)
showed higher values of fecal calprotectin (median value:
550 μg/g; 250–1200, P<0.001) compared to those with mild
(CE-CD 9–13) (150 μg/g: 100–200) or no relevant inflamma-
tion (CE-CD <9) (90μg/g; 50–150). Similarly, a progressive in-
crease in CRP was observed among the three groups (▶Fig. 3).

In the subgroup of children with SB disease, Subjects with
moderate to severe inflammation (CE-CD ≥13) showed higher
values for fecal calprotectin (median value:750 μg/g; 300–
1350, P<0.001) compared to those with mild (CE-CD 9–13)
(200μg/g: 137–237) or no relevant inflammation (CE-CD <9)
(90μg/g; 50–100).

Analysis of subjects’ proportion distribution according to
PCDAI and CE-CD revealed that 23 of 25 patients (92%) with
PCDAI > 30 had a concurrent CE-CD ≥13. On the other hand,
35 of 132 (26.5%) with a PCDAI < 10 had severe inflammatory
activity (▶Table 3, Supplementary Fig. 1).

Similarly, in subjects with SB involvement, 16 of 16 subjects
(100%) with PCDAI > 30 had a concurrent CE-CD≥13; 21 of 73
(28.8%) with a PCDAI < 10 had severe inflammatory activity.

252 patients with full 
clinical and laboratory 
information available

Atlanta Center
149 CE procedures 

performed, between 
October 2006 and Novem-
ber 2013, in patients, aged 

6–18 years, with CD

312 CE procedures in 
patients with CD

92 patients 
with normal 

examination or 
non-significant 
inflammation 

(LS <135) 

88 patients 
with mild 

inflammatory 
activity 

(LS 135–790) 

132 patients 
with moderate 

to severe 
inflammatory 

activity 
(LS ≥790) 

Rome Center
163 CE procedures 

performed, between 
October 2006 and Novem-
ber 2013, in patients, aged 

6–18 years, with CD

▶ Fig. 1 Flowchart of enrolled patients.
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CE-CD and outcomes by total score

In the 24 months following the CE procedure, 42 subjects
(13.5%) underwent surgery related to CD, 233 (74.7%) had one
or more admissions to the hospital; 73 patients (23.4%) needed
to escalate treatment, and 275 (88.1%) received steroid medi-
cations. Finally, 296 (94.9%) and 277 subjects (88.8%) experi-
enced a clinical and/or endoscopic relapse of CD. Mean clinical
and endoscopic relapse times were 10±6.23 and 11.9 ±5.85
months, respectively.

In regression analyses, CE-CD was a statistically significant
predictor of hospitalization (hazard ratio [HR] = 1.061, P<
0.001), treatment escalation (HR=1.062, P<0.001), steroid
therapy (HR=1.082, P=0.001), clinical (HR=1.064, P<0.001),
and endoscopic (HR=1.060, P<0.001) relapse. LS and CECDAI

produced similar results for the same outcomes while only LS
was able to predict surgery risk (HR 1.001, P=0.027) (▶Table
4).

Similarly, in subjects with isolated SB involvement, CE-CD
was able to predict the risk of hospitalization (HR=1.061, P<
0.001), treatment escalation (HR=1.064, P<0.001), steroid
therapy (HR=1.088, P=0.001), and clinical (HR=1.066, P<
0.001) and endoscopic (HR=1.058, P<0.001) relapse.

In subjects with isolated colonic disease, CE-CD was a signif-
icant predictor of treatment escalation (HR=1.095, P<0.001),
steroid therapy (1.068 P=0.026), and clinical relapse (HR=
1.068, P <0.026), but not of hospitalization or endoscopic re-
lapse.
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▶ Fig. 2 Correlations between CE-CD score, Lewis score, and CECDAI in different small bowel sections.
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CE-CD outcomes by disease severity categories

Survival analyses of outcomes according to the presence (CE-
CD≥9) or absence (CE-CD<9) of mucosal inflammation are
shown in ▶Fig. 4. Subjects with active inflammation had a high-
er cumulative probability of hospitalization, treatment escala-
tion, steroid therapy, and clinical or endoscopic relapse (Log
rank test < 0.001). Also, in the subgroup of children in clinical
remission (PCDAI < 10), the presence of mucosal inflammation

(CE-CD≥9) was statistically associated with worse outcomes
(Log rank test < 0.001). As a consequence, subjects in clinical
remission with mucosal inflammation tended to develop early
clinical or endoscopic relapses compared to subjects without
mucosal inflammation (Supplementary Table2).

Survival analyses were not performed for the surgical out-
come as only one of 42 subjects who underwent surgery had a
CE-CD<9.
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▶ Fig. 3 Comparisons of clinical and laboratory markers of small bowel inflammation among different CE-CD groups.

▶Table 3 Population comparison according to CE-CD categories.

CE-CD: <9

n=112 (35.9%)

CE-CD: 9–13

n=27 (8.7%)

CE-CD:≥13

n=173 (55.4%)

P value

CE-CD  0 (0–3)   9 (9–10)  22 (18–27) < 0.001

PCDAI  5 (2.5–12.5)   5 (0–5)  17.5 (12–25) < 0.001

FCP (μg/g) 90 (50–150) 150 (100–200) 550 (250–1200) < 0.001

Hemoglobin (g/dL) 12.9 (12.5–13.5)  12.1 (11.9–12.4)  11.3 (10.8–12) < 0.001

Serum albumin (g/dL)  4.3 (4.1–4.4)   4 (3.9–4.3)   3.7 (3.3–3.9) < 0.001

C-reactive protein (mg/L)  1 (1–2)   2 (1–3)   8 (4–12) < 0.001

PCDAI < 10 (n: 132) 79 (59.9%)  18 (13.6%)  35 (26.5%) < 0.001

PCDAI 10–30 (n: 155) 31 (20%)   9 (5.8 %) 115 (74.2%)

PCDAI > 30 (n: 25)  2 (8%)   0 (0%)  23 (92%)

Data are expressed as median (P25–75) or number (percentages).
CE-CD, capsule endoscopic-Crohn’s Disease; PCDAI, Pediatric Crohn’s Disease Activity Index.
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Accuracy of FC and PCDAI with CE-CD≥9

ROC analysis revealed AUCs of 0.912 and 0.779 for the accuracy
of FC and PCDAI to identify the presence of SB inflammation
(CE-CD≥9) (Supplementary Fig. 2). FC≥110μg/g had a sensi-
tivity of 89.0% and a specificity of 69.6% while PCDAI ≥15 had
a sensitivity of 60.5% and a specificity of 91.9%.

Lower thresholds for both markers were associated with an
increase in sensitivity (up to 97.7% for FC and 73.5 for PCDAI)
with a concomitant reduction in specificity (Supplementary
Table3).

In subjects with SB disease, ROC analysis showed similar
AUCs for accuracy of FC (0.945) and PCDAI (0.798) in identifica-
tion of presence of SB inflammation. In this cohort, FC≥115μg/g
had a sensitivity of 91.7% and a specificity of 77.5% while PCDAI
≥7.5 had a sensitivity of 69% and a specificity of 75%.

Discussion
This study aimed to evaluate the applicability, effectiveness,
and reproducibility of a novel capsule endoscopy score (CE-
CD) and to compare it to the preexisting scores by retrospec-
tively assessing three scores in a cohort of 312 pediatric pa-
tients with CD from two different centers (Italy, United States).

CE-CD showed very strong concordance with CECDAI
(r =0.909) but only moderate with LS (r = 0.508). There are two
possible explanations of this difference. The first is that CE-CD
and CECDAI are both cumulative scores, while LS considers only
the worst affected segment. Indeed, by comparing each LS ter-
tile with the corresponding CE-CD tertile, the correlation con-
siderably increased (▶Fig. 2). The second possible explanation
is that, if present, strictures account for a large portion of the
LS final score, whereas CE-CD and CECDAI final scores are less
affected by this single parameter.

CE-CD, CECDAI, and LS showed a moderate correlation with
noninvasive, surrogate markers of SB inflammation (CRP, albu-
min and fecal calprotectin), although CE-CD was more closely
associated with CRP and albumin (r = 0.685, r =–0.702) and
CECDAI with fecal calprotectin (r =0.642). Our data are analo-
gous to those previously reported demonstrating only moder-
ate correlations between laboratory markers of disease activity
and SB findings at CE in IBD patients [16–18].

In our study, we observed a progressive increase in median
FC in the three severity groups according to novel CE-CD cutoff
values. Moreover, we confirmed that FC is a valid surrogate
marker of SB inflammation (CE-CD≥9), with a sensitivity of
89% and a specificity of 69.6% for FC≥110μg/g (AUC: 0.912).
A meta-analysis conducted in 2018 concluded that FC has an
overall sensitivity and specificity of 82.4% and 72.1%, respec-
tively, in CD [19]. Monteiro et al. investigated FC’s accuracy for
identifying SB inflammation according to Lewis score (LS≥135)
and found a sensitivity of 78.6% and a specificity of 87.9% for
FC≥100μg/g [20].

We found a good correlation between PCDAI and CE-CD (r =
0.624), LS (r =0.633) and CECDAI (r = 0.651). PCDAI appears to
be a moderately accurate classifier of SB inflammation (CE-
CD≥9; AUC=0.779) with a high specificity (90.1% for PCDAI
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≥ 15) and low sensitivity (60.5%). In keeping with this, we ob-
served that 35 of 132 subjects (26.5%) in clinical remission
(PCDAI < 10) had surprisingly severe endoscopic patterns (CE-
CD >13), suggesting that CE-CD might be a useful preclinical
predictor of CD exacerbations rather than overestimating dis-
ease severity. Indeed, it has been reported that SB inflamma-

tion is considerably underestimated, especially in patients in
clinical remission [21–23].

To support this observation, we found that CE-CD was able
to predict CD outcomes during follow-up and increases of one
unit in CE-CD were mirrored by gains in risk of 6.2%, 6.4%, and
6%, in treatment escalation, clinical and endoscopic relapse,
respectively (▶Table 4). Moreover, survival analysis revealed
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▶ Fig. 4 Survival analyses of outcomes according to the presence (CE-CD≥9) or absence (CE-CD<9) of mucosal inflammation.
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that subjects in clinical remission (PCDAI < 10) with mucosal in-
flammation according to CE-CD tended to develop the worst
outcomes over the years, compared to those with normal mu-
cosa.

A meta-analysis by Niv et al. highlighted that mucosal heal-
ing assessed by CE was significantly associated with improve-
ments in outcome during different follow-up periods (12 weeks
to 24 months) [24]. A recent study retrospectively evaluated
125 adults with CD who underwent SBCE and demonstrated
that LS at a cutoff value of 264 could predict risk of CD-related
emergency hospitalization within 1 year after CE [25]. Further-
more, subjects with LS <264 had higher clinical relapse-free and
hospitalization-free rates. The same observation was recently
reported in another adult study with a LS value <350. This con-
firms the idea that quantifying SB inflammation helps provide
useful information about the disease course [26]. In our cohort,
CE-CD≥9 was associated with development of the worst out-
comes, compared to absent or insignificant inflammation (CE-
CD<9) over 24 months.

CE-CD, therefore, is a valid score for evaluation of children
with CD with an overall accuracy similar to CECDAI and LS. In
our opinion, the main advantage of novel CE-CD compared to
other scores are the ease of calculating it, which requires no
software analysis. This was confirmed by the better interobser-
ver agreement we found in comparison to LS and CECDAI. The
CE-CD with a cumulative nature, reflecting inflammation of the
entire small bowel, and the similarity with the SES-CD, permits
a consistent and unified understanding of the small and large
intestine. This capacity may be further enhanced and clinically
appealing, if the CE-CD is validated in the colon using pan-en-
teric capsule endoscopy, allowing for a single, noninvasive pro-
cedure. Another useful characteristic of CE-CD is that ulcers are
the main mucosal CE findings in CD. This is a major difference
with LS and CECDAI that also takes into account edema and er-
ythema, two parameters that are difficult to assess quantita-
tively and which have limited specificity in evaluation of CD in-
flammation [27].

This study had several limitations. It was retrospective and
confined to pediatric subjects with CD selected from two cen-
ters very experienced with IBD and CE. Therefore, future pro-
spective studies are needed to validate the score and refine cut-
off values for less experienced investigators. CE-CD cutoff val-
ues were indirectly determined by the LS values even though
CE-CD better correlated with CECDAI. However, LS is the only
formally validated score for disease activity cut-offs.

Inherent in the performance of this analysis on a cohort with
known CD is that those undergoing the procedure are essen-
tially doing so because of an exacerbation of symptoms that re-
quires evaluation. This undoubtedly led to the high incidence of
relapse that was seen as these patients were followed.

Another limitation is that our population included subjects
with colonic involvement (L2 and L3 sec. Paris classification),
which may have affected the overall values of surrogate mar-
kers of inflammation. In the future, it would be interesting to
evaluate the same score on both SB and colon by using new
pan-enteric capsule models.

Conclusions
In conclusion, we developed and assessed a novel capsule
endoscopy score (CE-CD), which has proven to be simple, reli-
able, and reproducible for evaluation of SB inflammation in pe-
diatric patients with CD. This score also seems to predict dis-
ease outcomes over time. Further studies are needed before
use of this novel instrument can be implemented in clinical
practice, including prospective validation in adults and likely
on pan-enteric capsule endoscopy.
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