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Introduction
!

Crohn’s disease (CD) is a chronic inflammatory
disorder that can affect all or part of the gastroin-
testinal tract, with heterogeneous manifestations
and adverse events. The exact prevalence of
small-bowel (SB) involvement in CD has not been
well determined, however, according to Western
population-based epidemiologic studies, SB in-
volvement is believed to affect as many as 50% to
80% of patients [1–3]. The ability to accurately as-
sess the SB is crucial for determining optimal pa-
tient management. Until a few years ago, a fluoro-
scopic examination that included SB follow-
through (SBFT) was the suggested technique for
SB evaluation [4]. In the past 2 decades, advances
in cross-sectional image and capsule endoscopy
(CE) have led towidespread use of these noninva-
sive and well-tolerated approaches [4–6]. One of

the indications for CE is the detection of proximal
involvement of SB in CD patients. The role of CE in
patients with known CD has been studied in sev-
eral trials, which have shown superiority of this
test over all other modalities in evaluation of dis-
ease activity, severity, and extent of disease, parti-
cularly for mild lesions and those located in the
proximal SB [7–10]. However, endoscopic find-
ings are nonspecific and must be carefully inter-
preted within the proper clinical context [11].
Lewis Score (LS) [12] is a cumulative scoring sys-
tem based on the characteristics and distribution
of villous edema, ulceration and stenosis which
has been integrated into the latest software from
the PillCam® (Given®, RAPID Reader®). It was de-
veloped with the purpose of increasing the objec-
tivity and maximizing inter-observer agreement,
when assessing SBCE inflammatory activity. It
uses a standard terminology for the description
of endoscopic lesions, the CE structured terminol-
ogy (CEST) [13,14], and grades the inflammatory
activity through a rank of severity, with the pre-* These authors contributed equally.
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Background and study aims: One of the indica-
tions for capsule endoscopy (CE) is the detection
of proximal small bowel (SB) involvement in
Crohn's disease (CD) patients. Our aim was to as-
sess clinical, laboratory and endoscopic predic-
tors associated with proximal SB involvement in
CD patients submitted to CE.
Patients and methods: Retrospective multicenter
study in which Lewis score (LS) was systematical-
ly determined in 190CE of patients diagnosed
with CD between 2003 and 2014.
Results: Significant inflammatory activity (LS>
135) was present in 23% of the patients in the first
tertile and in 31% of the patients in the second
tertile. Albumin, haemoglobin, and total proteins
were significantly lower in patients with a LS>
790 compared to patients with a LS<135, while
white blood cell counts and C-reactive protein
were significantly higher. In the univariable anal-

ysis, a higher risk for proximal SB involvement at
CE was associated with ileal involvement at
ileocolonoscopy (OR 2.858, P=0.006), higher pla-
telets levels (OR 1.005, P=0.004) and significant
weight loss (OR 2.450, P=0.006). In logistic re-
gression, ileal involvement at ileocolonoscopy
(OR 6.817, P=0.003), stricturing behavior (OR
8.653, P=0.011) and significant weight loss (OR
3.629, P=0.028) were independently associated
with proximal SB involvement at CE. Considering
the ROC curve of this model, a cut-off >0.249 pre-
dicts proximal SB involvement with 90% sensitiv-
ity and 40% specificity (AUROC 0.732).
Conclusions: One-third of patients had proximal
SB involvement. Predictive factors were signifi-
cant weight loss, stricturing behaviour, and ileal
involvement at ileocolonoscopy. These data help
to select CD patients that benefit the most from
performing a CE.
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mise that the final numerical score reflects the physician’s global
assessment of disease.With this scoring system, the SB is evaluat-
ed according to the division into equal thirds (tertiles) based on
the transit time of the capsule. The LS classifies SB inflammatory
activity into three grades of severity of inflammation: 1) normal
or clinically insignificant mucosal inflammatory change (score <
135); 2) mild disease (score ≥135<790); and 3) moderate-to-se-
vere disease (score ≥790).
There remains considerable uncertainty regarding when to as-
sess disease activity among patients with known CD, as well as
it isn’t clear how often proximal SB lesions (first and second ter-
tiles) are found. The aim of the current work was to determine
frequency and assess clinical, laboratory and endoscopic predic-
tors of proximal SB involvement in patients with established CD
submitted to CE.

Patients and methods
!

Retrospective and multicenter study based on the records of 190
consecutive patients with known CD subjected to SBCE between
2003 and 2014.Patients were excluded if CE was performed as a
part of the initial diagnosis of CD. All patients with CD performed
patency capsule prior to CE in order to avoid capsule retention.
The diagnosis of CD was made by using widely validated clinical,
endoscopic, and histologic criteria [15]. Disease phenotype was
determined according to the Montreal classification, based on
age at onset, location, and behavior, with perianal and upper gas-
trointestinal disease as additional modifiers. B1 corresponds to a
non-stenosing non-penetrating disease, B2 to a stenosing beha-
viour, and B3 to a penetrating one. B2 phenotype according to
Montreal classification should be defined by the presence of ste-
nosis and clinical symptoms (abdominal pain). Cross-sectional
imaging studies were performed in 86 patients prior to CE evalu-
ation (computed tomography enterography [CTE]–45 patients;
magnetic resonance enterography [MRE] – 15 patients; SBFT –

46 patients). All patients had previous ileocolonoscopy and upper
endoscopy. Indication for CE was presence of recurrent abdomi-
nal pain, diarrhea, significant weight loss, fever, and/or labora-
tory findings (anemia, thrombocytosis, hypoalbuminemia, in-
creased inflammatory markers) not explained by findings on up-
per endoscopy and ileocolonoscopy and/or not resolved by an ap-
propriate pharmacological treatment [16]. Significant weight loss
was defined as greater than 5% of the original weight.
Gender, age, age at onset, disease location, disease behavior, peri-
anal disease, presence of extra-intestinal manifestations, smok-
ing habits, symptoms and laboratory workup at the date of CE
and endoscopic findings closest to the date of CEwere thoroughly
investigated by reviewing medical records.
To optimize the visualization of the jejunum and ileum with the
CE, after an overnight fast, patients ingested 1L of PEG 4000 oral
solution before capsule ingestion. The endoscopic capsules used
were the PillCam SB2 and SB3 (Given Imaging, Yokneam, Israel).
PillCam SB2 is a fixed frame rate second-generation capsule (2
frames per second over 8h), while PillCam SB3 is a third-genera-
tion capsule with enhanced imaging capabilities with adaptive
frame rate. RAPID Reader® was used to review CE images. All cap-
sule registrations previous to RAPID reader availability have been
re-read using the new RAPID reader software to calculate the Le-
wis score. The presence of SB mucosal inflammation on CE was
systematically quantified using LS, using the automatic calculator
included in the RAPID® software. Normal or clinically insignifi-

cant mucosal inflammatory change was defined as LS <135,
mild inflammation as 135<LS<790 and moderate-to-severe dis-
ease as LS≥790 [12]. In the appropriate clinical setting, the detec-
tion of at least 2 ulcers or 1 stricture were considered specific of
small bowel involvement by CD. Capsule readers were blinded to
endoscopy and CTE/MRE reports.

Statistics
Categorical variables were described through absolute and rela-
tive frequencies and continuous variables were described as
mean and standard deviation, median, percentiles, minimum
and maximum. Hypotheses were tested about the distribution
of continuous variables with non-normal distribution, by using
the nonparametric Mann-Whitney and Kruskal-Wallis test, de-
pending on the nature of the hypothesis. Pearson Chi-square
and Fisher's exact test were used to test hypotheses about inde-
pendence of categorical variables, as appropriate.
To identify factors predictive of proximal SB involvement at CE,
simple and multivariable analysis was performed using logistic
regression. To identify independent predictors of proximal SB in-
volvement at CE, all significant variables evaluated in the univari-
able analysis (ileal lesions at ileocolonoscopy, significant weight
loss, platelets) as well as variables previously associated with a
poorer prognosis (age at diagnosis, disease location, disease be-
haviour) were integrated into a multivariable logistic regression
using a stepwise method. The results are shown as odds ratio
(OR) with 95% confidence intervals (CI). With the values obtain-
ed, a logistic function was applied to define a predictive model to
our outcome. All the reported P values were two-sided, and P val-
ues <0.05 were considered statistically significant. All data were
arranged, processed and analyzed with SPSS ® v.20.0 data (Statis-
tical Package for Social Sciences).

Results
!

Population
Baseline demographic characteristics of all 190 patients (108 fe-
males (57%)) with CD are shown in●" Table1. At diagnosis, most
of the patients (n=139, 75%) were between 17 and 40 years old,
43% (n=81) had exclusively ileal involvement (L1) and 75% (n=
140) had non-stenosing non-penetrating behavior (B1). Only 16
patients (9%) had gastroduodenal involvement (●" Table1).
Twenty percent of the patients had perianal disease. Seventy-
two percent of the patients (n=116) had recurrent abdominal
pain, 65% (n=114) had diarrhea, 44% (n=75) had significant
weight loss, 11% (n=19) had rectal bleeding, and 21% (n=25)
had extra-intestinal manifestations. Twenty-nine patients (20%)
were currently smokers and 12 (8%) were former smokers.
After performance of CE, 43% of the patients (n=81) started cor-
ticosteroids, 17% (n=33) started azathioprine, 11% (n=21) start-
ed biologic therapy and 6% (n=12) were submitted to surgery.

Capsule endoscopy
!

At the time of CE performance, median hemoglobinwas 13.5g/dL
(6.9–17.2), median iron was 65 μg/dL (0–231), median ferritin
was 23.5ng/mL (0–1727), median white blood cell (WBC) counts
were 7.5×109 (2.3–23), median platelets were 251×109 (72–
849), median total proteins were 71.6g/dL (47–84.5), median al-
bumin was 42.0g/dL (22–53.0), median erythrocyte sedimenta-
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tion rate was 11mm/h (1–89) and median C-reactive protein
(CRP) was 3.8mg/L (0.2–209.0).
The mean LS in the first tertile was 146 (±363), in the second ter-
tile was 216 (±513) and in the third tertile was 797 (±1042). Sig-
nificant inflammatory activity (LS>135) was present in 23% of
the patients (n=45) in the first tertile, in 31% of the patients (n=
57) in the second tertile, and in 36% of the patients (n=68) in the
first and/or second tertile (●" Table2). Of the 68 patients with LS>
135 in the first and/or second tertile, 45 had ileal involvement at
ileocolonoscopy (32 of 45 in the first tertile and 39 of 57 in the
second tertile).
There was no correlation between colonic location activity and
LS, in neither of the tertiles.
LSwashigher inpatientswith lowerhemoglobin levels (P=0.006),
higherWBC counts (P=0.032), higher CRPn (P<0.001), lower total
protein levels (P=0.006) and lower albumin levels (P<0.001)
(●" Table3).

Clinical factors associated with proximal small-bowel
involvement (1st and 2nd tertile) at capsule endoscopy
in Crohn’s disease patients
In the univariable analysis, a higher risk for proximal SB involve-
ment at CE was associated with ileal involvement at ileocolono-
scopy (OR 2.858, 95% CI [1.346–6.068], P=0.006), higher plate-
lets levels (OR 1.005, 95% CI [1.002–1.009], P=0.004) and signif-
icant weight loss (OR 2.450, 95% CI [1.293–4.642], P=0.006)
(●" Table4). An older age at diagnosis (>40 years) was associated
with a trend toward protection for inflammatory activity at CE
(OR 0.3, 95% CI [0.087–1.039], P=0.057), while lower albumin
levels were associated with a trend toward increased risk for in-
flammatory activity (OR 0.976, 95% CI [0.951–1.001], P=0.065).
In the multivariable logistic regression, ileal involvement at ileo-
colonoscopy (OR 6.817, 95% CI [1.895–24.525], P=0.003), stric-
turing behavior (OR 8.653, 95% CI [1.629–45.972], P=0.011) and
significant weight loss (OR 3.629, 95% CI [1.138–9.391], P=
0.028) were independently associated with proximal SB involve-
ment at CE (AUROC 0.732; 95% CI [0.648–0.817]) (●" Fig.1).
With the aim of simplifying the application of these results on a
daily basis so a likelihood of proximal SB involvement could be
achieved, a model was created by applying the following logistic
function:

exp (–2.647+2.158×B2–0.069×B3+1.919× ileal involvement+1.185×weight loss)

1+exp (–2.647+2.158×B2–0.069×B3+1.919× ileal involvement+1.185×weight loss)

Table 1 Baseline characteristic of Crohn’s disease (CD) patients regarding
gender, Montreal classification and smoking habits.

Characteristics CD (n=190)

Female/male (n) 108/82

Montreal classification (n; %)

Age at diagnosis

A1 19 (10%)

A2 139 (75%)

A3 28 (15%)

Disease location

L1 81 (43%)

L2 17 (9%)

L3 73 (39%)

L1–4 10 (5%)

L2–4 1 (1%)

L3–4 5 (3%)

Behaviour

B1 140 (75%)

B2 28 (15%)

B3 19 (10%)

Perianal disease 24 (20%)

Smoking habits (n; %)

Non-smoker 104 (72%)

Ex-smoker 12 (8%)

Smoker 20 (20%)

Table 2 Absolute and relative frequencies for the 1st, 2nd and 3rd tertiles and
Lewis score.

Characteristics CD (n=190)

1st tertile score (n; %)

< 135 145 76%

135–790 29 15%

≥790 16 8%

2nd tertile score (n; %)

< 135 131 70%

135–790 37 20%

≥790 20 11%

3rd tertile score (n; %)

< 135 46 25%

135–790 79 42%

≥790 61 33%

Lewis score (n; %)

< 135 38 20%

135–790 81 43%

≥790 69 37%

Table 3 Comparisons between Lewis score and laboratory work-up at the date of capsule endoscopy (CE) (hemoglobin, leukocytes, total proteins, albumin, C-
reactive protein).

Lewis score P value*

<135 135–790 ≥790

Hemoglobin at CE (median; IQR25–75) 13.9 (13.2–15) 13.5 (12.9–14.8) 13.1 (11.8–14.3) 0.006

White blood cell counts at CE (median; IQR25–75) 6.9 (4.9–8.5) 7.2 (5.8–9.0) 8.2 (6.3–9.7) 0.032

Total proteins at CE (median; IQR25–75) 74.6 (71.1–77.2) 70.9 (61.2–75.8) 70.8 (63.9–73.1) 0.006

Albumin at CE (median; IQR25–75) 45 (42.6–47) 41.9 (34.8–44.0) 41 (37.7–43.0) < 0.001

C-reactive protein at CE (median; IQR25–75) 3.4 (1.0–6.1) 2.8 (1.2–6.3) 7.65 (3.1–16.9) < 0.001

* Kruskall-wallis test
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Assuming a sensitivity of 90% and a specificity of 40%, we consid-
er the cut-off of 0.249 as clinically relevant, with a positive pre-
dictive value (PPV) of 61%, a negative predictive value (NPV) of
76% and an accuracy of 70%, regarding likelihood of small bowel
involvement.

Discussion
!

Our purpose was to determine which clinical, laboratory and
endoscopic factors predict proximal SB involvement in CD pa-
tients submitted to CE. One of the indications of CE is the assess-
ment of disease activity and extent in patients with known CD.
However, most of previous studies are related to the use of CE in
suspected CD with previous negative ileocolonoscopy [16–20].
CE findings suggestive of CD involvement can be rather nonspe-
cific and include ulceration, erythema, mucosal oedema and
strictures. This presents a significant challenge to the interpret-
ing physician because minor mucosal breaks may occur in 10%
to 15% of normal individuals while mucosal erosions are present

in two-thirds of patients taking nonsteroidal anti-inflammatory
drugs [21]. This could explain the variability of the “diagnostic
yield” of CE. Also, it must be considered that the “diagnostic
yield” is different to either “sensitivity” or “specificity” [22]. Yield
of CE varies depending on the type of patient, being lower when
performed in patients with only abdominal pain compared with
patients with abdominal pain and diarrhea. LS, an inflammation
score that is incorporated in Given Imaging Software, is likely to
enhance our ability to assess established CD at CE [14].
The largest comparative study of multiple SB imaging modalities
involved a comparison of CE, CTE, and MRE performed after ileo-
colonoscopy. The results reported a significantly superior detec-
tion of CD in the proximal SB by CE compared with both CTE and
MRE. In suspected or newly diagnosed CD, MRE and CTE have
comparable sensitivities and specificities and, in patients without
endoscopic or clinical suspicion of stenosis, CEwould be the first-
line modality for detection of SB CD beyond the reach of the colo-
noscope. Overall, these comparative studies suggest that CE is
more sensitive than SBFT and may be more sensitive than cross-
sectional imaging. Several meta-analyses [9,10,23,24] showed

Table 4 Clinical factors associated with proximal small-bowel involvement at capsule endoscopy in Crohn’s disease patients.

Univariate analysis Multivariate analysis 1

OR2 95% CI P value + OR& 95% CI P value 3

Age at diagnosis (years-old)

≤17 Ref.

17–40 0.522 0.199–1.368 0.186

> 40 0.300 0.087–1.039 0.057

Disease location

L1 + L1L4 Ref.

L2 + L2L4 0.184 0.022–1.545 0.119

L3 + L3L4 1.416 0.668–3.004 0.364

Disease behavior

B1 Ref. Ref.

B2 1.560 0.688–3.539 0.287 8.653 1.629–45.972 0.011

B3 0.831 0.294–2.321 0.724 0.933 0.250–4.252 0.929

Ileal involvement at ileocolonoscopy

No Ref. Ref.

Yes 2.858 1.346–6.068 0.006 6.817 1.895–24.525 0.003

Hemoglobin 0.891 0.740 –1.073 0.224

C-reactive protein 1.020 0.997 –1.045 0.094

Platelets 1.005 1.002–1.009 0.004

Total proteins 0.990 0.974–1.007 0.258

Albumin 0.976 0.951–1.001 0.065

Weight loss

No Ref. Ref.

Yes 2.450 1.293–4.642 0.006 3.629 1.138–9.391 0.028

Abdominal pain

No Ref.

Yes 1.130 0.547–2.332 0.741

Diarrhea

No Ref.

Yes 1.751 0.893–3.433 0.103

Extra-intestinal manifestations

No Ref.

Yes 0.688 0.270–1.750 0.432

Perianal disease

No Ref.

Yes 0.851 0.342–2.117 0.729

1 independent variables: age at diagnosis, disease location, disease behaviour, ileal lesions at ileocolonoscopy, weight loss, platelets
2 OR–odds ratio
3 P value: overall comparison between groups
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that CE has superior diagnostic yields to SB barium studies, ileo-
colonoscopy, push enteroscopy and CTE in both suspected and
established SB CD. CE appears to be better than MRE at identify-
ing SBmucosal lesions, while MRE is more accurate at diagnosing
mural, peri-mural and extra-enteric manifestations [25,26].
Approximately 50% of patients with symptomatic ileal and/or co-
lonic CD have their proximal SB affected, with most common dis-
tributions including the proximal ileum (67%), jejunum (53%)
and duodenum (32%) [27]. Recent studies show that proximal in-
volvement is associated with younger age, non-smoking status,
co-existence of ileal involvement at ileocolonoscopy, and stenos-
ing pattern [28,29].
As proposed by the first consensus of the International Confer-
ence on Capsule Endoscopy (ICCE), ileocolonoscopy must always
be performed prior to CE, considering it for CD diagnosis or exclu-
sion if the patient presents suspicious symptoms (abdominal
pain or persistent diarrhea) as well as extraintestinal manifesta-
tions, alteration of inflammatory markers, or abnormalities in
other imaging tests [30]. The role of CE in patients with estab-
lished CD has mainly been studied to explain new symptoms
and to demonstrate mucosal healing, with no previous reports
in the literature regarding predictive factors of SB involvement
and which CD patients benefit the most from performing a CE at
diagnosis. In this large cohort, it was possible to show that SBCE
identifies proximal lesions (first and second tertiles) in 36% of
patients (n=68) with established CD, when only 9% were consid-
ered to have gastroduodenal involvement at baseline. Even
though 34% of the patients (n=65) were already known to have
poor prognostic factors at baseline (gastroduodenal involvement,
perianal disease or extraintestinal manifestations), despite of al-
ready being on immunomodulators or biologic therapy at the
time of CE performance, they persisted with unexplained symp-
toms or abnormal laboratory findings. Of the 68 patients with
proximal lesions in the SB, 23 did not have ileal involvement at
ileocolonoscopy. LS was higher in patients with lower hemoglo-

bin levels, higher WB counts, higher CRP, lower total protein lev-
els, and lower albumin levels.
In the multivariable analysis, significant weight loss, stricturing
behavior and ileal involvement at ileocolonoscopy were predic-
tive factors of SB involvement. Considering the ROC curve of the
model, a cut-off higher than 0.249 predicts proximal SB involve-
ment with 90% sensitivity and 40% specificity. Even though the
specificity of the ROC model is low, it has a high sensitivity and a
moderately high NPV (76%). This cut-off helps to select which pa-
tients may benefit the most from performing CE, once it would
detect 90% of the patients with lesions in the proximal SB, inac-
cessible to conventional endoscopy/ileocolonoscopy; Likewise,
patients with a cut-off lower than 0.249 are less likely to benefit
from performing CE, once 76% of them won’t have proximal SB
involvement. CE should be considered when a change in disease
management is foreseen [22]. As previously reported [29], the
prevalence of jejunal lesions is higher when the terminal ileum
is involved and associated with an increased risk of further clini-
cal relapse; it may be regarded as a factor of severity. Our results
reinforce this point. Furthermore, given CE high diagnostic yield
for established disease, its findings may influence management
changes and clinical monitoring. It is well known that the pres-
ence of SB involvement is associatedwith an increased risk of fur-
ther clinical relapse [28] and therefore an early and rapid diagno-
sis is necessary. Therefore, in the presence of symptoms or signs
unexplained by previous exams, particularly significant weight
loss, stricturing behavior or ileal involvement at colonoscopy, CE
may detect lesions accounting for manifestations beyond the
duodenum and terminal ileum, otherwise inaccessible to con-
ventional endoscopy. Once CE is superior to cross sectional ima-
ging for the detection of proximal lesions, CE could be a better
exam to be performed, in patients with unexplained symptoms
and a location of the disease in the terminal ileum previously
seen at ileocolonoscopy. Even though the findings obtained by
our model are of undoubted interest, they require validation, in
order to help selecting the CD patients that benefit the most
from performing a CE at diagnosis.

Competing interests: None
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