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Abstract
The Capsule Endoscopy Crohn’s Disease Activity Index (CECDAI) was recently reported as a new scoring system to evaluate the
mucosal lesions of patients with Crohn’s disease (CD). We investigated whether CECDAI is useful for assessing the necessity of early
additional treatment in patients with CD in clinical remission.
Twenty-one patients with small intestinal CD in clinical remission underwent capsule endoscopy (CE). The CECDAI and Lewis

score (LS) were used to evaluate the intestinal lesions. We analyzed the correlations between several biomarkers and CECDAI or LS
and examined the changes in therapeutic regimens based on the CECDAI.
CE identified intestinal abnormalities in most CD patients in clinical remission: 81.0% and 85.7%, as assessed using CECDAI and

LS, respectively. A significant positive correlation was observed between the CDAI and LS (P= .025), as well as between CDAI and
CECDAI (P= .014) in these cases. Compared to LS, CECDAI scores were more evenly distributed. No significant correlations were
observed between endoscopic scores and serum markers, including CRP, hemoglobin, and albumin levels. Additional treatment
was performed significantly more often in patients with moderate-severe disease activity (CECDAI ≥5.8) (P= .012) than in those with
normal (CECDAI <3.5) and mild (3.5�CECDAI<5.8) disease activity. Resection of the small intestine did not affect the small bowel
transit time or CE score.
CECDAI is useful in evaluating mucosal lesions in small bowel CD patients in clinical remission and helps in assessing the

requirement for additional treatment for these patients, including those who undergo intestinal resection.

Abbreviations: Alb = albumin, CD = Crohn’s Disease, CDAI = Crohn’s Disease Activity Index, CDEIS = Crohn’s disease
endoscopic index of severity, CE = capsule endoscopy, CECDAI = The Capsule Endoscopy Crohn’s Disease Activity Index, CRP =
C-reactive protein, ESR = erythrocyte sedimentation rate, Hb = hemoglobin, IBD = Inflammatory Bowel Disease, LS = Lewis score,
PC = patency capsule, SES-CD = Simple Endoscopic Score for Crohn’s disease.
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1. Introduction
Crohn’s disease (CD) is a chronic inflammatory disease character-
ized by discontinuous patterns of full-thickness granulomatous
inflammation and fistulas at any site in the gastrointestinal tract.[1]
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In recent years, remarkable progress has been made in developing
therapeutic drugs and treatment strategies for CD, and options for
treatment continue to increase.[2] Although the therapeutic goal of
CD has been to achieve “clinical remission” so far, it has become
ailable from the corresponding author upon request.
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Table 1.

Demographic features of patients with Crohn’s disease (CD).

Variable n=21

Age (year) 40.2±16.1 (17–71)
Gender (male/female) 14/7
Duration of disease (year) 7.86±7.1 (0–22)
Age at diagnosis (year) 32.3±16.1 (14–65)
Montreal classification
A1/A2/A3 1 (4.8%) / 14 (66.7%) / 6 (28.5%)
L1/L2/L3/L4 13 (61.9%) / 0 (0.0%) / 8 (38.1%) / 0 (0%)
B1/B2/B3 14 (66.7%) / 4 (19.0%) / 3 (14.3%)

Smoking 11 (52.4%)
Surgery required 7 (33.3%)
Length of resected small bowel (cm) 21.3±3.7 (17–30)
Perianal disease 5 (23.8%)
Concomitant use
5-Aminosalicylates 20 (95.2%)
Immunomodulators 8 (38.1%)
Elemental diet 8 (38.1%)
Biologics 9 (42.9%)

CDAI (points) 69.5±37.9 (20–141)
LS (points) 583.7±1061.8 (0–3720)
CECDAI (points) 3.8±3.7 (0–13)
Small bowel transit time (min) 235.7±116.9 (42–554)
CRP (mg/dL) 0.14±0.16
Hb (g/dL) 13.6±1.4
Alb (g/dL) 4.3±0.4

A1 below16y, A2 between17 and 40y, A3 above 40y.
L1 ileal, L2 colonic, L3 ileocolonic, L4 isolated upper disease.
B1 non-stricturing, non-penetrating, B2 stricturing, B3 penetrating.
CDAI Crohn’s disease activity index.
LS Lewis capsule endoscopy scoring index.
CECDAI Capsule endoscopy Crohn’s disease activity index scoring system.
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apparent that achieving endoscopic “mucosal healing” or “deep
remission” greatly contributes to the improvement of the patient’s
prognosis, such as lower surgical and hospitalization rates.[3,4] The
evaluation of clinical disease activity may not be correlated with
mucosal healing, and even the patients who are actually in clinical
remission may have active mucosal lesions. Therefore, in order to
evaluate “deep remission”, a method to objectively evaluate
images is necessary, and endoscopy is one of the essential tools.
Recently, small intestine endoscopic examination, such as

single-balloon enteroscopy and double-balloon enteroscopy,
have been introduced to directly evaluate mucosal lesions of
the small intestine.[5,6] However, it is not easy to perform small
intestine endoscopy on patients in clinical remission, as it is
difficult for the patients to endure large amounts of whole bowel
irrigation before the endoscopic examination that itself is painful
for the patients. On the other hand, the small intestinal capsule
endoscopy is not accompanied by the pain associated with the
examination, so the patient’s acceptability is considered to be
high. Also, studies which evaluate the small intestinal lesions of
CD are gradually increasing.[7–9]

There are several CD scoring systems in endoscopy, such as
Crohn’s disease endoscopic index of severity (CDEIS),[10] Simple
Endoscopic Score for Crohn’s disease (SES-CD),[11] and
Rutgeerts’ score,[12] but there is no established capsule
endoscopic scoring system for mucosal lesions in CD patients.
Lewis score (LS) is often used as a capsule endoscopic scoring

system for small bowel lesions,[13] but it is not specialized for CD
lesions. The ability of LS to evaluate the mucosal lesions of CD
has not been sufficiently studied. A new capsule endoscopic
scoring system for CD called Capsule endoscopy Crohn’s disease
activity index scoring system (CECDAI) was proposed.[14]

Recently, there have been some studies comparing CECDAI
with LS regarding the usefulness of capsule endoscopy in
CD.[15,16] However, it is still not yet clear whether this scoring
system can quantitatively evaluate mucosal lesions in the small
intestine during clinical remission and whether mucosal lesions
after intestinal resection can be evaluated. In this study, we report
on small intestinal capsule endoscopy for CD patients in clinical
remission and investigate whether CECDAI can be used to
evaluate mucosal lesions adequately and help in deciding whether
additional treatment is required.

2. Material and methods

2.1. Patient population

From December 2012 to December 2016, a retrospective, single-
center study was conducted with 21 patients. We included 21
patients diagnosed with the small intestine type of CD between
the ages of 17years and 71years, whose clinical remission status
was maintained for at least three months or more. Clinical
remission was defined as a Crohn’s disease activity index (CDAI)
score of <150 points.

2.2. Capsule endoscopy

All examinations were performed with the PillCamTM SB2 or SB3
system (Medtronic Japan Co., Ltd.). Prior to the capsule
endoscopic procedure, all patients, including seven who under-
went small intestinal resection for stenosis and fistula, were
assessed with a PillCamTM Patency Capsule (PC) (Medtronic
Japan Co., Ltd.). The PC test was considered negative if the
capsule was eliminated from the small bowel within 33h from
2

ingestion according to the manufacturer’s instructions. The
preparation for the capsule endoscopy included a 12 h overnight
fast. After swallowing the capsule, 200ml of polyethylene glycol
was administered for one hour. The patients were allowed to
drink clear liquids after two hours and to eat an ordinary diet
after four hours. In the cases where the capsule did not reach the
duodenum within two hours after swallowing, the patients were
administrated 10mg of metoclopramide.

2.3. Assessment of mucosal lesions

The results of CEwere evaluated based on LS and CECDAI.[13,14]

LS was automatically calculated using RAPIDTM Reader
Software and CECDAI was evaluated using the laminated
printout of the scoring system. The images were reviewed
independently by two experts on CE. The final endoscopic
activity scores were based on consensus between the two experts.
The severity of small bowel lesions was classified according to the
CECDAI scores as follows: normal (CECDAI<3.5), mild disease
activity (3.5� CECDAI <5.8), and moderate-severe disease
activity (CECDAI ≥5.8).[17,18] After evaluation of the severity of
small bowel lesions by CE, additional medications including
initiation or increase in dose of biologics and/or thiopurines were
left to the investigators’ judgment.
2.4. Measurement of blood biomarkers

Hemoglobin (Hb), albumin (Alb), and C-reactive protein (CRP)
levels were evaluated by a blood test performed between two
weeks before and two weeks after the capsule endoscopy was
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performed. Blood samples from all the patients were collected
and measured by the Department of Laboratory Medicine of
Hamamatsu University School of Medicine. Data regarding these
biological parameters were collected from the patients’ records.
2.5. Study design

We conducted a retrospective four-year observational study. The
primary endpoint was the correlation of two capsule endoscopic
scoring systems (LS, CECDAI) with laboratory values (Hb, Alb,
CRP). The secondary endpoint was the changes in therapeutic
regimens based on the CECDAI.
2.6. Statistics

Statistical analysis was performed using statistical software (SPSS
for Windows, Version 16.0; SPSS Inc., Chicago, Illinois, USA)
Figure 1. LS and CECDAI in the patients with CD in clinical remission. (A). Co
(C). Correlation between CDAI and CECDAI (D). Distribution of the endoscopic s
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and EZR (Saitama Medical Center, Jichi Medical University,
Saitama, Japan). Continuous variables were presented as the
mean± standard deviation or the mean± standard error of the
mean, whereas groups were compared using the Student’s t-test
or theMann–WhitneyU test unless stated otherwise. Categorical
variables are presented as percentages, and the analyses were
performed using the Fisher’s exact test. A P-value <.05 was
considered statistically significant.
2.7. Ethical statement

Informed consent was obtained from all the patients after
explaining the purpose of the study and the nature of the
procedures involved. Similarly, the study protocol was reviewed
and approved by the Institutional Review Board of Hamamatsu
University School of Medicine (Registration number 15–221).
Further, the investigation was conducted in accordance with the
rrelation between LS and CECDAI. (B). Correlation between CDAI and LS.
cores of LS and CECDAI.
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principles of Good Clinical Practice and in adherence to the
Declaration of Helsinki at all times.
3. Results

3.1. Patients’ baseline demographics

Table 1 shows the demographic features of patients with CD. The
baseline data of all the enrolled patients are shown in Table S1
Supplemental Digital Content, http://links.lww.com/MD/G284.
The average age of the 21 patients was 40.2years (range 17–71
years), and the average disease duration was 7.1years. The
disease distribution in Montreal classification was 66.7% (n=
14), 19.0% (n=4), 14.3% (n=3) for B1, B2 and B3 respectively.
Surgical intestinal resection had been performed in seven cases,
namely, all cases of B2 and B3. The length of intestinal resection
was 21.3cm on average, the shortest being 17cm, and the longest
was 30cm. All anastomosing methods were Kono-S anastomo-
ses.[17] Regarding baseline medications, 95.2%, 38.1%, 38.1,
and 42.9% of patients used 5-aminosalicylates, immunomodu-
lators, elemental diet, and biologics, respectively. In all cases,
capsule endoscopies of the small intestine were performed after
passability by the PC was confirmed. The average scores of LS
and CECDAI were 583.7±37.9 and 3.8±3.7, respectively. The
average values of the blood test data, when the capsule endoscopy
was performed, were CRP of 0.14±0.16mg/dL, Hb of 13.6±1.4
g/dL, and Alb of 4.3±0.4g/dL.
Figure 2. Correlations between the capsule endoscopy scores and the blood
biomarkers. (A). Correlation between CECDAI and CRP. (B). Correlation
between CECDAI and Hb. (C) Correlation between CECDAI and Alb.
3.2. Correlations between CDAI and scoring systems of
capsule endoscopy in the patients with CD in clinical
remission

As shown in Figure 1A, LS and CECDAI showed a significant
positive correlation. Next, we examined the relationship between
CECDAI and CDAI in patients with CD in clinical remission. A
statistically significant positive correlation (P= .025) was ob-
served between LS and CDAI (Fig. 1B). A significant positive
correlation (P= .014) was also observed between CECDAI and
CDAI (Fig. 1C). From these results, it was observed that the
capsule endoscopic score becomes higher proportionally to the
clinical score in clinical remission cases.
Figure 1D shows the distribution of LS and CECDAI in CD

patients in clinical remission. There were four cases (19.0%) in
LS and three cases (14, 3%) in CECDAI with an endoscopic
score of 0 point, and there were 17 cases (81.9%) in LS and 18
cases (85.7%) in CECDAI with an endoscopic score of 1 or
more. LS has a wide range of scores from 0 to 3720 points.
Two cases with a score of 3720 points were prominent, and
most of the other cases aggregated to 500 points or less, so the
scores were distributed quite unevenly. On the other hand,
CECDAI exists from score 0 to 13 points. Two cases with 13
points were higher than other scores, but scores were
distributed relatively uniformly compared to LS. These results
showed that the CECDAI is a more evenly distributed than LS
in the capsule endoscopy data for CD patients in clinical
remission.
3.3. Correlations between CE scoring system and serum
biomarkers

We investigated whether serum biomarkers including CRP, Hb,
and Alb correlate with CE scoring systems in clinical remission
4

cases. CRP (Fig. 2A), Hb (Fig. 2B), and Alb (Fig. 2C) showed
no correlation with either LS or CECDAI. Figure 3 shows two
cases in which CE was performed on CD patients in remission.
Case 1 had a mild elevation of serum CRP and hypoalbumi-
nemia, while Case 2 had no elevation of serum CRP and
very mild hypoalbuminemia. As CE identified multiple small
ulcers and erosions in the small intestine in both cases,
thiopurine was added to the therapeutic regimen for Case 1
and anti-TNF was added for Case 2. These results indicated
that the serum biomarkers do not always correlate with the CE
scoring systems during the clinical remission phase in CD
patients.

http://links.lww.com/MD/G284


Figure 3. Images of capsule endoscopy in patients with CD in clinical remission. Multiple small ulcers and aphthoid lesions are seen in the small intestine.
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3.4. Changes of therapeutic regimen of CD patients in
clinical remission after CE

Next,we examined how the therapeutic regimenofCDpatientswas
changed according to the CECDAI. There were six cases in which
treatment was changed after the capsule endoscopy was performed,
with the addition of thiopurine in one case and anti-TNF in four
cases, and increasing existing anti-TNF in another (Fig. 4A).
Previous reports indicate that a CECDAI score of less than 3.5 is
normal, 3.5 to 5.8 indicate mild disease activity, and 5.8 and above
indicate moderate-severe disease activity.[18,19] As shown in
Figure 4B, treatment was changed after the capsule endoscopy in
8.3% cases of normal activity, 25.0% of mild disease activity, and
80.0% of moderate-severe disease activity. In other words, the
proportion of patients whose treatment changed increased
significantly (P= .012) with the increase in CECDAI score.

3.5. Effect of intestinal resection on small bowel transit
time and scoring systems of CE

Finally, we examined whether the history of small bowel resection
had an influence on small bowel transit time and scoring systems of
capsule endoscopy. There was no significant difference in small
bowel transit time between patients with and without a surgical
history (Fig. 5A). Furthermore, there was no significant difference
in endoscopic score, including both LS and CECDAI, between
patients with andwithout a history of surgery (Fig. 5B). There was
no significant correlation between LS and small bowel transit time
and between CECDAI and small bowel transit time (Fig. 5C).
5

Although the intestinal resection lengths of the surgical cases of
this study were all shorter than 30cm (Table 1), it was shown that
the history of small bowel resection had no influence on small
bowel transit time and the capsule endoscopy scores if intestinal
resection length was shorter than 30cm.

4. Discussion

Several studies have reported on the use of LS as a capsule
endoscopic score for evaluating small bowel lesions in CD, and it
is said to be very useful as a follow-up tool for patients diagnosed
with CD; however, the range of the scores is very wide (0–
4800).[19] LS is not a scoring system specialized for CD because it
was originally created based on mucosal lesions of patients with
nonsteroidal anti-inflammatory drug-induced enteropathy.[13]

CECDAI, on the other hand, is a scoring system specialized for
CD proposed by Gal et al[14] and the score range is 0 to 36, which
is smaller than LS. In this study, both LS and CECDAI positively
correlated with CDAI in clinical remission cases, and further-
more, it was shown that LS and CECDAI are significantly
correlated with each other. Since scores are uniformly distributed
in CECDAI compared to the uneven distribution of LS in the case
of clinical remission, it seems that CECDAI will be able to make
more objective comparative examinations.
We also examined whether the serum markers could predict

endoscopic findings in clinical remission cases, but CRP, Hb, and
Alb levels did not show correlations with endoscopic scores. Since
it is difficult to identify endoscopic relapse before clinical relapse

http://www.md-journal.com


Figure 4. Changes in therapeutic regimen based on the CECDAI score. (A).
Distribution of patients who required changes in therapeutic regimen. (B)
Percentage of patients who required changes in therapeutic regimen based on
the CECDAI score.

Figure 5. Effect of intestinal resection on small bowel transit time and CECDAI.
(A). Effect of intestinal resection on small bowel transit time. (B). Effect of
intestinal resection on CECDAI. (C). Correlation between small bowel transit
time and CECDAI. Op-free: Surgical-free; Post-op: Post-surgical.
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by measuring serum markers such as CRP and ESR,[23] fecal
markers, such as calprotectin and lactoferrin, are used for
predicting endoscopic recurrence.[20–22] However, whether fecal
calprotectin can serve as a surrogate marker for mucosal healing
remains to be clarified.[24] Currently, there is no significant
correlation between serum or fecal biomarkers and endoscopic
scores. Therefore, there seems to be no useful method other than
the direct observation of mucosal condition by endoscopic
examination to judge the status of healing.
As mentioned above, it has been reported that the clinical

course of patients will be affected if mucosal healing is not
achieved even in the clinical remission state.[22] Therefore, the
mucosal evaluation by capsule endoscopy during clinical
remission may have a significant influence on the patient’s
prognosis.[25,26] It has been reported that a higher score of LS is
related to more frequent changes in treatment, and LS is known
to be a useful tool for therapeutic management of CD.[27,28]

However, there have been no reports on the impact of CECDAI
on the treatment changes for patients with CD.Our study showed
that the proportion of patients whose treatment changed
remarkably increased as CECDAI increased (P= .012). Although
this research does not prospectively evaluate differences in
treatment changes between the group in which the capsule
endoscope was performed and the group in which the capsule
endoscope was not performed, it is well known that the
achievement of mucosal healing is important for the prognosis
of CD patients. Therefore, quantitative evaluation of small bowel
lesions using CECDAI, during clinical remission period, is
extremely critical for a better long-term prognosis of CD patients.
6

In CD patients who underwent ileocecal resection, more than
80% of endoscopic relapse is observed in the ileum on the oral
side of the anastomotic site (neo-terminal ileum) within 12
months after operation,[12] but clinical relapse is seen from 3 to 5
years after surgery. Conversely, there seems to be a high
probability of the presence of active lesions that need treatment
on the intestinal mucosa at the time of onset of clinical relapse
was observed. Kusaka et al examined cases in which capsule
endoscopy was performed within three months of “curative”
surgery, and endoscopic activity was observed in 84.0% of the
cases.[26] However, it has not been examined whether the capsule
endoscopic scoring system can be applied to cases after intestinal
resection in the same manner as it is for non-resection cases. We
clarified that the presence or absence of intestinal resection during
clinical remission did not affect intestinal transit time and the
capsule endoscopic scoring system including both of LS and
CECDAI. In other words, it was revealed that capsule endoscopes
can appropriately evaluate small intestinal mucosa in cases where
the intestinal resection length is less than 30cm.
The limitations of this study include its retrospective design and

the small sample size. In addition, treatment methods for each
patient, whose active mucosal lesions have been found in capsule
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endoscopy, are left to their respective attending physician, and no
definite treatment design has been set up, and there has been no
follow-up on changes in mucosal lesions by capsule endoscopy
after the additional treatment. However, it seems that the index to
consider additional treatment in clinical remission cases may
concretely be proposed as a case of moderate to severe with
CECDAI of 5.8 or more.
5. Conclusions

We found that CECDAI is a very useful scoring system to
evaluate the extent of mucosal lesions when performing capsule
endoscopy in remission cases of CD. Since CECDAI scores are
more evenly distributed than LS values, it seems that the
difference in the scores among patients, as well as the change in
the score with time in each individual, can be more objectively
evaluated. Even in surgical cases, CECDAI can be used to
evaluate mucosal lesions properly if the intestinal resection length
is relatively short. It is a useful scoring system for maintaining the
quality of life of CD patients. However, to confirm these
preliminary results, additional research using a multicenter
prospective study is required.
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