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ABSTRACT

Fecal calprotectin (FC) has drawn attention as a biomarker in the evaluation of Crohn’s disease (CD). 
However, few reports have provided a detailed examination of the relationship between small-bowel CD 
lesions and FC levels. The present study aimed to examine the entire small bowel using double-balloon 
endoscopy (DBE) and to determine the relationship between the endoscopic activity in small-bowel CD and 
FC levels. Twenty small-bowel CD patients, who underwent DBE, were prospectively enrolled. Endoscopic 
evaluation was based on the simple endoscopic score for CD, with the small bowel divided into four 
regions. This score was defined as the double-balloon endoscopic score for CD (DES-CD). Furthermore, 
to focus on mucosal membrane damage, we used the partial DES-CD (pDES-CD), in which presence of 
stenosis was excluded from DES-CD. DES-CD revealed a correlation with FC (g = 0.691, P = 0.001) and 
C-reactive protein (CRP) (g = 0.631, P = 0.003) levels. Furthermore, pDES-CD showed a correlation with 
the FC level (g = 0.747, P < 0.001), erythrocyte sedimentation rate (g = 0.492, P = 0.028), and the CRP 
level (g = 0.605, P = 0.005). CD Activity Index and endoscopic score showed no correlation. Our results 
revealed a correlation between the endoscopic activity in small-bowel CD and FC levels. Furthermore, 
pDES-CD showed a strong correlation with FC levels. This may be because FC levels were elevated due 
to mucosal membrane damages, rather than stenoses. 
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INTRODUCTION

Crohn’s disease (CD) is characterized by a chronic course of repeated flare-ups and remission, 
during which lesions can develop throughout the gastrointestinal tract. Depending on the part of 
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gastrointestinal tract involved, the types of CD are classified into small-bowel, ileocolonic, and 
colonic. For example, by definition, small-bowel CD has lesions in the small bowel, but not in 
the large bowel.

Over time, most CD patients develop complications, such as stenoses, anal fistulas, and 
abscesses, which increase the possibility of requiring surgery.1-3) In CD patients, mucosal healing 
(MH) is important, because it is associated with long-term prognosis. In previous studies, MH has 
been shown to inhibit CD flare-ups, thereby lowering the risk of hospital admission and surgery.4-7)

More than 60% of CD patients have small-bowel lesions, indicating the importance of 
examinations of the small bowel.8-10) However, compared with the stomach and large bowel, the 
small bowel is difficult to examine. There are various modalities available to examine the small 
bowel, including endoscopic examination, abdominal ultrasound, computed tomography, and 
magnetic resonance imaging.11) Of these, endoscopic examination enables the direct observation 
and evaluation of the state of the mucous membrane. Therefore, it is considered to be the gold 
standard for evaluating MH. At present, endoscopic examinations to evaluate the small-bowel 
CD lesions include double-balloon endoscopy (DBE) and capsule endoscopy (CE).12,13) These 
examinations are useful; however, performing them repeatedly in the short term is associated 
with invasiveness and cost issues.

Recently, fecal calprotectin (FC) has drawn attention as a potential new biomarker. Calprotectin 
is a calcium-binding protein, consisting of two types of peptides (S100A8/A9). It is primarily 
found in neutrophils, but has also been found in monocytes and epithelial cells; it accounts for 
approximately 60% of the soluble cytoplasmic fraction of neutrophils. When inflammation occurs 
in the gastrointestinal tract, leucocytes mobilize to the inflammation site. From there, they are 
translocated to the gut lumen, and calprotectin is released into the feces.14-17) Therefore, FC is 
considered a biomarker reflecting inflammation in the gastrointestinal tract. Compared with the 
conventional symptom evaluation methods, such as CD Activity Index (CDAI) and serum C-
reactive protein (CRP) levels, FC levels exhibit a strong correlation with endoscopic activity.18,19) 
However, only a limited number of reports have examined, in detail, small-bowel CD lesions. 
The present study aimed to examine the correlation between FC levels and endoscopic activity 
in small-bowel CD patients.

MATERIALS AND METHODS

Patients
This prospective study included 20 small-bowel CD patients who underwent DBE at Nagoya 

University Hospital between May 2016 and July 2017. Within a week of DBE with the transoral 
and transanal approaches, all patients underwent observation of the entire small bowel. When 
this observation by DBE was not accomplished, an additional endoscopic water-soluble contrast 
study was performed. Prior to examination, the CDAI, erythrocyte sedimentation rate (ESR), and 
CRP levels were measured. Fecal samples were collected within a week before undergoing DBE.

Patients were excluded if fecal samples could not be collected and/or if neoplastic lesions 
were observed in the large intestine. In the subject sample, there were no patients who took 
aspirin or non-steroidal anti-inflammatory drugs daily.

Measurement of FC Levels
Fecal samples collected from patients were stored at −30˚C until measurement. FC levels were 

measured using enzyme-linked immunosorbent assay (Immundiagnostik AG, Bensheim, Germany), 
according to manufacturer’s guidelines.
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Endoscopic Evaluation Method
Conventional endoscopic evaluations included measuring the simple endoscopic score for 

CD (SES-CD) by colonoscopy20) and the Lewis score (LS) by CE.21) In addition, SES-CD is 
measured in the large bowel by dividing it into four areas: 1) rectum, 2) left hemicolon, 3) 
transverse colon, and 4) right hemicolon. The small bowel includes only one region (i.e., the 
ileum terminal); therefore, most of the small bowel is not evaluated. Furthermore, the entire 
small bowel can be evaluated with LS, whereas in CD patients with severe stenosis, CE cannot 
be performed; therefore, evaluation is not possible.

In the present study, to perform endoscopic evaluations limited to the small bowel, the latter 
was divided into four areas: 1) upper jejunum, 2) lower jejunum, 3) upper ileum, and 4) lower 
ileum. As with SES-CD, four items were evaluated: 1) size of the ulcer, 2) ulcerated surface, 
3) affected surface, and 4) presence of stenosis. This new endoscopic evaluation is defined as 
the double-balloon endoscopic score for CD (DES-CD) (Table 1). Furthermore, to focus on the 
damage to the mucosal membrane, the presence of stenosis was excluded from the four items; 
a separate evaluation was conducted using the partial DES-CD (pDES-CD), which evaluated the 
remaining three items (Table 2). DES-CD ranged from 0 to 46, and pDES-CD ranged from 0 
to 36.

When the scope of DBE could not be inserted deeply due to adhesion and stenosis, the 
unobservable small bowel was evaluated by inserting a contrast medium via DBE. As a result, 
patients without clear abnormal findings were included. Patients were excluded if the range of 
contrast enhancement exceeded 50 cm. EN-580T (Fujinon Inc., Saitama City, Japan) was used 
as the scope.

Table 1. Definitions of the DES-CD

Endoscopic value

Variable 0 1 2 3

Size of ulcers None Aphthous ulcers 
(Ø 0.1 to 0.5 cm)

Large ulcers 
(Ø 0.5 to 2 cm)

Very large ulcers 
(Ø >2 cm)

Ulcerated surface None <10% 10–30% >30%

Affected surface None <50% 50–75% >75%

Presence of stenoses None Single, 
can be passed

Multiple, 
can be passed

Cannot be passed

Ø, Diameter
DES-CD, double-balloon endoscopic score for Crohn’s disease

Table 2. Definitions of the pDES-CD

Endoscopic value

Variable 0 1 2 3

Size of the ulcer None Aphthous ulcers 
(Ø 0.1 to 0.5 cm)

Large ulcers 
(Ø 0.5 to 2 cm)

Very large ulcers 
(Ø >2 cm)

Ulcerated surface None <10% 10–30% >30%

Affected surface None <50% 50–75% >75%

Ø, Diameter
pDES-CD, partial double-balloon endoscopic score for Crohn’s disease
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Statistical Analysis
The statistical software package SPSS for Windows (SPSS, Chicago, IL, USA) was used to 

analyze statistical data. The correlations between the FC level and the CDAI, CRP level, ESR, 
and endoscopic activity (DES-CD and pDES-CD) were estimated with Spearman’s rank order cor-
relation coefficient (g ). In all analyses, a P-value of <0.05 was considered to indicate significance.

RESULTS

Patient Backgrounds
The clinical backgrounds of the patients are presented in Table 3. Overall, there were 20 

patients (16 male patients), with a median age of 33 years at diagnosis. The median disease 
duration was 8.5 years. The median CDAI was 69 (range: 0–360.2), median ESR was 6 mm/h 
(range: 1–36 mm/h), and median CRP level was 0.04 mg/l (range: 0–2.74 mg/l). No lesions 
were observed in the large bowel, including the anus, in any patient. There were 10 patients 
with a history of intestinal resection. There were five patients taking infliximab, seven patients 
taking adalimumab, and six patients taking azathioprine.

Table 3. Patient characters

Number of patients 20

Gender: Male/Female 16/4

Age at diagnosis (years): median, range 33 (19–65)

Disease duration (years): median, range 8.5 (0–23)

Prior surgery (%) 10 (50)

CDAI: median, range 69 (0–360.2)

Smoking (%) 1 (5)

Medication 

5-ASA (%) 18 (90)

Elemental diet (%) 15 (75)

Infliximab (%) 5 (25)

Adalimumab (%) 7 (35)

Azathioprine (%) 6 (30)

ESR (mm/h): median, range 6 (1–36)

CRP (mg/l): median, range 0.04 (0–2.74)

FC (μg/g): median, range 35.4 (9–1506.9)

DES-CD: median, range 7 (0–16)

pDES-CD: median, range 5 (0–13)

Distribution of CD lesions 

Jejunum (%) 2 (10)

Ileum (%) 12 (60)

both (%) 6 (30)

Stenosis (%) 17 (85)

Cannot be passed (%) 11 (55)

DBE, double-balloon endoscopy; CDAI, Crohn’s Disease Activity Index; ASA, aminosalicylic acid; ESR, 
erythrocyte sedimentation rate; CRP, C-reactive protein; DES-CD, double-balloon endoscopic score for 
Crohn’s disease; pDES-CD, partial double-balloon endoscopic score for Crohn’s disease
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Endoscopic Findings by DBE
The lesions were distributed in the jejunum (two patients), in the ileum (12 patients), and in 

both areas (six patients). The entire small bowel could be examined by DBE, without contrast 
enhancement of the small bowel in six patients. Stenosis was observed in 17 patients, among 
whom the scope could not be passed for DBE in 11. There were no patients in whom the entire 
small bowel could be examined only by the one-way approach.

Correlation between the FC level and the CRP Level, ESR, and CDAI
The median FC level was 35.4 μg/g (range: 9–1506.9 μg/g). A correlation was observed 

between the FC and CRP levels (g = 0.767, P < 0.001) (Fig. 1). No correlation was observed 
between the FC level and the ESR and CDAI.

Fig. 1 Correlation between the FC and CRP levels 
  Correlation between the FC and CRP levels. Spearman rank correlation coefficient g was 0.767 (P < 

0.001).

Correlation between the Endoscopic Score Obtained by DBE and the FC Level, CRP Level, 
ESR, and CDAI

The median DES-CD was 7 (range: 0–16). A correlation was observed with the FC (g = 0.691, 
P = 0.001) and CRP (g = 0.631, P = 0.003) levels (Fig. 2A and 2B). There was no correlation 
observed with the ESR and CDAI.

Furthermore, the median pDES-CD was 5 (range: 0–13). A correlation was observed with the 
FC level (g = 0.747, P < 0.001), ESR (g = 0.492, P = 0.028), and CRP level (g = 0.605, P = 
0.005) (Fig. 3A, 3B, and 3C). There was no correlation observed with CDAI.

The endoscopic activity analysis revealed that pDES-CD and FC levels had the strongest 
correlation. Moreover, CDAI showed no correlation in any of the analyses.
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DISCUSSION

In the present study, we evaluated the correlation between endoscopic activity and FC levels 
in small-bowel CD patients. The endoscopic activity correlates with FC levels in small- and 
large-bowel CD patients.18,19) Conversely, some reports have indicated that there is no such 
correlation in small-bowel CD patients, and other studies have suggested that FC levels are 
low in small-bowel CD patients.22-24) Therefore, it is possible that in small-bowel CD patients, 
no correlation is observed between disease activity and FC levels. Few reports have evaluated 
the correlation between disease activity and FC levels in small-bowel CD patients; therefore, 
it is important to perform such an evaluation. In the past, small-bowel lesions were primarily 
evaluated by colonoscopy; therefore, evaluation of small-bowel lesions was limited. Recently, it 
has become possible to evaluate the small bowel more extensively using CE, magnetic resonance 
enterography (MRE), and DBE. With each of these examinations, a correlation between disease 

Fig. 2 Correlation between the DES-CD, FC level, and CRP level 
  (A) Correlation between the DES-CD and FC level. Spearman rank correlation coefficient g was 0.691 

(P = 0.001).
  (B) Correlation between the DES-CD and CRP level. Spearman rank correlation coefficient g was 0.631 

(P = 0.003).

(A)

(B)
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Fig. 3 Correlation between the pDES-CD, FC level, ESR, and CRP level 
  (A) Correlation between the pDES-CD and FC level. Spearman rank correlation coefficient g was 0.747 

(P < 0.001).
  (B) Correlation between the pDES-CD and ESR. Spearman rank correlation coefficient g was 0.492 (P 

= 0.028).
  (C) Correlation between the pDES-CD and CRP level. Spearman rank correlation coefficient g was 0.605 

(P = 0.005).

(A)

(B)

(C)
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activity and FC levels has been observed25-27); however, CE cannot be performed on patients with 
severe stenosis, thereby limiting the number of patients. Moreover, MRE is superior in terms 
of the evaluation of lesions other than those in the intestinal mucosa; however, it is difficult to 
detect superficial lesions and small mucosal lesions using this method.28) Furthermore, although 
DBE is superior in terms of mucosal lesion detection, to date, only one study27) has exclusively 
used the transanal approach, which makes the evaluation of the upper small bowel inadequate.

In the present study, we examined disease activity by DBE to evaluate, in detail, lesions in 
the mucous membrane. To observe the entire small bowel, we conducted our examination using 
the transoral and transanal approaches. Based on these results, in small-bowel CD patients, a 
correlation was observed between endoscopic activity and the FC levels. Furthermore, a strong 
correlation was observed between the pDES-CD and FC levels, which suggested that stenosis 
has little involvement in the elevation of FC levels and that mucous membrane damage (e.g., 
ulcers) causes FC levels to increase. Compared with conventional indices (e.g., ESR, CRP level, 
and CDAI), FC levels exhibit a strong correlation with endoscopic disease activity. Therefore, it 
appears that FC is more useful than conventional indices for the evaluation of mucous membrane 
damage.

Rutgeerts et al. reported that in CD patients, endoscopic flare-ups occur first, and then flare-
ups appear in other data (e.g., blood tests). This is followed by flare-up of clinical symptoms.29) 
If treatment can be intensified at the endoscopic flare-up stage, the prognosis of CD patients 
may improve. However, from the perspective of convenience in clinical practice, clinical activity 
indices (e.g., CDAI) and serum biomarkers (e.g., CRP level) are often used to evaluate disease 
activities and determine therapeutic outcomes. Moreover, imaging examinations are not regularly 
conducted at present. The method to evaluate FC levels is simple and easy to perform. If FC 
levels reflect damage to the mucous membrane, endoscopic flare-ups can be monitored through 
FC levels, and they can also predict the timing required to intensify treatment.

A limitation of the present study was the very small sample size of patients who underwent 
observation of the entire small bowel by DBE. In addition, when observation was difficult by 
DBE, the observation was performed using contrast imaging of the small bowel. Moreover, 
evaluation by endoscopy was not directly possible for all patients.

In conclusion, FC levels showed a correlation with endoscopic activity in small-bowel CD 
patients, which was stronger than that for the ESR, CRP level, and CDAI.
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