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Abstract 
AIM: To clarify the usefulness of postsurgical capsule endoscopy (CE) in the diagnosis of recurrent small bowel lesions of Crohn’s disease (CD).　

METHODS: This prospective study included 19 patients who underwent ileocolectomy or partial ileal resection for CD. CE was performed 2–3 wk after surgery to check for the presence/absence and severity of lesions remaining in the small bowel, and for any recurrence at the anastomosed area. CE was repeated 6–8 mo after surgery and the findings were compared with those obtained shortly after surgery. The Lewis score (LS) was used to evaluate any inflammatory changes of the small bowel.

RESULTS: One patient was excluded from analysis because of insufficient endoscopy data at the initial CE. The total LS shortly after surgery was 428.3 on average (median, 174; range, 8–4264), and was ≥ 135 (active stage) in 78% (14 of 18) of the patients. When the remaining unresected small bowel was divided into 3 equal portions according to the transition time (proximal, middle, and distal tertiles), the mean LS was 286.6, 83.0, and 146.7, respectively, without any significant difference. Ulcerous lesions in the anastomosed area were observed in 83% of all patients. In 38% of the 13 patients who could undergo CE again after 6–8 mo, the total LS was higher by ≥100 than that recorded shortly after surgery, thus indicating a diagnosis of endoscopic progressive recurrence.

CONCLUSION: Our pilot study suggests that CE can be used to objectively evaluate the postoperative recurrence of small bowel lesions after surgery for CD.　　　

© 2014 Baishideng Publishing Group Co., Limited. All rights reserved.
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Core tip: The usefulness of capsule endoscopy (CE) in diagnosing recurrent small bowel lesions after surgery for Crohn’s disease (CD) has not yet been sufficiently established. This study revealed that many inflammatory lesions were already present throughout the residual small bowel shortly after surgery for CD, thus indicating an active stage of the disease on the basis of the total Lewis score in 77.8% of the patients. We concluded that the CE findings shortly after surgery can be used as a baseline for comparison against the findings from additional CE sessions over time and that this method can be used to objectively evaluate the postoperative recurrence of small bowel lesions after surgery for CD.
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INTRODUCTION 
Crohn’s disease (CD) is a chronic progressive idiopathic inflammatory bowel disease that is characterized by lesions that can potentially affect the entire digestive tract. CD is likely to be complicated by stenosis, fistula, abscess, and other intestinal abnormalities, requiring surgical resection of the intestine in approximately 75% of all patients[1-3]. Although the pathophysiology of CD is increasingly understood and treatments with biological agents have advanced remarkably, the rate of small bowel resection has remained unchanged from that recorded 10 years ago[4].
One of the important issues in the management of CD is that the surgical resection of lesions is not compatible with radical treatment, and postoperative recurrence is observed in a high percentage of patients. Endoscopic recurrence primarily occurs at the site of the ileocolonic anastomosis and the neoterminal ileum, and is detected before clinical recurrence occurs. The incidence of endoscopic recurrence is 70%–73% at 3 mo, 72%–93% at 1 year, and 79%–100% at 3 years after surgery[5-7]. Clinical recurrence occurs in 20% at 1 year, 17%–55% at 5 years, and approximately 32%–76% at 10 years after surgery, requiring reoperation in approximately 50% of all patients during the 20-year period after surgery[3, 5].
To prevent recurrence after surgery for CD, various prophylactic treatments have been attempted, such as the use of 5-aminosalicylates, immunomodulators, or antimicrobial agents. Recently, close attention has been given to anti-TNFα antibody as an agent for preventing postoperative recurrence[8-10]. In evaluating the efficacy of these prophylactic therapies, it is essential to establish a diagnostic technique that enables the precise judgment of the presence of postoperative recurrence.
The current gold standard for the evaluation of postoperative endoscopic recurrence is to perform ileocolonoscopy to assess the severity of the lesions at the site of the ileocolonic anastomosis and the neoterminal ileum according to the Rutgeerts score[5]. However, this method, poses several problems. Ileocolonoscopy is an invasive procedure that often requires sedation and analgesia. Therefore, the tolerability of the procedure is an important problem if such an examination is repeatedly performed over time in patients under postoperative clinical remission. Furthermore, the insertion of the endoscope to the ileocolonic anastomosis is sometimes difficult because of adhesions and may not always be successful. Even in cases where the endoscope has reached the anastomosed site, only a limited area of the distal part of the small bowel is observable. Furthermore, we cannot rule out the possibility that inflammatory lesions detected by ileocolonoscopy in the neoterminal ileum within 1 year after surgery represents lesions that were left unresected during the operation (rather than new lesions that developed after surgery). In patients who underwent operative procedures other than ileocecal resection, e.g., partial small bowel resection or ileostomy, it is difficult to evaluate the postoperative recurrence affecting the residual small bowel using colonoscopy.
Capsule endoscopy (CE), a diagnostic imaging tool for the small bowel, is characterized by its less invasive nature and its capability to observe the entire small bowel. CE has been shown to be superior over other radiologic and endoscopic modalities, such as small bowel follow-through, computerized tomographic enterography, ileocolonoscopy, and push enteroscopy, in terms of the effectiveness in diagnosing small bowel lesions associated with the non-stricturing type of CD[11]. However, the usefulness of CE in diagnosing recurrent small bowel lesions after surgery for CD has not yet been sufficiently established[12-14].
The present study, had the following objectives: (1) to use CE to prospectively evaluate the presence/absence, location, and severity of inflammatory lesions in the entire residual small bowel of CD patients shortly (within 1 month) after the surgical resection of macroscopic lesions; and (2) to perform CE again approximately 6 mo after surgery to compare the findings with those obtained shortly after surgery, with the goal of examining whether it is possible to judge the presence of progressive recurrence in the small bowel and the efficacy of postoperative prophylactic treatments.

MATERIALS AND METHODS
Ethical considerations
The protocol for this study was prepared in compliance with the Declaration of Helsinki and the Ethical Guidelines on Clinical Studies, and was approved by the Ethics Committee of our university. 
 
Crohn’s disease patients
This study was carried out as a single-center prospective study at the Hyogo College of Medicine (Hyogo, Japan) between November 2009 and December 2011. The inclusion criteria were as follows: (1) patients aged  16 years with a definitive diagnosis of ileal-type or ileocolonic-type CD; (2) patients who had undergone ileocolonic or ileal resection for the treatment of CD-related lesions within the previous 1 month; (3) patients in whom the lesions detected via preoperative evaluations or surgical inspection of the serosal surface had been completely resected, leaving no evident residual lesion; and (4) patients who fulfilled the above 3 criteria regardless of a history of colonic resection or the presence/absence of ileostomy. The exclusion criteria were as follows: (1) patients who had undergone stricture-plasty without the resection of narrowed small bowel lesions; (2) patients in whom macroscopically evident small bowel lesions were left unresected during surgery; (3) patients in whom the evaluation of the residual small bowel was difficult intraoperatively because of adhesion and other issues; and (4) patients judged by the attending physician as being inappropriate for the study. Informed consent was obtained from each eligible patient. 
CE was performed shortly after surgery on 19 patients with CD who satisfied the criteria. Table 1 summarizes the clinical characteristics of these 19 patients. The operative procedure was ileocolonic resection (including previous anastomosis) in 16 patients and partial ileal resection in 3 patients. Of the patients who underwent ileocolonic resection, 7 required ileostomy. Anastomosis had been performed on 12 patients (8 ileocolonic anastomosis, 2 ileo-ileal anastomosis, and 2 ileocolonic anastomosis + ileo-ileal anastomosis). The mean length of the residual small bowel, measured intraoperatively, was 455 ± 152 cm. The CRP level at the time of CE was 0.26 ± 0.54 mg/dL. In 10 patients, excluding those who underwent ileostomy, the CD activity index (CDAI) was 161.66 ± 55.36.

Capsule endoscopy shortly after surgery: methods
CE was carried out with a Given PillCam SB system (Given Imaging Limited, Yoqneam, Israel). Because patients with evident residual stenosis found during open abdominal surgery were excluded from this study, no evaluation to verify the absence of stenosis was made prior to CE. All patients had undergone surgery within the previous 1 mo, and all of them received CE during the postoperative hospital stay.
Each patient fasted for 12 h or more, before the examination. A capsule endoscope was taken orally with 100–200 mL water. To improve the image quality and to ensure the visualization of the entire small bowel, an isotonic magnesium citrate solution (500 mL) combined with 2 mL dimethicone was orally administered in 5 divided doses at intervals of 30 min after swallowing the capsule[15]. The ingestion of clear liquids was permitted after finishing the intake of the isotonic magnesium citrate solution. During CE, symptoms such as discomfort reported by the patient, and the presence of adverse events (e.g., capsule retention) were recorded. The data were collected approximately 8 h later for image analysis.

Capsule endoscopy assessment
The images were analyzed using the RAPID® 6.5 ACCESS software (Given Imaging Limited). In cases where the ileocolonic anastomosis was confirmed or capsule excretion into the ileostomy was definitely confirmed, a judgment of “observation of the entire residual small bowel possible” was made. Each CE image was evaluated by an experienced gastroenterologist (T.K.) familiar with the examination of inflammatory bowel disease and with CE evaluation. For each patient, the CE images were evaluated in detail over a period of 2 h on average.
The Lewis score (LS) was used as the scoring index to quantify the inflammatory small bowel lesions detected via CE[16]. The area from the duodenal bulb to the site of the ileocolonic anastomosis or ileostomy was divided into 3 equal portions (proximal, middle, and distal tertiles) according to the transition time, and the score for each tertile was determined. In cases where a lesion was found at the site of the ileocolonic anastomosis, it was reflected into the score for the distal tertile. The total LS was defined as the edema and ulcer score of the most severe tertile plus the stenosis score. Activity was rated according to the criteria given in the original paper on total LS: no disease (score, < 135), mild disease (135–790), or moderate to severe disease (> 790). In our study, aphthae or erosion was defined as small mucosal breaks of approximately  3 mm, and was evaluated separately from ulcers. The number of aphthae or erosions and the distribution of these lesions were measured in each patient.

Follow-up
CE was performed again approximately 6–8 mo after surgery to evaluate the changes in the small bowel lesions through a comparison with the CE findings recorded shortly after surgery.
Because the use of a patency capsule had not been approved in Japan during the study period, conventional small bowel enteroclysis was carried out in advance in all patients to exclude those with small bowel stenosis or proximal bowel dilatation from the study.
The follow-up CE was carried out in a similar way to the CE conducted shortly after surgery. An evaluation was made in terms of the LS and the number of aphthae or erosions. The difference between the total LS shortly after and 6 mo after surgery was calculated as LS. The ratings used a 3-category scale: progressive recurrence (total LS higher by 100 or more than the score recorded shortly after surgery), improved (total LS lower by 100 or more than the score recorded shortly after surgery), or unchanged (total score changed by -99 to +99 compared with that recorded shortly after surgery).
Ileocolonoscopy was also performed on patients who underwent ileocolonic resection within 14 d following the follow-up CE procedure. For each patient, a gastroenterologist who was blind to the findings of CE performed ileocolonoscopy. Postoperative endoscopic recurrence in the neo-terminal ileum and the ileocolonic anastomosis was evaluated using the Rutgeerts score (RS)[5]. The details of RS are as follows: i0 (no lesions), i1 (<5 aphthous lesions), i2 [diffuse aphthous lesions with normal mucosa between lesions, or skip areas of larger lesions confined to the ileocolonic anastomosis (<1 cm in length)], i3 (diffuse aphthous ileitis with diffusely inflamed mucosa), or i4 (diffuse inflammation with large ulcers, nodules, and/or narrowing). A RS of 2 or more was defined as endoscopic recurrence.

Statistical analysis
Continuous variables were expressed as the mean and standard deviation, or mean and median plus range. Mann-Whitney’s U test was used to test the differences between the unpaired groups. The Wilcoxon Sign-Rank test was used to test the differences between the paired groups. Categorical data were analyzed with Fisher’s exact test. The statistical analysis was carried out using Dr. SPSS II for Windows version 11.0 (SPSS Japan Inc., Tokyo, Japan). A p value of <0.05 was considered statistically significant.

RESULTS
Evaluation of residual small bowel lesions via CE shortly after surgery for CD
Of the 19 patients with CD who satisfied the inclusion criteria, CE was performed 17.3 ± 5.6 d after surgery on average. No CE-related adverse event was recorded in any patient, and the examination was well- tolerated.
The observation of the entire residual small bowel was possible in 18 patients (95%). In the remaining 1 patient, CE did not reach beyond the middle segment of the ileum during the 8 h of recording; thus, this patient was excluded from analysis. No adverse events (e.g., delayed retention) developed later in this patient. CE was also carried out without any problems in patients who underwent ileostomy. Among the remaining 18 patients, the mean small bowel transition time was 245 ± 210.7 min.
In all 18 patients in whom the observation of the entire residual small bowel was possible, the CE procedure detected some abnormalities: edema was detected in 13 patients (72.2%), ulcers in 12 patients (66.7%), stenosis in 1 patient (5.6%), and aphthae or erosion in 16 patients (88.9%).
[bookmark: _GoBack]The total LS (the edema and ulcer score of the most severe tertile plus the stenosis score) averaged 428.3, and its median was 174 (range, 8–4264). Disease activity as rated from the total LS was as follows: no disease in 4 (22.2%) patients, mild disease in 13 (72.2%) patients, and moderate to severe disease in 1 (5.6%) patient. Thus, although the examination was conducted shortly after surgery, 14 (77.8%) patients were rated as having active disease.
An analysis of the LS for each tertile (edema + ulcer + stenosis score for each of the 3 equal portions of the residual small bowel) showed that the proximal tertile had a mean score of 286.6 and a median score of 8 (range, 0–4264), the middle tertile had a mean score of 83.0 and a median score of 0 (range, 0–337), and the distal tertile had a mean score of 146.7 and a median score of 135 (range, 0–458) (Figure 1A). Lesions were found in the entire segments of the residual small bowel, including the proximal segment, without a significant difference between any 2 tertiles.
Figure 1 B and C illustrates the edema and ulcer LS for each tertile. The edema LS did not differ significantly between any 2 tertiles. The ulcer LS for the distal tertile (mean, 114.7; median, 135; range, 0–459) was significantly higher than that for the proximal tertile (mean, 107.5; median, 0; range, 0–1800) (P = 0.027). Stenosis was detected in 1 patient who underwent partial ileal resection. The site of stenosis in this patient was the ileo-ileal anastomosis. The capsule passed this area after a 110-min retention in the proximal side of this area.
Among 12 patients who underwent ileocolonic or ileo-ileal anastomosis (14 sites in total), 10 patients (83.3%) developed ulcers in the anastomosed area. Of the 10 sites of the ileocolonic anastomosis, 7 (70%) sites developed ulcers, 1 site was free of ulcers, and 2 sites could not be evaluated because of the presence of residues. Ulcerous lesions were noted at all 4 sites of ileo-ileal anastomosis. Excluding 1 site of ileo-ileal anastomosis, all 13 anastomosis sites were in the distal tertile.
When the ulcer LS was calculated for each tertile, (excluding the anastomotic ulcers), the mean score was 57.5, 41.7, and 32.5 for the proximal, middle, and distal tertiles, respectively, without a significant difference between any 2 tertiles. The total LS, excluding ulcers and stenosis of the anastomosed site, averaged 176.4, and its median was 112 (range, 0–1012). Disease activity as rated on the basis of the total LS, excluding ulcers and stenosis of the anastomosed site, was as follows: no disease in 10 (55.6%) patients, mild disease in 7 (38.9%) patients, and moderate to severe disease in 1 (5.6%) patient. Eight (44.4%) patients had a high activity score, corresponding to mild or more severe disease. The mean number of aphthae or erosions observed was 3.2 ± 3.9, 2.1 ± 2.5, and 1.6 ± 1.6 for the proximal, middle, and distal tertiles, respectively (Figure 2).
When analyzed in relation to clinical background variables (presence/absence of preoperative anti-TNFα antibody therapy, penetrating/nonpenetrating type, history of surgery, and presence/absence of ileostomy), none of the background variables were associated with significant differences in the total LS, edema/ulcer/stenosis LS, or the number of erosions.

Influence of CE findings shortly after surgery on the prophylactic treatments for recurrence
No restrictions were imposed on the postoperative treatment, which was decided through a discussion between the attending physician and each patient based on the clinical background, preoperative treatment, and early CE findings.
All 4 patients rated as having no disease based on the CE findings shortly after surgery desired to continue the 5-aminosalicylate therapy and elemental diet that had been started preoperatively. Of the 13 patients rated as having mild disease, 3 desired to continue the same therapy (5-aminosalicylates and elemental diet) and 10 desired to receive anti-TNFα antibody treatment. One patient rated as having moderate to severe disease desired to receive anti-TNFα antibody treatment.
Altogether, 8 (44.4%) of the 18 patients requested a change in their prophylactic treatment, upon being informed of the findings from the CE shortly after surgery.

Follow-up
The follow-up CE at 6–8 mo after surgery was possible in 13 of the 18 patients: 1 patient was excluded from follow-up because of the finding of a stenosed lesion in the CE shortly after surgery, and another 4 patients were excluded because they refused follow-up CE or were transferred to other facilities. The CRP level at the time of follow-up CE was 0.32 ± 0.18 mg/dL. In 7 patients, excluding those who underwent ileostomy, the CD activity index (CDAI) at the time of follow-up CE was 109.3 ± 28.34 (range, 68–139). No sign of clinical recurrence, as judged by the physician, was noted in any of these patients. Prestenosis dilatation was not detected via conventional small bowel enteroclysis prior to CE in any of the patients.
For the 13 patients in whom follow-up CE was possible, the total LS determined from CE findings shortly after surgery was 215.0 on average (median, 168; range, 8–562). The postoperative treatment given for these 13 patients was anti-TNFα antibody in 9 patients and 5-aminosalicylates + elemental diet in 4 patients.
The follow-up CE was performed 216.9 ± 23.6 d after surgery on average. In all patients, the follow-up CE enabled the observation of the entire residual small bowel. CE was well- tolerated, causing no adverse events such as capsule retention. The mean small bowel transition time was 132 ± 64.2 min. Edema was detected in 10 (76.9%) patients, ulcers in 9 (69.2%), and stenosis in none of the patients. Aphthae or erosion was detected in all 13 patients.
Table 2 compares the findings from CE performed shortly after surgery with those from the follow-up CE in the 13 patients. The total LS at the follow-up CE was 196.1 on average (median, 143; range, 8–450), without a significant difference from the LS recorded shortly after surgery. Furthermore, in terms of the edema and ulcer LS for each tertile, there were no significant differences between the data from shortly after surgery and those from follow-up CE. The number of aphthae or erosions in the middle and distal tertiles was significantly larger at the time of follow-up than that recorded shortly after surgery (P = 0.036 and P = 0.015, respectively).
A total of 9 anastomosed sites were observed in 8 patients (ileo-ileal anastomosis at 2 sites and ileocolonic anastomosis at 7 sites). During the follow-up CE, observation was possible at all anastomosed sites, revealing active ulcers at 6 sites (66.7%), and scarring of the ulcers at 2 sites.
Of the 4 patients who underwent ileostomy, 3 had a total LS of 135 (corresponding to the active stage of the disease) according to the CE findings shortly after surgery. Of these 3 patients, only 1 was rated as having active disease at the time of follow-up.
When the total LS at the time of follow-up was compared with the total LS shortly after surgery (ΔLS) in each patient, there were 5 patients in whom the score had increased by 100 or more (rated as progressive recurrence), 5 patients in whom the score decreased by 100 or more (rated as improved), and 3 patients in whom the score changed by -99 to +99 (rated as unchanged) (Figure 3). Figure 4 is a graphical comparison of the changes in total LS between the 9 patients who received postoperative anti-TNFα antibody treatment and the 4 patients who were not given anti-TNFα antibody. In the anti-TNFα antibody treatment group, the change was rated as progressive recurrence in 4 patients, improved in 4 patients, and unchanged in 1 patient. In the group without anti-TNFα antibody treatment, the change was rated as progressive recurrence in 1 patient, improved in 1 patient, and unchanged in 2 patients. Thus, in this study, the change in LS did not differ according to the presence or absence of the postoperative use of anti-TNFα antibody.
Ileocolonoscopy was also performed on all 6 patients who underwent ileocolonic resection. According to the RS, 3 patients (50%) showed endoscopic recurrence in the neo-terminal ileum and the ileocolonic anastomosis (Table 3). The mean ulcer LS of the follow-up CE in the distal tertile were 0, 217  116.7, and 295  157.6 in patients with Rutgeerts scores (RS) of 0, 1, and 2, respectively. The assessment results for the presence or absence of endoscopic recurrence based on RS were consistent with those based on LS in 4 (67%) of 6 patients. In Case 3, (1 of the 2 patients with inconsistent assessment results), recurrence was determined via LS, whereas no recurrence was determined by via RS because only a limited area of the neo-terminal ileum was observable by using ileocolonoscopy. In Case 4, the total LS was high shortly after surgery and showed improvement 6 mo later. However, recurrence was determined via RS because some lesions remained in the neoterminal ileum.

DISCUSSION
To our knowledge, this study was the first to attempt to evaluate small bowel lesions by using CE in patients shortly after surgery for CD. We believe that the evaluation of the presence/absence and severity of lesions in the entire residual small bowel shortly after surgery for CD could be an important step in postoperative endoscopic surveillance.
In patients with CD, intestinal complications such as obstruction, stenosis, abscess, fistula, and perforation, often serve as surgical indications[17]. These factors also make it difficult to perform a sufficient preoperative evaluation of the distribution and severity of small bowel lesions. As a result, surgeons are sometimes forced to check for the presence of lesions macroscopically during open abdominal surgery. In a previous study where intraoperative endoscopy was used to observe the entire small bowel in a retrograde manner from the distal end of the dissected intestine, lesions such as edema, redness, and ulcers were observed in 65% of all cases, and more than half of these lesions were not detected using preoperative radiography or surgical inspection of the serosal surface[18]. Thus, it has been reported that even when the surgical resection was considered radical or curative, the possibility of the presence of residual lesions was not low[19].
Bearing this in mind, we performed CE shortly after surgery (17 d after surgery on average) in patients with CD who had been intraoperatively judged to have no evident residual lesions in the small bowel. This evaluation revealed that lesions such as edema, ulcers, stenosis, aphthae, and erosions were already present in the entire residual small bowel shortly after surgery, enabling a judgment of an active stage of the disease based on the total LS in 77.8% of all patients.
Among others, the ulcer LS was particularly high in the distal tertile (corresponding to the neoterminal ileum, which is most likely to develop postoperative recurrence) shortly after surgery. This result appears to reflect the influence of ulcerous lesions left unresected during surgery and the presence of ulcers that developed in the anastomosed site. CE shortly after surgery revealed ulcers at anastomosed sites in 83.3% of the patients who underwent anastomosis. In the past, ulcerous lesions at the anastomosed sites detected using ileocolonoscopy at 6–12 mo after surgery were considered to represent a recurrence of CD[5]. However, our findings from CE shortly after surgery suggested that the ulcers at the anastomosed sites do not represent lesions recurring at a certain time after the surgery but are formed at a very early period after the surgery, due to factors such as responses of the anastomosed site to suturing or a disturbed blood flow[7, 20], which could, in some cases, persist for an extended duration without complete healing. Furthermore, in using CE shortly after surgery, we found ulcers that formed at the site of the ileo-ileal anastomosis after partial small bowel resection (a site that is difficult to evaluate via ileocolonoscopy), indicating that CE is also useful in evaluating such lesions.
Even when ulcers and stenosis at the anastomosed sites were excluded, the total LS in 44.4% of all patients corresponded to the active stage. Although we cannot completely rule out that these small bowel lesions represent new lesions that developed shortly after surgery, it appears likely that many of these lesions are residual lesions that were left unresected during the operation. According to many of the recently published reports, the judgment about the presence of endoscopic recurrence after surgical treatment of CD is based on the evaluation of the neoterminal ileum via ileocolonoscopy at 6–12 mo after surgery. However, the term “recurrence” can be used only in cases where the lesions had been completely resected during surgery and remission was endoscopically demonstrated. Although checking for the absence of lesions at the ileal end using intraoperative endoscopy has also been proposed[7], it is not practically feasible to resect all active lesions detected via intraoperative endoscopy, due to the prevailing principle for the surgical treatment of CD (i.e., the extent of resection should be minimized by focusing on the major lesions). Therefore, it could be hypothesized that many lesions are left unresected during surgery, as shown by the results of the present study.
The ulcerous lesions detected via CE shortly after surgery were also often observed at the follow-up CE performed 6-8 mo later, regardless of the postoperative treatment used to prevent recurrence. The ulcer LS in the distal tertile showed no significant changes at the follow-up from the score recorded shortly after surgery. In view of the reports published to date, it is beyond doubt that the anastomosed site and the neoterminal ileum are the primary sites for postoperative recurrence. However, the possibility remains that the lesions detected at these sites could include diverse lesions not confined to true recurrent lesions that developed after surgery, for example, residual lesions that were left unresected during surgery (which either became aggravated or remained unchanged after surgery) or anastomotic ulcers that formed shortly after surgery and persisted.
The inflammatory lesions detected via CE shortly after surgery were observed in both the proximal and distal parts of the small bowel at a similar frequency. In the past, the frequency of proximal small bowel lesions in patients with CD was reported to be approximately 5%[21]. However, this frequency was based on radiographic diagnosis, and the use of CE has resulted in the detection of lesions in the proximal small bowel at a frequency of approximately 50%[22]. Furthermore, in a study involving CE in patients with CD at 3–6 mo after ileocolonic resection, a similar frequency (50%–56%) of proximal small bowel lesions was reported[12], in accordance with the results from the present study. According to a previous report, lesions found in the proximal small bowel are unlikely to be associated with clinical symptoms[22]. However, CD cases in which lesions developed in the proximal small bowel postoperatively have been reported, although the frequency of these lesions is not certain[23]. In the future, a long-term prospective survey with the use of CE may reveal the clinical significance and the natural history of the lesions found in the proximal small bowel after surgery for CD.
To date, only 3 reports have been published on the CE evaluation of recurrent small bowel lesions during the early postoperative period in CD patients[12-14]. In all 3 reports, the evaluation of endoscopic recurrence within 1 year after ileocolonic resection was performed by comparing the findings from ileocolonoscopy and CE; however, no consensus was reached regarding the usefulness of CE. In these studies, CE evaluation was done at only 1 time point after surgery. For an accurate evaluation of recurrent lesions after the surgical treatment of CD, it is necessary to repeat the test at multiple time points and, beginning shortly after surgery. With this in mind, we carried out CE at 2 time points (soon after surgery and half a year after surgery) and evaluated recurrence on the basis of changes in CE findings from the baseline to the second CE session. Patients showing a marked increase (by 100 or more) in the total LS during this period were rated as having “progressive recurrence” (the development of new lesions or aggravation of residual lesions). With this evaluation method, endoscopic progressive recurrence was noted in 5 of the 13 patients (38.5%), including 4 patients who received postoperative treatment with anti-TNFα antibody, a therapy previously reported to be highly effective in suppressing postoperative recurrence. This discrepancy in the results between the present study and the previously reported studies may be due to the following factors: (1) CE can be used to evaluate not only the neoterminal ileum but also the lesions remaining througout the entire small bowel; (2) CE can be used to detect edema as a lesion, but edema is not covered by the Rutgeerts score; (3) the present study included patients who had used anti-TNFα antibody before surgery; and (4) the present study included patients who underwent ileostomy. 
Our study had a limited number of patients in whom direct comparisons could be performed between the endoscopic recurrence results determined using RS based on ileocolonoscopy and LS based on CE. However, it was suggested that CE performed at multiple time points could enable a more objective diagnosis of postoperative endoscopic recurrence of CD than ileocolonoscopy, especially in patients with several residual inflammatory lesions shortly after surgery or those with lesions located outside the ileocolonoscopy. A similar study needs to be conducted in a larger number of patients.
In the present study, CE enabled the evaluation of small bowel lesions not only in patients who underwent ileocolonic resection but also in those who underwent partial ileal resection or ileostomy. Moreover, a previous study reported that in patients who underwent ileostomy, ileoscopy through the stoma revealed endoscopic recurrence in 70% and clinical recurrence in approximately one-third of all patients[24, 25]. Therefore, CE appears to be a useful tool for the diagnosis of endoscopic postoperative recurrence in patients who underwent these operative procedures.
This study has several limitations. First, we used the LS as a scoring index for the CE evaluation of inflammatory small bowel lesions. The LS has been reported to have a higher correlation with fecal calprotectin (a marker of intestinal inflammation) than with the capsule endoscopy Crohn’s disease activity index[26]. However, it is unknown, whether the LS is the optimal index for the evaluation of the postoperative recurrence of CD. The LS system involves the assessment of 3 factors: edema, ulcer, and stenosis. However, this scoring index assumes a high score in cases where edema is intense. Because edema could be a nonspecific sign of an inflammation that is not associated with CD, it remains controversial whether patients presenting with edema as a major symptom could be judged as having residual or recurrent lesions. Furthermore, aphthae, a factor evaluated in the Rutgeerts scoring system, is not evaluated in the LS system. In our evaluation, the number of aphthae and erosions detected at the second CE session (6 mo after surgery) was higher than that recorded shortly after surgery. This issue needs to be addressed further, as does the necessity of developing a new and more specific index for CE evaluation after surgery for CD.
In the present study, no adverse events, such as capsule retention, occurred. However, according to a report by Pons et al[13], passage failure of the patency capsule was seen observed in 8% of the stenosed cases where the test was conducted at 6–12 mo after surgery. Such events need to be carefully monitored. In the present study, it was not possible to use the patency capsule because it has not been approved in Japan. In the future, it will be necessary to establish a safer testing procedure that, includes the use of a patency capsule prior to CE.
CD patients who require surgery despite a previous strict medical treatment may be viewed as having a high disease activity. It is therefore essential to identify patients who require postoperative treatment aimed at preventing recurrence, and to provide therapeutic intervention with appropriate timing. In cases where ileocolonoscopy reveals recurrence within 1 year after surgery, the risk for subsequently developing clinical recurrence is high[5], and such patients would likely be indicated for prophylactic treatment with biological agents[10,27]. The question remains as to which postoperative treatment should be selected for patients in whom the total LS indicates a high disease activity, as evaluated via CE shortly after surgery. 
It is currently unknown whether the severity of inflammatory small bowel lesions detected using CE shortly after surgery is associated with a risk of subsequent clinical recurrence. However, lesions that remain in the small bowel after surgery can be viewed as being resistant to preoperative medical treatment even when the lesions may not be severe enough to require surgery. Therefore, continuing the preoperative treatment in such patients after surgery will not result in mucosal healing of the residual lesions. When dealing with patients with high disease activity detected via CE shortly after surgery, it may be advised to immediately apply active treatment with anti-TNFα antibody and other medications aimed to prevent clinical recurrence. The clinical observation of CE findings over a longer duration is required to evaluate the relationship between CE findings and the postoperative clinical course of CD.
In a conclusion, CE enabled the evaluation of residual lesions throughout the entire small bowel shortly after surgery, regardless of the operative procedure applied. Comparing the CE findings collected at multiple time points after surgery with the CE findings at baseline (shortly after surgery) may enable an objective evaluation of true endoscopic recurrence, the natural history of CD after surgery, and the efficacy of the prophylactic treatment postoperative recurrence.
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COMMENTS
Background
After surgery for Crohn’s disease (CD), patients often develop endoscopic inflammatory lesions before clinical recurrence occurs. The current gold standard for the evaluation of postoperative endoscopic recurrence is to perform ileocolonoscopy. However, authors cannot rule out the possibility that the inflammatory lesions detected by ileocolonoscopy in the neoterminal ileum within 1 year after surgery represents lesions that were left unresected during the operation rather than new lesions that developed after surgery. It is essential to establish a diagnostic technique that enables the precise judgment about the presence of postoperative recurrence.

Research frontiers
The usefulness of capsule endoscopy (CE) in diagnosing recurrent small bowel lesions after surgery for CD has not yet been sufficiently established. In this prospective study that included 19 patients who underwent ileocolectomy or partial ileal resection for CD, CE was performed 2–3 wk after surgery and was repeated after 6–8 mo, and the findings were compared to judge the presence of progressive recurrence.

Innovations and breakthroughs
This study revealed that many inflammatory lesions were already present throughout residual small bowel shortly after surgery for CD, thus indicating of an active stage of the disease on the basis of the total Lewis score in 77.8% of the patients. The authors concluded that the CE findings shortly after surgery can be used as a baseline for comparison against the findings from additional CE sessions over time and that this method can be used to objectively evaluate the postoperative recurrence of small bowel lesions after surgery for CD.

Applications
CE was safe, well tolerated and useful in the evaluation of entire small bowel after surgery for CD, regardless of the operative procedure applied. Comparing the CE findings collected at multiple time points after surgery with the CE findings at baseline (shortly after surgery) may enable an objective evaluation of true endoscopic recurrence, the natural history of CD after surgery, and the efficacy of the prophylactic treatment postoperative recurrence.

Terminology
CE: CE is a diagnostic imaging device for the small bowel. CE has been shown to be superior over other radiologic and endoscopic modalities, in terms of the effectiveness in diagnosing small bowel lesions associated with the non-structuring type of CD. Lewis score: Lewis score is the scoring index to quantify the inflammatory small bowel lesions detected via CE.

Peer review
This is an interesting study evaluate the use of CE soon after surgery and half year later. It provides important information about the history of small bowel Crohn's disease.
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Figure 1 Lewis score (median and quartile) for each tertile of the residual small bowel, divided into 3 equal portions on the basis of the capsule endoscope transition time shortly after surgery. A: Total Lewis score (LS) (edema + ulcer + stenosis scores); B: LS for edema; C: LS for ulcers. n.s.: Not statistically significant difference (Mann-Whitney U test).

Figure 2 Number of aphthae or erosions across tertiles soon after surgery (median and quartile). 

Figure 3 Changes over time in the total Lewis score from the time shortly after surgery to 6-8 mo later (n = 13). The total Lewis score (LS) increased by 100 or more (corresponding to progressive recurrence) in 5 patients, decreased by 100 or more (improved) in 5 patients, and changed by -99 to +99 (unchanged) in 3 patients.

Figure 4 Changes in the total Lewis score from shortly after surgery to 6-8 mo later, analyzed in relation to the postoperative treatment. A: In the anti-tumor necrosis factor (TNF) α antibody treatment group (n = 9), the rating was progressive recurrence in 4 patients, improved in 4 patients, and unchanged in 1 patient; B: In the group without anti-TNFα antibody treatment (n = 4), the rating was progressive recurrence in 1 patient, improved in 1 patient, and unchanged in 2 patients.
 

Table 1 Clinical characteristics of patients (n = 19)
	Characteristics
	Statistics

	Age (yr)
	37.6 ± 10.2

	Gender (male/female)
	14/5

	Duration of CD (yr)
	13.5 ± 10.6

	Smoking (yes/no)
	2/17

	Disease location
	

	Ileum only
	4

	Ileum and colon
	15

	Disease behavior (B1/B2/B3)
	2 / 6 / 11

	Surgical resection (times)
	

	1
	6

	2
	13

	Type of surgery
	

	Ileocolonic resection
	16

	Partial ileal resection
	3

	Ileostomy
	7

	Length of the residual small intestine (cm)
	455  52

	Preoperative medications
	

	Mesalamine
	15

	Elemental diet
	12

	Corticosteroids
	6

	Immunomodulators
	1

	Anti-TNFα antibody
	4


[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Data are shown as the mean ± SD or number. Disease behavior was rated according to the Montreal classification: B1: Nonstricturing, nonpenetrating; B2: Stricturing; B3: Penetrating; TNF: Tumor necrosis factor; CD: Crohn’s disease. 


Table 2 Changes in capsule endoscopy findings from shortly after surgery to 6-8 mo later
	
	CE shortly after surgery
	CE 6-8 mo later
	P-Value

	Total LS
	215 : 168 (8-562)
	196 : 143 (8-450)
	ns

	Activity
	
	
	ns

	
	No disease: 2
	No disease: 4
	

	
	Mild disease: 11
	Mild disease: 9
	

	Edema LS
	
	
	

	Proximal
	40.6 : 8 (0-168)
	36.3 : 8 (0-112)
	ns

	Mid
	48 : 0 (0-280)
	9.8 : 0 (0-112)
	ns

	Distal
	31.4 : 0 (0-168)
	27.1 : 0 (0-112)
	ns

	Ulcer LS
	
	
	

	Proximal
	10.4 : 0 (0-135)
	41.5 : 0 (0-135)
	ns

	Mid
	57.7 : 0 (0-300)
	38.1 : 0 (0-225)
	ns

	Distal
	133.8 : 135 (0-450)
	118.8 : 0 (0-450)
	ns

	Aphthae/erosion (number)
	
	
	

	Proximal
	3.2 : 1 (0-12)
	4.9 : 2 (0-17)
	ns

	Mid
	2.1 : 2 (0-9)
	10.5 : 3 (0-40)
	0.036

	Distal
	1.6 : 1 (0-4)
	8.1 : 5 (0-18)
	0.015



Data are expressed as mean: median (range) or the number of patients. LS: Lewis score. Endoscopic disease activity: no disease (total LS <135) and mild disease (135–790). ns: Not statistically significant; CE: capsule endoscopy; CD: Crohn’s disease; LS: Lewis score.



Table 3 Comparison of postoperative endoscopic recurrence detection by ileocolonoscopy and capsule endoscopy in 6 patients who underwent ileocolonic resection

	Cases
	ileocolonoscopy
	capsule endoscopy

	
	Rutgeerts score
	Ulcer LS:
6-8 mo later
(distal tertile)
	A: Total LS
shortly after surgery
	B: Total LS:
6-8 mo later
	ΔLS
(B-A)

	1
	0
	0
	135
	8
	-127

	2
	1
	135
	278
	135
	-243

	3
	1
	300
	135
	412
	277
(recurrence)

	4
	2
(recurrence)
	135
	308
	142
	-166

	5
	2
(recurrence)
	300
	135
	300
	165
(recurrence)

	6
	2
(recurrence)
	450
	300
	450
	150
(recurrence)



ΔLS: Changes in total LS from shortly after surgery to 6-8 mo later. LS: Lewis score.
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