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Abstract

AIM: To characterize small bowel (SB) tumors detected by capsule endoscopy (CE), and identify missed.
METHODS: The study includes 145 consecutive patients in whom 150 CEs were performed. Following CE, the medical records of the study population were reviewed. Results of double or single – balloon enteroscopies that were performed after CE and results of surgery of all patients operated on were retrieved. The patients were contacted through telephone interviews or postal mail. Additionally, the National Cancer Registry and the Polish Clinical Gastrointestinal Stromal Tumor (GIST) Registry were searched to find missed neoplasms.
RESULTS: Indications for CE included overt and occult obscure gastrointestinal bleeding (n = 81, 53.7%), anemia (n = 19, 12.7%), malabsorption (n = 18, 12%), abnormal CB follow through (n = 9, 6%), abdominal pain (n = 7, 5%), celiac disease (n = 5, 3%), neuroendocrine tumor (n = 3, 2%), Crohn’s disease (n = 2, < 2%), Peutz-Jeghers syndrome (n = 2, < 2%), other polyposes (n = 2, < 2%), and diarrhea (n = 2, < 2%). The capsule reached the colon in 115 (76.6%) examinations. In 150 investigations, CE identified 15 SB tumors (10%), 14 of which were operated on or treated endoscopically. Malignancies included metastatic melanoma (n = 1), adenocarcinoma (n = 2), and GIST (n = 3). Benign neoplasms included dysplastic Peutz-Jeghers polyps (n = 4). Non-neoplastic masses included venous malformation (n = 1), inflammatory tumors (n = 2), and a mass of unknown histology (n = 1). During the follow-up period, three additional SB tumors were found (2 GISTs and one mesenteric tumor of undefined nature). The National Cancer Registry and Polish Clinical GIST Registry revealed no additional SB neoplasms in the post-examination period (follow-up: range 4.2 – 102.5 mo, median 39 mo). The sensitivity of CE for tumor detection was 83.3%, and the negative predictive value was 97.6%. The specificity and positive predictive value were both 100%.

CONCLUSION: Neoplasms may be missed by CE, especially in the proximal SB. In overt OGIB, complementary endoscopic and/or radiologic diagnostic tests are indicated.
© 2013 Baishideng. All rights reserved.
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Core tip: The aims of this study were to characterize small bowel (SB) tumors detected by capsule endoscopy (CE) and identify SB tumors missed by CE. The study includes 150 consecutive CE investigations. Following CE, the medical records of the study population were reviewed and the patients contacted by telephone or postal mail. National cancer registries were searched to find missed neoplasms. CE detected 15 SB tumors (10%). During the follow-up period, three additional SB tumors were found. The sensitivity of CE for tumor detection was 83.3% and the negative predictive value 97.6%. The specificity and positive predictive value were both 100%.
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INTRODUCTION
Capsule endoscopy (CE) has become a first-line diagnostic tool in obscure gastrointestinal bleeding (OGIB) when the small bowel (SB) is a suspected source. Compared with push enteroscopy (PE), which is performed to establish the source of bleeding, CE detects more than twice as many clinically-significant abnormalities (56% vs. 26%), whereas any abnormalities are detected in 63% with CEs vs. 28% with PEs[1]. Balloon assisted enteroscopy (BAE), most often double-balloon enteroscopy (DBE), is performed following both a negative CE or as a complementary procedure guided by the CE findings. Initial studies suggested that CE and DBE have a comparable diagnostic yield in patients with suspected SB disease, including OGIB, when the whole SB is visualized[2]. Now evidence is growing that CE misses a significant number of lesions detected on enteroscopy[3,4]. In a recent meta-analysis, the yield of DBE after previously-negative CE was 27.5%[5]. Nevertheless, CE remains the preferred initial diagnostic test because of its noninvasiveness, better tolerance, and ability to view the entire SB.

SB tumors are source of bleeding in some patients with OGIB, particularly younger patients. In large series of patients undergoing CE, SB tumors were found in 2.4% (Rondonotti et al[6]), 8.9% (Cobrin et al[7]), 6.3% (Bailey et al[8]), and 4.3% (Cheung et al[9]) of cases. Malignant tumors were found in 4.2%, 4%, and 2.7% of patients, respectively. In a multicenter Belgian study, the percentage of malignant tumors was 2.5%[10]. The percentage of DBE procedures detecting SB tumors is higher than with CE, increasing up to 12% (27 out of 225 patients in Choi et al[11]) and up to 13.9% in the largest series described, comprising 1035 Japanese patients of whom 42.4% were examined because a SB tumor was suspected[4].

A retrospective review of 183 cases in which DBE was performed at 7 North American centers found that DBE identified SB tumors in 15 patients who had prior CE, whereas lesions were found by CE in only 5 patients, and all 4 cases of primary adenocarcinoma were missed by CE[3].
We performed a retrospective study to characterize SB tumors detected in consecutive patients who had CEs performed at our center. The second aim of the study was to identify any SB tumors missed by CE in these patients.

MATERIALS AND METHODS

Results of all consecutive CE examinations (PillCam SB1, Given Imaging, Israel) , which were assessed by two readers between March 2003 and July 2009 at a single center, were reviewed and categorized. In a standard evaluation, CE findings were further classified as negative or positive. Positive findings were also classified as clinically significant or insignificant lesions. Clinically significant lesions included angioectasias, tumors or polyps ≥ 10 mm, active bleeding, blood clots, diverticula, mucosal breaks, and features consistent with celiac disease. Clinically insignificant lesions included red spots, white spots, erythema, focal atresia of villi, or small polyps. 
As CE allows for only an approximate estimation of polyp sizes, a cut-off polyp diameter of 10 mm was used; this size is an accepted indication for polyp resection in patients with polyposis syndromes.

The preparation for CE included fasting from lunchtime and ingesting 3 L of glycol polyethylene the day before the examination. The patients ingested the capsule in the morning with 50 mL of water and 0.5 mL of simethicone (Espumisan, Berlin Chemie, Poland). The patients were allowed to drink more water no earlier than 2 h after capsule ingestion and eat no earlier than 4 h after capsule ingestion.

Follow-up data were obtained by reviewing hospital case notes. Results of push, double-balloon, single-balloon, and intraoperative enteroscopies that were performed following CE, and the results of any surgery performed were retrieved. Following the analysis of records, an attempt to contact the patients by phone or mail was made using a standardized interview. The questions referred to any serious diseases diagnosed following CE, including cancer, and operations performed. 
Finally, the National Cancer Registry and the Polish Clinical Gastrointestinal Stromal Tumor (GIST) Registry were searched to identify any neoplasms possibly missed in the study population. 

The study was approved by the institutional review board in accordance with the guidelines of the Declaration of Helsinki revised in 1989.

RESULTS
Over the study period, 145 patients underwent 150 CEs. The characteristics of patients, including the indications for CE, are presented in Table 1. The most frequent indication for performing the procedure was OGIB (81 patients; 53.7%), which was occult in 23 patients (15.3%) and overt in 58 (38.4%).
The capsule reached the colon in 115 (76.6%) examinations. CE revealed no abnormalities in 29 (19.3%) procedures, was abnormal and clinically significant in 82 (54.6%), and abnormal but insignificant in 37 (24.7%) procedures. No conclusions were drawn in 2 cases (1.3%). In the initial studies, the cleansing conditions were not routinely assessed by the reader, so this parameter could not be reported for the whole study population. The results of the 150 procedures are shown in Table 2. 
Tumors ≥ 10 mm were indentified in 15 patients (10%). Fourteen tumors were surgically or endoscopically resected. The characteristics of these patients are presented in Table 3. Of the 14 resected tumors, 6 were malignant (4%), 4 were benign (2.6%), and 3 were non-neoplastic (2%) and the precise histology of one non-malignant tumor was not retrieved. The most frequent indication for CE that resulted in tumor detection was overt OGIB (6 patients). 
Longer follow-up was available for 139 patients (95.8%). Sixteen patients died (11%). In 6 patients (4.1%), the medical records were unavailable or the patient could not be contacted by phone or mail. However, they were included in the registries searches. The median observation time of the living patients in whom the follow-up was performed was 39 mo (n = 124, range 4.2 to 102.5 mo). 

It was established that CE missed 2 SB gastrointestinal stromal tumors (GISTs) and one SB mesenteric tumor. All three patients underwent CE because of overt OGIB.
In one patient, PE up to the ligament of Treitz was performed before CE and duodenal lymphangiectsias were seen. CE examination was complete and normal, but the cleansing of distal SB was poor. Following CE, CT angiography was performed and active SB bleeding was observed in the right midabdomen and a lesion within the ileocecal artery was suggested. The immediate operation revealed bleeding in Meckel’s diverticulum, but also a non-bleeding jejunal 4-cm GIST that was 15 cm behind the ligament of Treitz. The mucosa covering the tumor was normal.
In the second patient CE was complete but the SB cleansing was poor. On CE a diverticulum in the left midabdomen was seen. Subsequent laparoscopy revealed a 4-cm SB tumor that appeared to be a GIST. Unfortunately, the exact tumor location was not assessed. This patient did not undergo enteroscopy.
In the third patient, upper DBE was performed before CE and 150-170 cm of SB inspected. Upon withdrawal, a small clot firmly attached to the mucosa in the proximal jejunum. A possibly iatrogenic lesion was suspected and argon plasma coagulation performed. No other abnormalities were detected. Subsequent CE was complete and normal, but contrast abdominal CT performed 11 mo later revealed a mass located between the pancreatic head and duodenum.

On laparotomy, a diagnosis of a non-resectable mesenteric tumor was made, but intraoperative cytology and later histology did not confirm neoplastic disease. After 6 mo of observation without progression of the disease, the patient was lost to follow-up.
Additionally, the National Cancer Registry and the Polish Clinical GIST Registry were searched for 144 patients (99.3%) whose national identity number was available, and this search did not identify any other (missed) SB neoplasms during the post-examination period. A plasmocytoma was diagnosed 14 mo following a normal CE in a female who had the procedure because of occult OGIB; this patient died 4 mo following the cancer diagnosis. 
Based on these data in a per patient analysis the sensitivity of CE for tumor detection was 83.3% and the negative predictive value was 97.6%. The specificity and positive predictive value were 100% each.
DISCUSSION
We performed a retrospective study of consecutive patients who underwent CE at our center for different reasons. Then, we followed these patients and found three tumors missed by CE. To the best of our knowledge, this is the first study with such a specific, tumor-oriented follow-up. The percentage of tumors found in our study (10%) was higher than in other CE series, which may be explained by the strict selection of patients who undergo CE at our center[6-10]. This may be the result of a lack of reimbursement for CE by the national health care system. OGIB, for which CE had the highest diagnostic yield, was the indication for CE in 81 (53.7%) examinations in our series and CE resulted in tumor detection in 9 OGIB patients (11.1%). The diagnostic algorithm included an upper and lower endoscopy and push enteroscopy. The latter was performed in 35 (24.1%) patients before CE and was negative, which eliminated proximal intestinal vascular abnormalities, making a tumor diagnosis more likely. In the studies which analyzed only OGIB patients, a SB mass was found in 10%[12] and 7.18%[13] of cases. In the CE results study by Cobrin et al[7], SB tumors were detected in 9% of patients with OGIB and the number of OGIB patients in the other CE series cited was not given.

In our study, the median follow-up was slightly over 3.2 years (39 mo). This seems sufficient for a serious symptomatic diagnosis, which might have been missed by CE, to be made during complementary investigations. 

During follow-up, we found two cases of GIST in the SB that were not detected by CE. Both lesions were diagnosed intra-operatively. The first lesion was located in proximity of Treitz’ ligament; the mucosa covering the tumor was normal and the source of active bleeding was Meckel’s diverticulum. Thus, one might suppose that this tumor would not be recognizable on CE. The exact location of the second GIST could not be given precisely. Notably, the bowel cleansing for CE in these two patients was poor.

The third missed lesion was first found on contrast CT, and was located in the proximal SB. This is in concordance with observations made by others. Postgate et al described 5 significant lesions missed by CE that were found using other imaging modalities (DBE in 3 patients, CT enterography [CTE], and magnetic resonance enterography [MRE] in the 2 remaining patients); 4 of which were located in the proximal jejunum[14]. Chong et al described 4 tumors in the proximal ileum that were missed by CE but found with DBE[15]. This particular location, where many lesions were missed, may be partly explained by a rapid transit of the capsule through the duodenum and the proximal jejunum that enhances the risk of missing a lesion in the proximal SB. 
The complementary role of DBE in CE-positive and CE-negative patients is widely accepted. Among our patients, the first with GIST underwent PE that did not reach the segment with the tumor. The second patient with GIST did not undergo enteroscopy. In the third patient, DBE included the involved segment but failed to provide a diagnosis.
Radiological imaging is more readily available than BAE and remains the next diagnostic step at many centers. With respect to conventional radiological SB imaging, CE is superior in diagnosing mass lesions. A small study comparing CE to barium enterography in children with Peutz-Jeghers syndrome (PJS) showed that polyps with a diameter of 10 mm and more were detected with similar frequency with both modalities, but CE indentified significantly more polyps < 10 mm[16]. The performance of CE compared with newer radiological SB imaging is still a subject of debate. The first study comparing CE and magnetic resonance imaging (MRI) in patients with PJS (4 patients) or familial adenomatous polyposis syndrome (FAP, 16 patients) showed that smaller polyps were seen much more often with CE, whereas polyps larger than 15 mm were detected at similar rates with both CE and MRI[17]. A subsequent study performed in 19 PJS patients showed, however, that CE missed large polyps (> 15 mm) detected on MRE in three patients, suggesting that the MRE may be less prone to miss large polyps and more reliable in their size assessment[18]. With regard to CTE, both CE and CTE were performed in 32 patients with OGIB described in a retrospective study by Khalife et al[19]. When CTE followed CE, it helped to identify tumors not detected by CE (n = 2) and excluded suspected tumors (n = 3). In another retrospective study of 17 patients with SB tumors who had both CE and CTE, CE detected SB tumors in 6 patients and CTE in 16, with a significant difference in the sensitivity of the two methods[20]. In a prospective comparison of CTE and CE in 58 patients with OGIB, the sensitivity of CTE for detecting SB bleeding sources and SB masses was significantly greater than that of CE[21]. In our study, (angio)CT followed CE and helped to establish the source of bleeding in two patients. 
The risk of rebleeding in 42 patients with OGIB and negative CE was first evaluated by Macdonald et al[22] who observed bleeding episodes in only 2 overt OGIB patients during 17.3 mo of follow-up. Subsequently, Park et al[23] observed 57 OGIB patients, of whom 46 had overt OGIB, for a median time of 31.7 mo. They found a substantial cumulative rebleeding rate of 35.7% in CE-negative patients, recommending further investigation or close observation of such patients[23]. The results of these studies suggest that following a negative CE, overt OGIB patients were the most likely to benefit from further investigation. 
In summary, in patients with overt OGIB and normal or insignificant CE, the risk of missing a lesion in SB cannot be underestimated. In our opinion, BAE should be the next diagnostic tool used when symptoms strongly suggest that the source of bleeding is located in the SB. In the remaining cases, or when BAE is not easily available, CT or MRI seem to be a rational choice in further evaluations. According to the most recent studies, CT or MRI enterography may be the best choice. Laparotomy remains a diagnostic option when these tests are normal or not available, with the advantage of therapeutic possibilities.
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Background

Capsule endoscopy (CE) has become a first-line diagnostic tool for obscure gastrointestinal bleeding (OGIB) and small bowel (SB) polyp or tumor detection, but the reliability of negative CE for excluding gross SB pathology is unclear. 

Research frontiers

SB tumors detected by CE were characterized in a retrospective cohort. At follow-up, three additional SB tumors missed by CE were identified. In patients with overt OGIB, negative CE does not exclude significant disease. 

Innovations and breakthroughs

To the best of our knowledge, this is the first study of CE with a specific, tumor-oriented, long-term follow-up. 
Applications

In patients with significant clinical symptoms, the risk of missing a lesion in SB cannot be underestimated. In overt OGIB, supplementary diagnostic methods should be used to visualize SB, including balloon enteroscopy, computed tomography, and magnetic resonance enterography.   
Terminology

CE is a method of visualizing the walls of the gut and used mainly to investigate the SB, which is difficult to access by conventional endoscopy, but also the esophagus and colon. A small, pill-like camera is ingested by the patient and moves naturally throughout the gastrointestinal tract, taking thousands of pictures. These pictures are sent to a detector connected to the patient’s skin during the examination and assessed later by a reader on the computer. The camera pill is excreted with the stool. 
Peer review

This study has the strengths of large enrollment and SB tumor-oriented follow-up. It is well written.
REFERENCES
1 Triester SL, Leighton JA, Leontiadis GI, Fleischer DE, Hara AK, Heigh RI, Shiff AD, Sharma VK. A meta-analysis of the yield of capsule endoscopy compared to other diagnostic modalities in patients with obscure gastrointestinal bleeding. Am J Gastroenterol 2005; 100: 2407-2418 [PMID: 16279893]

2 Pasha SF, Leighton JA, Das A, Harrison ME, Decker GA, Fleischer DE, Sharma VK. Double-balloon enteroscopy and capsule endoscopy have comparable diagnostic yield in small-bowel disease: a meta-analysis. Clin Gastroenterol Hepatol 2008; 6: 671-676 [PMID: 18356113 DOI: 10.1016/j.cgh.2008.01.005]

3 Ross A, Mehdizadeh S, Tokar J, Leighton JA, Kamal A, Chen A, Schembre D, Chen G, Binmoeller K, Kozarek R, Waxman I, Dye C, Gerson L, Harrison ME, Haluszka O, Lo S, Semrad C. Double balloon enteroscopy detects small bowel mass lesions missed by capsule endoscopy. Dig Dis Sci 2008; 53: 2140-2143 [PMID: 18270840 DOI: 10.1007/s10620-007-0110-0]

4 Mitsui K, Tanaka S, Yamamoto H, Kobayashi T, Ehara A, Yano T, Goto H, Nakase H, Tanaka S, Matsui T, Iida M, Sugano K, Sakamoto C. Role of double-balloon endoscopy in the diagnosis of small-bowel tumors: the first Japanese multicenter study. Gastrointest Endosc 2009; 70: 498-504 [PMID: 19555947 DOI: 10.1016/j.gie.2008.12.242]

5 Teshima CW, Kuipers EJ, van Zanten SV, Mensink PB. Double balloon enteroscopy and capsule endoscopy for obscure gastrointestinal bleeding: an updated meta-analysis. J Gastroenterol Hepatol 2011; 26: 796-801 [PMID: 21155884 DOI: 10.1111/j.1440-1746.2010.06530.x]
6 Rondonotti E, Pennazio M, Toth E, Menchen P, Riccioni ME, De Palma GD, Scotto F, De Looze D, Pachofsky T, Tacheci I, Havelund T, Couto G, Trifan A, Kofokotsios A, Cannizzaro R, Perez-Quadrado E, de Franchis R. Small-bowel neoplasms in patients undergoing video capsule endoscopy: a multicenter European study. Endoscopy 2008; 40: 488-495 [PMID: 18464193 DOI: 10.1055/s-2007-995783]

7 Cobrin GM, Pittman RH, Lewis BS. Increased diagnostic yield of small bowel tumors with capsule endoscopy. Cancer 2006; 107: 22-27 [PMID: 16736516]

8 Bailey AA, Debinski HS, Appleyard MN, Remedios ML, Hooper JE, Walsh AJ, Selby WS. Diagnosis and outcome of small bowel tumors found by capsule endoscopy: a three-center Australian experience. Am J Gastroenterol 2006; 101: 2237-2243 [PMID: 17032187]

9 Cheung DY, Lee IS, Chang DK, Kim JO, Cheon JH, Jang BI, Kim YS, Park CH, Lee KJ, Shim KN, Ryu JK, Do JH, Moon JS, Ye BD, Kim KJ, Lim YJ, Choi MG, Chun HJ. Capsule endoscopy in small bowel tumors: a multicenter Korean study. J Gastroenterol Hepatol 2010; 25: 1079-1086 [PMID: 20594222 DOI: 10.1111/j.1440-1746.2010.06292.x]
10 Urbain D, De Looze D, Demedts I, Louis E, Dewit O, Macken E, Van Gossum A. Video capsule endoscopy in small-bowel malignancy: a multicenter Belgian study. Endoscopy 2006; 38: 408-411 [PMID: 16680643]

11 Choi H, Choi KY, Eun CS, Jang HJ, Park DI, Chang DK, Kim JO, Ko BM, Lee MS, Huh KC, Han DS, Byeon JS, Yang SK, Kim JH. Korean experience with double balloon endoscopy: Korean Association for the Study of Intestinal Diseases multi-center study. Gastrointest Endosc 2007; 66: S22-S25 [PMID: 17709024]

12 Carey EJ, Leighton JA, Heigh RI, Shiff AD, Sharma VK, Post JK, Fleischer DE. A single-center experience of 260 consecutive patients undergoing capsule endoscopy for obscure gastrointestinal bleeding. Am J Gastroenterol 2007; 102: 89-95 [PMID: 17100969]

13 Estévez E, González-Conde B, Vázquez-Iglesias JL, Alonso PA, Vázquez-Millán Mde L, Pardeiro R. Incidence of tumoral pathology according to study using capsule endoscopy for patients with obscure gastrointestinal bleeding. Surg Endosc 2007; 21: 1776-1780 [PMID: 17356941]

14 Postgate A, Despott E, Burling D, Gupta A, Phillips R, O'Beirne J, Patch D, Fraser C. Significant small-bowel lesions detected by alternative diagnostic modalities after negative capsule endoscopy. Gastrointest Endosc 2008; 68: 1209-1214 [PMID: 19028234 DOI: 10.1016/j.gie.2008.06.035]

15 Chong AK, Chin BW, Meredith CG. Clinically significant small-bowel pathology identified by double-balloon enteroscopy but missed by capsule endoscopy. Gastrointest Endosc 2006; 64: 445-449 [PMID: 16923502]

16 Postgate A, Hyer W, Phillips R, Gupta A, Burling D, Bartram C, Marshall M, Taylor S, Brown G, Schofield G, Bassett P, Spray C, Fitzpatrick A, Latchford A, Fraser C. Feasibility of video capsule endoscopy in the management of children with Peutz-Jeghers syndrome: a blinded comparison with barium enterography for the detection of small bowel polyps. J Pediatr Gastroenterol Nutr 2009; 49: 417-423 [PMID: 19543117 DOI: 10.1097/MPG.0b013e31818f0a1f]

17 Caspari R, von Falkenhausen M, Krautmacher C, Schild H, Heller J, Sauerbruch T. Comparison of capsule endoscopy and magnetic resonance imaging for the detection of polyps of the small intestine in patients with familial adenomatous polyposis or with Peutz-Jeghers' syndrome. Endoscopy 2004; 36: 1054-1059 [PMID: 15578294]

18 Gupta A, Postgate AJ, Burling D, Ilangovan R, Marshall M, Phillips RK, Clark SK, Fraser CH. A prospective study of MR enterography versus capsule endoscopy for the surveillance of adult patients with Peutz-Jeghers syndrome. AJR Am J Roentgenol 2010; 195: 108-116 [PMID: 20566803 DOI: 10.2214/AJR.09.3174]

19 Khalife S, Soyer P, Alatawi A, Vahedi K, Hamzi L, Dray X, Placé V, Marteau P, Boudiaf M. Obscure gastrointestinal bleeding: preliminary comparison of 64-section CT enteroclysis with video capsule endoscopy. Eur Radiol 2011; 21: 79-86 [PMID: 20652705 DOI: 10.1007/s00330-010-1896-2]

20 Hakim FA, Alexander JA, Huprich JE, Grover M, Enders FT. CT-enterography may identify small bowel tumors not detected by capsule endoscopy: eight years experience at Mayo Clinic Rochester. Dig Dis Sci 2011; 56: 2914-2919 [PMID: 21735085 DOI: 10.1007/s10620-011-1773-0]

21 Huprich JE, Fletcher JG, Fidler JL, Alexander JA, Guimarães LS, Siddiki HA, McCollough CH. Prospective blinded comparison of wireless capsule endoscopy and multiphase CT enterography in obscure gastrointestinal bleeding. Radiology 2011; 260: 744-751 [PMID: 21642417 DOI: 10.1148/radiol.11110143]

22 Macdonald J, Porter V, McNamara D. Negative capsule endoscopy in patients with obscure GI bleeding predicts low rebleeding rates. Gastrointest Endosc 2008; 68: 1122-1127 [PMID: 19028220 DOI: 10.1016/j.gie.2008.06.054]

23 Park JJ, Cheon JH, Kim HM, Park HS, Moon CM, Lee JH, Hong SP, Kim TI, Kim WH. Negative capsule endoscopy without subsequent enteroscopy does not predict lower long-term rebleeding rates in patients with obscure GI bleeding. Gastrointest Endosc 2010; 71: 990-997 [PMID: 20304392 DOI: 10.1016/j.gie.2009.12.009]

P-Reviewers Calabrese C, Sung J          S-Editor Wen LL             L-Editor                  E-Editor

Table 1 Characteristics of the study population n (%)
	Gender, males
	71/145 (49)

	Age

(min, max)

Mean (SD)
	(8, 85)

50.1 (19.2)

	Main indication for CE1

	n = 1502

	Overt obscure bleeding
	58 (38.7)

	Occult obscure bleeding
	23 (15.3)

	Anemia
	19 (12.7)

	Malabsorption
	18 (12.0)

	Abnormal SB follow through
	9 (6.0)

	Abdominal pain
	7 (4.7)

	Celiac disease
	5 (3.3)

	Neuroendocrine tumor
	3 (2.0)

	Peutz-Jegher’s syndrome
	2 (1.3)

	Diarrhea
	2 (1.3)

	Crohn’s disease
	2 (1.3)

	Polyposis syndrome
	2 (1.3)

	
	


1Primary indication was given; 2 Capsule endoscopy (CE) was performed twice in 5 patients for the following reasons: the incomplete examination (2 patients); recurring overt obscure gastrointestinal bleeding (OGIB) in a patient with normal first examination (1 patient) and recurring overt gastrointestinal bleeding in patients with abnormal first CE result and treatment instituted (mucosal breaks, angioectasias, 2 patients).
Table 2 Results of the 150 capsule endoscopys  n (%)
	Findings
	n = 150

	Significant findings
	

	Angioectasias
	25 (16.7)

	Mucosal breaks
	20 (13.3)

	Tumor or polyp(s) ≥ 10 mm
	15 (10.0)

	Diverticula
	14 (9.3)

	Celiac disease
	5 (3.3)

	Active bleeding with no visible origin
	3 (2.0)

	Insignificant findings
	

	Erythema or red spots
	15 (10.0)

	White spots
	13 (8.7)

	Other
	7 (4.7)

	Modeling of the bowel wall
	2 (1.3)

	
	

	Normal
	29 (19.3)

	Non-diagnostic
	2 (1.3)


Table 3. Characteristics of patients with tumor or polyp(s) ≥ 10 mm detected on CE and the results of follow-up.

	No.
	Age (yr)
	Sex
	Indication

for CE
	Bleeding on CE
	CE reached the colon
	DBE result
	Surgery result
	Neoplasm


	1
	21
	F
	PJS
	-
	√
	NA
	Dysplastic Peutz-Jeghers polyp
	yes

	2
	25
	M
	Polyposis
	-
	-
	NA
	Dysplastic Peutz-Jeghers polyp
	yes

	3
	30
	M
	Overt OGIB
	-
	-
	NA
	Meckel's diverticulum
	no

	4
	36
	F
	Occult OGIB
	√
	-
	NA
	SB adenocarcinoma
	yes

	5
	37
	F
	Occult OGIB
	-
	-
	Dysplastic Peutz-Jeghers polyp in jejunum
	Not operated on
	yes

	6
	47
	M
	Malabsorption
	√
	√
	NA
	Unknown but benign
	unknown

	7
	50
	M
	Abnormal SBFT
	-
	√
	NA
	Not operated on
	unknown

	8
	53
	M
	Overt OGIB
	√
	-
	NA
	GIST
	yes

	9
	53
	M
	PJS
	-
	√
	NA
	Dysplastic Peutz-Jeghers polyp
	yes

	10
	56
	M
	Anemia, disseminated melanoma malignum
	-
	-
	NA
	Melanoma malignum metastasis
	yes

	11
	59
	F
	Overt OGIB
	√
	√
	Submucosal tumor
	Venous malformation
	no

	12
	60
	F
	Overt OGIB
	-
	√
	NA
	GIST
	yes

	13
	64
	F
	Overt OGIB
	-
	√
	NA
	SB adenocarcinoma
	yes

	14
	68
	F
	Occult OGIB
	-
	-
	NA
	Inflammatory tumor
	no

	15
	68
	F
	Overt OGIB
	-
	√
	NA
	GIST
	yes


CE: Capsule endoscopy; NA: Not applicable; DBE: Double balloon enteroscopy; OGIB: Obscure gastrointestinal bleeding; SBFT: Small bowel follow through; PJS: Peutz-Jegher’s syndrome; GIST: Gastro-intestinal stromal tumor.
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