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Abstract

:

A retrospective study in patients who underwent video capsule endoscopy (VCE) between 2006 and 2016 was conducted in the Clinic for gastroenterology and Hepatology, University Clinical Center of Serbia. A total of 245 patients underwent VCE. In 198 patients the indication was obscure gastrointestinal bleeding (OGIB), with 92 patients having overt and the other 106 occult bleeding. The remaining 47 patients underwent VCE due to suspected small bowel (SB) disease (i.e., Von Hippel–Lindau syndrome, familial adenomatous polyposis, Peutz Jeghers syndrome, Crohn’s disease, prolonged diarrhea, abdominal pain, congenital lymphangiectasia, protein-losing enteropathy, tumors, refractory celiac disease, etc.). VCE identified a source of bleeding in 38.9% of patients (in the obscure overt group in 48.9% of patients, and in the obscure occult group in 30.2% of patients). The most common findings were angiodysplasias, tumors, Meckel’s diverticulum and Crohn’s disease. In the smaller group of patients with an indication other than OGIB, 38.3% of patients had positive VCE findings. The most common indication is OGIB, and the best candidates are patients with overt bleeding; patients with IBD should be evaluated in this setting.
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1. Introduction


Video capsule endoscopy (VCE) is a diagnostic method that enables the non-invasive, direct visualization of the entire small bowel (SB). A complete exploration of the small bowel is challenging and difficult due to its length and tortuosity [1]. Standard endoscopic procedures (esophagogastroduodenoscopy, ileocolonoscopy) provide access to a small segment of the proximal and distal parts of the small bowel. Explorations using push enteroscopy or intraoperative enteroscopy are both invasive procedures that do not always allow for the visualization of lesions in the small bowel. Small bowel barium follow-through (SBFT) radiography has low sensitivity and nowadays has been mostly replaced by newer, more advanced radiological methods such as CT and MR enteroclysis/enterography. CTs and/or MR enterographies are used to assess the transmural inflammation of the intestine and have limited sensitivity for superficial lesions [2,3,4]. Together with the discovery of VCE came the development of “double balloon” enteroscopy (DBE). VCE and DBE led to a revolutionary breakthrough and significant progress in examining the SB. VCE is a simple, safe, noninvasive procedure, well-tolerated by the patient, and it is referred to as “physiological endoscopy” since the capsule moves passively, does not inflate the bowel, and records images of the mucosa in the collapsed state [5,6]. The initial VCE developed by Given Imaging (Yoqneam, Israel) was approved in Europe by the European Medicines Agency (EMA) and in the United States by the Food and Drug Administration Agency (FDA) in 2001. Since then, almost 20 years have passed, and VCE has evolved rapidly due to important technical improvements and the increased availability of equipment from different manufacturers [6].



In this article, we report 10 years of experience with VCE in the Clinic for Gastroenterology and Hepatology, University Clinical Center of Serbia, which served as the single referral center in Serbia until 2008. The main indication for the use of VCE has been obscure gastrointestinal bleeding (OGIB), as well as suspected Crohn’s disease.




2. Materials and Methods


A total of 245 VCE examinations were performed from October 2006 until March 2016 in the Clinic for Gastroenterology and Hepatology, University Clinical Center of Serbia. The main indication for VCE was obscure gastrointestinal bleeding (OBIG), while a number of patients were examined with other indications such as unexplained chronic abdominal pain, chronic diarrhea, suspected Crohn’s disease, suspected small bowel tumors, protein-losing enteropathy, Von Hippel–Lindau syndrome, familial adenomatous polyposis (FAP), Peutz–Jeghers syndrome, congenital lymphangiectasia, eosinophilic gastroenteritis, etc. OGIB is defined as a bleeding of unknown origin that persists or recurs after an initial negative upper and lower gastrointestinal endoscopy. Patients with OGIB were further classified into two categories:




	(1)

	
overt obscure bleeding if they had clinical signs of gastrointestinal bleeding (melena, hematochezia).




	(2)

	
occult obscure bleeding if there were no clinical signs of gastrointestinal bleeding in the presence of iron deficiency anemia with a positive fecal occult blood test [7].









The GIVEN Video Capsule system (Given Imaging, Yoqneam, Israel) was used with M2A/SB capsules. The real-time viewer (Given Imaging) was used from 2010 until 2016. The day before the VCE, each patient received bowel preparation with oral purge −2 L polyethyleneglycol-based solution. Intravenous metoclopramide (10 mg) was also given to all patients 30 min before swallowing the capsule. Patients were allowed to drink clear liquids 2 h and eat light food 4 h after swallowing the capsule. In pediatric patients, a capsule was delivered into the duodenum using an endoscope. The recorder of the VCE was disconnected only after the battery stopped blinking, approximately 8–11 h after capsule ingestion. Only one procedure had technical difficulties, with the capsule not becoming active after removal from the container and being replaced with another capsule. All other patients had a smooth examination.



Two gastroenterologists carried out the interpretation of images. Lesions were classified according to the Saurin score into three categories. Those having no potential for bleeding were classified as P0 lesions, those having uncertain hemorrhagic potential (such as red spots on the intestinal mucosa or small isolated erosions) were classified as P1 lesions, and those having a high potential for bleeding (such as typical angiomata, large ulcerations, tumors, or varices) were classified as P2 lesions [8].



Patients were asked to note the evacuation of the capsule, and those who were suspected of having retained the capsule (suggested by the capsule interpretation) or who were uncertain or concerned were given serial X-ray/fluoroscopic screenings at weekly intervals. Depending on the VCE finding, some patients were also followed up in the form of medical therapy (such as treatment for Crohn’s disease, a gluten-free diet, or the institution of antihelminthic therapy), surgical therapy (for tumors or Meckel’s diverticulum), or enteroscopy evaluation using a Fujinon EN-450T5 double balloon enteroscope (ulcers, polyps, or bleeding angiodysplasia). Those with negative VCE reports were followed up for one year after the VCE examination. The study was conducted in accordance with the Helsinki declaration.



In the statistical analysis, categorical data were presented as absolute and relative numbers in percentages. Numerical data were described with mean and range from minimum to maximum. For testing the difference in the distribution of nominal data categories, the chi-square test was applied. Statistical methods were considered significant for the level of 0.05. The complete analysis was performed in the statistical software IBM SPSS version 21.




3. Results


OGIB was the most common (198/245 patients; 80.8%) indication for VCE during the study period. Out of 198 patients with OGIB (109 males, 89 females, mean age 51 ± 20 (median 53; age range 3–83 years), 106 patients had obscure occult bleeding and 92 obscure overt bleeding. The median duration of symptoms was 10 months in patients with OGIB (range 1–108 months). Hemoglobin was 98.47 ± 18.51 g/L, ranging from 60 to 151 g/L (Table 1).



The overall diagnostic yield of VCE in our study was 66.2% and was calculated using all P2 and P1 lesions detected. VCE identified a source of bleeding (P2 lesions) in 77/198 (38.9%) with OGIB (occult and overt) and other SB pathologies as seen in Table 2. In the subgroups of OGIB, VCE identified a source of bleeding (P2 lesions) in 45/92 (48.9%) patients with overt bleeding and in 32/106 (30.2%) patients with occult bleeding. P1 lesions were seen in 22/92 (23.9%) patients with overt bleeding and in 32/106 (30.2%) patients with occult GI bleeding. In 25/92 (27.2%) patients with overt bleeding and in 42/106 (39.6%) patients with occult bleeding, VCE lesions were classified as P0. There was a statistically significant difference in the frequency of P2, P1, and P0 lesions between OGIB patients with occult and with overt bleeding (p = 0.025). There was a significantly larger number/percentage of P2 lesions among OGIB patients with overt bleeding, while P0 lesions were more common among OGIB patients with occult bleeding. There was a statistically significant difference in the frequency of P2 lesions between OGIB patients with occult and overt bleeding (p = 0.007). There were significantly more P2 lesions among OGIB patients with overt bleeding than among OGIB patients with occult bleeding.



A detailed analysis of underlying SB pathology is displayed in Table 3. In patients with OGIB, the most common P2 lesions in both subgroups were vascular lesions, mainly angiodysplasias localized in the small intestine (mostly in the duodenum and proximal/medial jejunum), but in two patients angiodysplasias were observed in the cecum (previous ileocolonoscopies were negative). After the capsule examination, 24 patients with angiodysplasias underwent argon plasma coagulation (APC) of lesions accessible to the DBE. After intervention, none of them had further episodes of bleeding (Figure 1 and Figure 2). The most common P1 lesions were isolated vascular lesions.



Out of 22 patients in whom the SB tumor was diagnosed, seven patients were operated on with the histological confirmation of gastrointestinal stromal tumor (GIST), as seen in Figure 3. In three patients, a neuroendocrine tumor was histologically confirmed, while two patients were diagnosed with Non-Hodgkin’s lymphoma (NHL) (Figure 4). Metastases of malignant melanoma were verified histologically in three patients (Figure 5), and in two patients histology confirmed adenocarcinoma of the proximal jejunum (Figure 6). In a single patient, VCE revealed a tumor of the medial ileum later histologically classified as leiomyosarcoma (Figure 7). Four patients, in whom tumors were diagnosed, did not accept suggested surgical exploration or further follow-up.



In 13 patients, at the level of the medial/distal ileum, we noted clear signs of the presence of two lumens, which in terms of localization and morphology corresponded best to the existence of Meckel’s diverticulum. The most common signs of MD on VCE include, as we previously reported [9], double lumen signs, visible blood, and diaphragm signs (Figure 8). The positive predictive value for diagnosing MD using VCE in our case series was 84.6%, as per our previous report [9]. In all thirteen patients the diagnosis of MD was confirmed during subsequent surgery.



In three patients, multiple aphthous and serpiginous ulcerations, typical of Crohn’s disease, were seen in the jejunum and ileum and subsequently confirmed histologically during DBE as newly diagnosed Crohn’s disease. The patient denied previous NSAID use, which is clinically relevant information because NSAIDs can induce similar mucosal lesions in the SB. An appropriate therapy was prescribed to all patients, and clinical remission was achieved (Figure 9 and Figure 10). Meckel’s diverticulum was diagnosed in one patient with Crohn’s disease.



A finding similar to the one seen in Figure 9 with multiple erosions in the jejunum and ileum, without signs of bleeding, was detected in three patients with a history of frequent NSAID use.



Mucosal atrophy and a mosaic-like mucosa—a typical finding for gluten-sensitive enteropathy—was observed in the proximal jejunum in two patients, while in one patient part of the ileum was also affected (Figure 11). In these patients, previous endoscopic and histological findings of duodenum and proximal jejunum were completely normal. The patients were put on a gluten-free diet, and they responded with complete clinical recovery and normalization in their hemoglobin level.



In one patient, a large polyp occupying ¾ of the intestinal lumen with multiple erosions was observed in the terminal ileum (Figure 12). The patient did not accept further diagnostic algorithm, the proposed surgical intervention, or further follow-up.



Active bleeding from the cecal diverticulum, which was not diagnosed during the previous ilecolonoscopy, was also observed in one subject (Figure 13).



In the group with P1 lesions there was one patient with unusual findings that included solitar venectasia (Figure 14) and parasitosis—Enterobius vermicularis, as seen Figure 15.



All patients with P0 lesions were followed up clinically for at least one year; none of them experienced a worsening of symptoms, and no other disease was diagnosed. In the majority of patients (50/67), the bleeding stopped spontaneously, while 17 patients were substituted with oral iron preparations and did not require further blood transfusions.



A detailed list of a suspected SB pathology in patients with other indications for VCE is shown in Table 4, and a diagnosed SB pathology in these patients can be seen in Table 5. In a smaller group of patients examined with VCE due to other indications, 18/47 (38.3%) had P2 lesions, six (12.7%) patients had P1 lesions, and in 23 (48.8%) patients VCE findings showed P0 lesions.




4. Discussion


VCE is a disposable, wireless, miniature camera that allows for a direct visualization of the gastrointestinal mucosa. It is a painless, noninvasive procedure, well-tolerated by patients. Originally M2A (“mouth to anus”—from mouth to anus; Given Imaging Ltd., Yoqneam, Israel), VCE was approved in 2001 by the FDA as an “aid” for the visualization of the small bowel mucosa. Then, in 2003 VCE was approved as a “first line” diagnostic tool for the detection of abnormalities of the SB [8,10]. The M2A capsule was renamed to PillCam SB (SB—“small bowel”), following the development of the esophageal video capsule (PillCam ESO) also by Given Imaging. Nowadays, several VCE are available (PillCam SB3, PillCam for Crohn’s system (Medtronic Ltd., Dublin, Ireland), EndoCapsule (Olympus Corp, Tokyo, Japan), MiRoCam capsule (Intromedics, Seoul, Republic of Korea), and the CapsoCam (CapsoVision, Inc., Saratoga, CA, USA) [10,11,12]. In our study, VCE was conducted using the M2A capsule, the Pill Cam SB, and the Pill Cam SB2.



4.1. Indications for VCE


OGIB is the main indication for VCE [13] since it attributed to 5% of all GI bleedings. OGIB is defined as persistent or recurring GI bleeding without obvious etiology after negative initial esophagogastroduodenoscopy, colonoscopy, and/or radiological evaluation of the SB (such as SBFT or enteroclysis). Based on the presence of clinically evident bleeding, OGIB is divided into occult (no visible blood) and overt (continued passage of visible blood, such as haematemesis, melaena, or haematochezia) bleeding [8]. Based on the localization, OGIB can arise in the upper (proximal to the Treitz ligament), middle (from the Treitz ligament to the terminal ileum), or lower parts (distal from the terminal ileum) of the GI tract. In more than 80% of cases, the cause is thought to lie in the small intestine and can arise from a number of conditions, including vascular lesions, tumors, Meckel’s diverticulum, and inflammatory lesions [8,9,14]. Until recently, the diagnostic algorithm for these patients was complicated and involved the application of numerous modalities, including invasive ones. VCE, as a sophisticated and elegant technology due to its non-invasiveness and good tolerance, has become the preferred diagnostic procedure in this indication worldwide, and most medical societies recommend it as the first-line method for exploring the source of OGIB in patients without obstructive symptoms [13]. VCE and balloon-assisted enteroscopy (BAE) have enabled the identification of obscure bleeding sources in the GI tract in most cases and have contributed to a major change in the diagnostic and therapeutic endoscopic approach in patients with obsure bleeding [8]. Thus, clinical guidelines from the American College of Gastroenterology (ACG) proposed that the term ‘small bowel bleeding’ should replace the previously used classification of OGIB. The term obscure is limited to patients without an identified source of bleeding after a thorough examination of the entire gastrointestinal tract, including the small bowel [15]. So far, numerous studies have shown its remarkable effectiveness in detecting the cause of bleeding originating from the small intestine [7,10,13], especially when it is applied at the moment of active bleeding. In our study the most common indication for VCE was OGIB (occult and overt) in 78% of patients.




4.2. Diagnostic Yield of VCE


The overall yield of VCE for OGIB has been reported to be in the range of 30 to 70% [16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36]. The overall diagnostic yield of VCE in our study was 66.2% that is in agreement with previously published studies. A large meta-analysis by Liao Z. et al. included 227 studies with 22,840 procedures, 66% of which were performed due to suspected small bowel bleeding. The detection rate for VCE in patients with suspected small bowel bleeding was 61% [13]. In our study the diagnostic yield, when P1 and P2 lesions are considered positive findings, for obscure/occult bleeding and iron deficiency anemia was 60.4%, which is in agreement with previously published data from Contaldo et al. [18]. In another study of 911 patients with suspected small bowel bleeding, 56% of patients had a positive definite finding on VCE, the most common one being small bowel angiodysplasias [28].



VCE has a higher accuracy of identifying small bowel pathology than barium small bowel radiography [19,26] and “push enteroscopy” [16,17,21,22,23,24]. In a randomized trial from Laine et al., 136 patients with OGIB were assigned to either VCE (n = 66) or small bowel barium radiography (n = 70). The diagnostic yield was higher for VCE compared to barium radiography (30% vs. 7%, respectively) [26]. Triester et al. included 14 observational studies in their meta-analysis that compared VCE with other tests for suspected small bowel bleeding. They estimated that the overall yield of VCE was significantly higher than that of push enteroscopy and barium studies (63% vs. 26% vs. 8%, respectively) [30] In the clinical comparative study by Ella and Remke, conventional procedures (X-ray of the small intestine, blood pool scintigraphy, Meckel scintigraphy, angiography, and “push enteroscopy”) identified only five pathological findings in 32 patients (16%), 9 findings (21%) by “push enteroscopy” and 21 findings (66%) by VCE [21]. Lewis et al. indicated that the VCE was superior to push enteroscopy, X-ray small bowel passage, and colonoscopy with retrograde ileoscopy [16]. In this analysis, VCE found a pathological finding in an average of 70% of the 530 pooled examinations. In all publications VCE has been shown to be far superior to all other diagnostic modalities [16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39]. In our study, “push enteroscopy” was performed before the capsule in 30 patients, but no positive findings were found in any patient. Enteroclysis was previously performed in 15 patients (5 X-ray and 10 CT enteroclysis), and an underlying pathology was identified in three patients—in two patients Meckel’s diverticulum and in one patient Crohn’s disease was suspected (a thickening of part of the ileal wall and lymphoid agregates were seen). All suspected finding were confirmed by VCE.



Angiography is the most successful procedure when patients have actively bleeding lesions and requires at least 0.5–1 mL/min of blood loss. Tc 99m Er-labeled scintigraphy is usually used as a first diagnostic tool since it has better sensitivity than angiography (it detects bleeding lesions with 0.1–0.4 mL of blood/min). In a study by Saperas et al., angiography was shown to have a lower detection rate of arterio-venous malformations (AVMs) compared to VCE, DBE, and intraoperative enteroscopy and an approximately high miss rate for other lesions in the small bowel that were not actively bleeding [40]. In our study, angiography was performed in six patients, and scintigraphy with technetium pertechnetate in seven patients, but the findings were negative in both procedures (including two patients in whom Meckel’s diverticulum was subsequently detected by VCE).



CT enterography has a good diagnostic yield in the evaluation of patients with small bowel diseases. However, it cannot detect subtle small bowel mucosal lesions [15]. A meta-analysis of the CT enterography results for OGIB that included 18 studies and 660 patients revealed a diagnostic yield of 40% for OGIB patients, which is in accordance with another study that confirmed the lower diagnostic yield of CT enterography compared to VCE (34% vs. 53%, respectively) [41].



In OGIB the diagnostic yield of DBE was similar to VCE [42,43]. The meta-analysis by Teshima et al. included 10 published studies involving 651 patients with OGIB, and it showed no statistically significant differences in the diagnostic yield between VCE and DBE (62% for VCE vs. 56% for DBE), while the diagnostic yield of DBE was found to be better when DBE is performed after VCE [42]. Thus, VCE can serve as a preliminary diagnostic tool in patients with small bowel bleeding, and DBE should be considered in a highly selected group. In our center, DBE has been performed since 2007, and 17 patients underwent DBE before VCE. In eight patients, the finding on the VCE was positive, while the DBE finding was negative (even in four patients in whom tumors were observed by VCE). In five patients, the findings of VCE and DBE were similar. In four patients, the finding of VCE was negative, while that of DBE was positive.




4.3. When to Perform VCE-Timing of the Procedure?


The diagnostic yield of VCE is highest when it is performed as soon as possible after bleeding is identified [28,31,35,37,38,44,45,46]. This was postulated almost 10 years ago in the study by Penazzio [31]. Patients were categorized into three groups; the diagnostic yield of VCE was highest in the group with ongoing overt bleeding (92%t) compared to those with previous overt bleeding (13%) and occult bleeding (44%). The most common findings were angiodysplasia (29%) and Crohn’s disease (6%). The authors concluded that the best candidates appear to be patients with ongoing overt bleeding or occult bleeding.



The European Society of Gastrointestinal Endoscopy (ESGE) guidelines also recommend VCE to be performed as soon as possible after a bleeding episode (within 14 days) in patients with OGIB [39]. Our results correlate with this conclusion of the above-mentioned studies. There were significantly more positive findings among OGIB patients with overt GI bleeding than among those with occult GI bleeding (48.8% vs. 30.2%). Other factors associated with an increased yield of VCE include male sex, older age, current hospitalization, transfusion requirements, and the presence of connective tissue disease [28,46].




4.4. Findings on VCE


4.4.1. Vascular Lesions


Angiodysplasias are the most common findings in patients with OGIB, with a rate of 50%, followed by inflammatory ulcers (26.8%), neoplastic lesions (8.8%), and the presence of fresh blood (7.7%) [13]. In our study, the overall yield of VCE for OGIB (i.e., yield for any small bowel findings) was 66.2%, and the most common P2 lesions were vascular anomalies, tumors, Crohn’s disease, and Meckel’s diverticulum, which is in agreement with previously reported data [13,16,22,23,24].




4.4.2. Inflammatory Bowel Disease—Crohn’s Disease


VCE can be useful in diagnosing Crohn’s disease in patients with suggestive symptoms and in patients with known Crohn’s disease in order to detect active disease or to evaluate therapy response. The overall diagnostic yield of VCE in patients with known or suspected Crohn’s disease was 55% in a meta-analysis by Liao [13]. VCE should not be used in patients with known or suspected strictures, and pre-procedure evaluation is recommended [47,48,49,50,51]. A SBFT does not necessarily exclude strictures. Capsule retention has been described in up to 13% of patients who underwent a capsule study for known Crohn’s disease, even after performing an initial small bowel study [48]. VCE retention occurred more often in patients with known Crohn’s disease compared to those with suspected Crohn’s disease (5–13% vs. 1–2%) [48,52]. Thus, it is recommended that patients with known small bowel Crohn’s disease who are at high risk of having strictures have small bowel imaging or a patency capsule study prior to VCE. The patency capsule should also be considered in patients with a history of abdominal/pelvic radiation, frequent NSAID use, and previous small intestinal surgery. In patients who are at lower risk, who have a history of small bowel Crohn’s disease, and who are asymptomatic, evaluation with computed tomographic (CT) or magnetic resonance imaging (MRI) enterography is an acceptable alternative to a patency capsule. Many studies have compared VCE with other modalities for small bowel Crohn’s disease. A meta-analysis by Dionisio et al. found that VCE had an overall yield of 50–70% for findings of Crohn’s disease. The yield was higher when compared to other diagnostic modalities, such as SBFT (22%), ileocolonoscopy (48%), push enteroscopy (8%t), or CT enterography/CT enteroclysis (31%) [53]. VCE was also compared with CT/NMR enterography in patients without small bowel strictures [54]. VCE had a sensitivity of 100% for detecting ileal Crohn’s disease, superior to CT enterography (76%) and with a trend toward higher sensitivity than MR enterography (81%). The diagnostic yield of VCE for Crohn’s disease in any portion of the small bowel did not differ significantly from the other studies, but it did detect more cases of Crohn’s disease proximal to the ileum. The study by Flamant showed that the presence of jejunal lesions detected by VCE was associated with an increased risk of a relapse [55]. We diagnosed small intestine Crohn’s disease in three patients, in whom presence of only a few small, flat, but typical aphtous ulcers could not have been diagnosed with other diagnostic modalities. Clinical remission was achieved in all patients after adequate medical treatment. An emerging role of VCE is in the assessment of mucosal healing in Crohn’s disease [56].



The interpretation of findings in patients with suspected Crohn’s disease is complicated. The unresolved and debatable questions include the following: Do all the patients with erosions and/or ulcerations have Crohn’s disease? Are these findings due to NSAID use or are they just part of the “normal” spectrum without clinical significance, as described in some studies in more than 14% of patients [57,58,59]? Part of the answer was provided by Maiden et al., who enrolled healthy volunteers in their study and demonstrated that no erosions were observed in the small intestine after 4 weeks of NSAID abstinence [59]. The impact of the VCE on the further treatment plan of these patients will also depend on the accuracy of the description of the lesions found by the VCE. The interpretation and comparison of previous reports on the diagnostic yield of VCE was limited due to the lack of a standardized and valid scoring system for describing inflammatory lesions in the small intestine (in terms of their size and severity) [60]. In order to overcome this challenge, a scoring system was offered to evaluate the mucosal inflammatory disease detected by the video capsule. This score index is included in the RAPID® 5 Access software [61].




4.4.3. Neoplastic Lesions


Primary neoplasms of the small intestine represent a rare group of tumors that account for 3–6% of all and 1–3% of malignant gastrointestinal tract tumors [30]. The diagnosis of the tumor is made relatively late, on average more than 10 months from the onset of the first symptoms. After the development of VCE, the incidence of small bowel tumors increased by 2–10% [62,63]. In patients with OGIB examined by VCE, tumors are the third most common finding after vascular and inflammatory pathology [13]. Barkin et al. presented large series of patients with histologically confirmed capsule-detected small bowel tumors [64]. Malignant tumors represented 61% (54/89) of those, and benign 39% (35/89). They were most often localized in the jejunum, with the most common malignant tumors being adenocarcinomas, carcinoids, metastatic melanomas, lymphomas, and sarcomas, and the most common benign tumors being GIST-omas, hemangiomas, hamartomas, and adenomas. The largest percentage of patients was investigated for OGIB, but tumors were also diagnosed in patients with chronic abdominal pain, suggesting that VCE should also be considered in these patients. We diagnosed 22 tumors, seven GIST, three neuroendocrine tumors, three metastases of malignant melanoma, two Non-Hodgkin’s lymphoma (NHL), two adenocarcinomas of the proximal jejunum, and one leiomyosarcoma of the medial ileum. Four patients did not accept suggested surgical exploration or further follow-up. Adenocarcinomas are the most frequent malignant tumors of the small intestine, and we diagnosed only two in the proximal jejunum. This can partially be explained by their localization—50% of them are localized in the duodenum, which can also be detected by conventional endoscopy [65]. VCE has the potential to be useful in the early diagnosis of small bowel tumors, thereby providing a greater chance of cure. It also affects the further treatment plan because most patients undergo surgical resection, whether for malignant or benign tumors. VCE cannot evaluate the transmural nor the extraluminal status, so the diagnostic rate might be lower than that of CT or MR imaging [66]. In this situation, MR had a higher specificity than VCE, and CT enterography had a higher sensitivity than VCE [67,68]. In a small study that included 17 patients with small bowel tumors who underwent both CT enterography and VCE, CT enterography was more sensitive than VCE to detecting small bowel tumors (94% vs. 35%) [69]. Lesions in the duodenum and proximal jejunum are easily missed because of the rapid transit of the capsule through these areas. Sometimes transient bulges in the small bowel lumen may appear to be submucosal masses [70,71,72,73]. The main disadvantage of VCE is that it does not permit tissue sampling. It should not be performed in patients in whom small bowel obstruction is suspected since the capsule may become lodged proximally to the obstruction and may require enteroscopy or laparotomy for retrieval, as has been the case in 10–25% of patients with small bowel tumors in reported series [74,75].




4.4.4. Celiac Disease


Celiac disease is a very interesting indication for VCE, but most of the studies included a small number of patients, and larger studies are needed [76,77,78,79,80,81,82,83]. Findings on VCE that are considered consistent for the diagnosis of celiac disease are villous atrophy, fissures, mosaic-like mucosa, flat mucosa due to the absence of visible villi, abnormal villi—thickened and shortened, stacking of folds, and nodularity. VCE enables the assessment of the distribution of disease in the small intestine [76,77]. In the meta-analysis, the sensitivity and the specificity of VCE in celiac disease was 89% vs. 95%, respectively [39]. Generally, VCE is not recommended for suspected celiac disease [82]. VCE should be performed in those patients who do not respond to the gluten free diet in order to exclude complications of the disease. Refractory celiac disease type I showed a smaller diagnostic yield in imaging procedures, including VCE, but extensive mucosal damage seen on VCE could predict the type of refractory celiac disease (refractory celiac disease type II) [80,83]. We had three patients with a near-total atrophy of the mucosa of a proximal jejunum and one patient with a near-total atrophy of part of an ileum, in which the findings on the proximal parts were completely normal both macroscopically and histologically.




4.4.5. Gastrointestinal Polyposis Syndromes


Gastrointestinal polyposis syndromes, such as FAP and Peutz–Jeghers syndrome, are characterized by the presence of multiple polypoid lesions in the GI tract. Neoplasms can occur in more than 75% of patients with Peutz–Jeghers syndrome and in 90% of patients with FAP, and VCE is now widely accepted as a method of screening in these indications [84,85,86,87]. The capsule has a larger diagnostic yield than enteroscopy [86] and detects smaller polyps that are not detectible by radiological examinations [85]. The routine application of VCE in patients with Peutz–Jeghers syndrome is recommended, but its role in patients with FAP remains unclear. Moreover, the capsule can “miss” polyps localized in the area of the papilla due to the presence of bile or the often-rapid transit through the duodenum, and in these patients, duodenoscopy remains the method of choice for follow-up [88,89]. We examined five patients with Peutz–Jeghers syndrome, and small bowel polyps were identified using VCE in four, while in two out of three patients with FAP, VCE detected small bowel polyps.





4.5. Use of VCE in Pediatric Patients


Children can also be examined with VCE for the abovementioned indications, and VCE is approved for children older than two years [90,91,92,93,94]. Moreover, only a few limitations in the use of VCE for children are recognized. The main one is the difficulty that swallowing the capsule poses for younger children, which turns VCE into an invasive method as the capsule needs to be delivered into the duodenum using an endoscope under deep sedation or general anesthesia. A special device for the gastroscope was designed in 2004 to assure the direct placement of the capsule into the duodenum in children and adults who do not cooperate or have a disturbed act of swallowing [91,93]. We examined five children, and our youngest patient was 3 years old. In all children, the capsule was placed directly into the duodenum with an endoscope, and all examinations were completed without any complications.




4.6. Follow-Up Strategies


A negative finding with VCE is of great importance considering that the negative predictive value (NPV) of the capsule in bleeding is over 90% [31]. This means that patients with a negative result do not have a significant disease of the small intestine, and during follow-up, there is usually no manifestation of new symptoms or worsening of existing ones. During our study period (conducted until 2016), there were no clear-cut off algorithms on how best to follow up patients with OGIB and negative CE. All patients with a negative finding with VCE were followed up for one year, and none of them showed a worsening of their condition or the discovery of a new disease. In our study, bleeding stopped spontaneously in 50/67 patients, while 17 patients were substituted with oral iron preparations and did not require blood transfusions. A meta-analysis by Yung et al. confirmed that a patient with OGIB and negative CE result have a low risk of “re-bleeding“ and that patients can be safely managed with watchful waiting, without further investigation, unless there is a change from occult to overt OGIB or a ≥4 g/dL drop in hemoglobin. Patients who develop re-bleeding after 2 years may need to be invastigated for a new source of blood loss [94]. Another interesting-meta analysis by Tziatzios et al. [95] showed similar re-bleeding rates when comparing Western and Eastern populations, irrespective of either the length of follow-up or the mode (overt vs. occult) of initial presentation. Increased re-bleeding odds after positive (vs. negative) index CE was noticed only in studies originating from the East.




4.7. Complications during VCE


Complications during the capsule examination are quite rare and, apart from retention with the development of ileus, do not require surgical intervention [31,96,97,98,99]. Impactions of the capsule at the level of the cricopharyngeal muscle and aspiration into the trachea, which were successfully repaired bronchoscopically, have also been described [98,99]. Most often, however, a retention and prolonged lag of the capsule occurs [98]. A case of spontaneous capsule elimination even 3 weeks after ingestion has been reported in the literature [31]. Therefore, it is not entirely clear what should be done with patients in whom the capsule is retained and no signs of obstruction develop. We had one case of retention with no signs of obstruction. The patient was operated on 7 days after swallowing the capsule, and a benign stenosis was found, one which was not observed in the earlier radiological examination and which was most likely a consequence of taking NSAIDs.




4.8. Limitations of the Procedure


VCE, like other diagnostic procedures, has certain disadvantages. The propulsion of the capsule depends on the peristalsis of the intestine, which is variable and sometimes moves the capsule very quickly, so the pathological finding can only be seen in one or several frames. The biggest drawback associated with VCE is the impossibility of taking biopsies, the impossibility of applying therapeutic measures, and “missed” lesions due to the rotation of the capsule and the limited imaging field, and an incomplete examination due to shortened battery life [100].





5. Conclusions


VCE is a painless, noninvasive diagnostic procedure which enables the visualization of the entire small bowel mucosa. The procedure is simple, and there is no need for air insufflation and sedation (except in pediatric patients), which is why this method is preferred and comfortable for patients. The most common indication is OGIB, and the best candidates are patients with overt bleeding; patients with IBD should be evaluated in this setting.







Author Contributions


Conceptualization J.M.N. and A.S.-M.; writing—original draft preparation, J.M.N., M.K. and A.P.M.; writing—review and editing, A.S.-M. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


This research was approved by the Ethics Committee of University Clinical Center of Serbia (approval date 26 January 2023, number 17/3) and conducted in accordance with the Helsinki Declaration.




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Dataset available on request from the authors.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Galmiche, J.P.; Coron, E.; Sacher-Huvelin, S. Recent developments in capsule endoscopy. Gut 2008, 57, 695–703. [Google Scholar] [CrossRef] [PubMed]

	



Rondonotti, E.; Villa, F.; Mulder, C.J.; Jacobs, M.A.; de Franchis, R. Small bowel capsule endoscopy in 2007: Indications, risks and limitations. World J. Gastroenterol. 2007, 13, 6140–6149. [Google Scholar] [CrossRef] [PubMed]

	



Pennazio, M. Capsule endoscopy: Where are we after 6 years of clinical use? Dig. Liver Dis. 2006, 38, 867–878. [Google Scholar] [CrossRef] [PubMed]

	



Jensen, M.D.; Brodersenb, J.B.; Kjeldsen, J. Capsule endoscopy for the diagnosis and follow up of Crohn’s disease: A comprehensive review of current status. Ann. Gastroenterol. 2017, 30, 168–178. [Google Scholar] [CrossRef] [PubMed]

	



Wang, A.; Banerjee, S.; Barth, B.A.; Bhat, Y.M.; Chauhan, S.; Gottlieb, K.T.; Konda, V.; Maple, J.T.; Murad, F.; Siddiqui, U.D.; et al. ASGE Technology Committee. Wireless capsule endoscopy. Gastrointest. Endosc. 2013, 78, 805–815. [Google Scholar] [CrossRef] [PubMed]

	



Melson, J.; Trikudanathan, G.; Abu Dayyeh, B.K.; Bhutani, M.S.; Chandrasekhara, V.; Jirapinyo, P.; Krishnan, K.; Kumta, N.A.; Pannala, R.; Parsi, M.A.; et al. Video caspule endoscopy. Gastrointest. Endosc. 2021, 93, 784–796. [Google Scholar] [CrossRef] [PubMed]

	



Raju, G.S.; Gerson, L.; Das, A.; Lewis, B. American Gastrointestinal Association (AGA) Institute medical position statement on obscure gastrointestinal bleeding. Gastroenterology 2007, 133, 1694–1696. [Google Scholar] [CrossRef] [PubMed]

	



Saurin, J.C.; Delvaux, M.; Gaudin, J.L.; Fassler, I.; Villarejo, J.; Vahedi, K.; Bitoun, A.; Canard, J.M.; Souquet, J.C.; Ponchon, T.; et al. Diagnostic value of Endoscopic Capsule in Patients with Obscure Digestive Bleeding: Blinded Comparasion with Video Push-Enteroscopy. Endoscopy 2003, 35, 576–584. [Google Scholar]

	



Krstic, N.S.; Martinov Nestorov, J.; Sokić-Milutinović, A.; Milosavljevic, N.T.; Krstić, N.M. Capsule endoscopy is useful diagnostic tool for diagnosing Meckel’s diverticulum. Eur. J. Gastroenterol. Hepatol. 2016, 28, 702–707. [Google Scholar] [CrossRef]

	



Lewis, B.S.; Eisen, G.; Friedman, S. Meta-analysis of capsule endoscopy versus alternative modalities in the diagnosis of small bowel pathologies. Gastrointest. Endosc. 2004, 59, 105. [Google Scholar] [CrossRef]

	



Nam, J.H.; Lee, K.H.; Lim, Y.J. Examination of entire gastrointestinal tract: A perspective of mouth to anus (M2A) capsule endoscopy. Diagnostics 2021, 11, 1367. [Google Scholar] [CrossRef] [PubMed]

	



Hosoe, N.; Takabayashi, K.; Ogata, H.; Kanai, T. Caspule endoscopy for small-intestinal disorders: Current status. Dig. Endosc. 2019, 31, 498–507. [Google Scholar] [CrossRef] [PubMed]

	



Liao, Z.; Gao, R.; Xu, C.; Li, Z.S. Indications and detection, completion, and retention rates of small-bowel capsule endoscopy: A systematic review. Gastrointest. Endosc. 2010, 71, 280. [Google Scholar] [CrossRef] [PubMed]

	



Gerson, L.B.; Fidler, J.L.; Cave, D.R.; Leighton, J.A. ACG Clinical Guideline: Diagnosis and Management of Small Bowel Bleeding. Am. J. Gastroenterol. 2015, 110, 1265. [Google Scholar] [CrossRef]

	



Zuckerman, G.R.; Prakash, C.; Askin, M.P.; Lewis, B.S. AGA technical rewiew on the evaluation and management of occult and obscure gastrointestinal bleeding. Gastroeneterology 2000, 118, 201–221. [Google Scholar] [CrossRef] [PubMed]

	



Lewis, B.S.; Swain, P. Capsule endoscopy in the evaluation of patients with suspected small intestinal bleeding: Results of a pilot study. Gastrointest. Endosc. 2002, 56, 349. [Google Scholar] [CrossRef] [PubMed]

	



Delvaux, M.M.; Saurin, J.C.; Gaudin, J.L.; Fassler, I.; Villarejo, J.; Vahedi, K. Comparison of wireless endoscopic capsule and push-enteroscopy in patients with obscure occult/overt digestive bleeding: Results of a prospective, blinded, multicenter trial. Gastrointest. Endosc. 2002, 55, AB88. [Google Scholar]

	



Contaldo, A.; Losurdo, G.; Albano, F.; Iannone, A.; Barone, M.; Ierardi, E.; Di Leo, A.; Principi, M. The Spectrum of Small Intestinal Lesions in Patients with Unexplained Iron Deficiency Anemia Detected by Video Capsule Endoscopy. Medicina 2019, 55, 59. [Google Scholar] [CrossRef] [PubMed]

	



Costamagna, G.; Shah, S.K.; Riccioni, M.E.; Foschia, F.; Mutignani, M.; Perri, V.; Vecchioli, A.; Brizi, M.G.; Picciocchi, A.; Marano, P. A prospective trial comparing small bowel radiographs and video capsule endoscopy for suspected small bowel disease. Gastroenterology 2002, 123, 999. [Google Scholar] [CrossRef]

	



Scapa, E.; Jacob, H.; Lewkowicz, S.; Migdal, M.; Gat, D.; Gluckhovsky, A.; Gutmann, N.; Fireman, Z. Initial experience of wireless-capsule endoscopy for evaluating occult gastrointestinal bleeding and suspected small bowel pathology. Am. J. Gastroenterol. 2002, 97, 2776. [Google Scholar] [CrossRef]

	



Ell, C.; Remke, S.; May, A.; Helou, L.; Henrich, R.; Mayer, G. The first prospective controlled trial comparing wireless capsule endoscopy with push enteroscopy in chronic gastrointestinal bleeding. Endoscopy 2002, 34, 685. [Google Scholar] [CrossRef] [PubMed]

	



Mylonaki, M.; Fritscher-Ravens, A.; Swain, P. Wireless capsule endoscopy: A comparison with push enteroscopy in patients with gastroscopy and colonoscopy negative gastrointestinal bleeding. Gut 2003, 52, 1122. [Google Scholar] [CrossRef] [PubMed]

	



Adler, D.G.; Knipschield, M.; Gostout, C. A prospective comparison of capsule endoscopy and push enteroscopy in patients with GI bleeding of obscure origin. Gastrointest. Endosc. 2004, 59, 492. [Google Scholar] [CrossRef] [PubMed]

	



Mata, A.; Bordas, J.M.; Feu, F.; Gines, A.; Pellise, M.; Fernandez-Esparrach, G.; Balaguer, F.; Piqué, J.M.; Llach, J. Wireless capsule endoscopy in patients with obscure gastrointestinal bleeding: A comparative study with push enteroscopy. Aliment. Pharmacol. Ther. 2004, 20, 189. [Google Scholar] [CrossRef]

	



Hartmann, D.; Schmidt, H.; Bolz, G.; Schilling, D.; Kinzel, F.; Eickhoff, A.; Huschner, W.; Möller, K.; Jakobs, R.; Reitzig, P.; et al. A prospective two-center study comparing wireless capsule endoscopy with intraoperative enteroscopy in patients with obscure GI bleeding. Gastrointest. Endosc. 2005, 61, 826. [Google Scholar] [CrossRef]

	



Laine, L.; Sahota, A.; Shah, A. Does capsule endoscopy improve outcomes in obscure gastrointestinal bleeding? Randomized trial versus dedicated small bowel radiography. Gastroenterology 2010, 138, 1673. [Google Scholar] [CrossRef] [PubMed]

	



Park, J.J.; Cheon, J.H.; Kim, H.M.; Park, H.S.; Moon, C.M.; Lee, J.H.; Hong, S.P.; Kim, T.I.; Kim, W.H. 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. [Google Scholar] [CrossRef] [PubMed]

	



Lepileur, L.; Dray, X.; Antonietti, M.; Iwanicki-Karon, I.; Grigioni, S.; Chaput, U.; Di-Fiore, A.; Alhameedi, R.; Marteau, P.; Ducrotté, P.; et al. Factors associated with diagnosis of obscure gastrointestinal bleeding by video capsule enteroscopy. Clin. Gastroenterol. Hepatol. 2012, 10, 1376. [Google Scholar] [CrossRef] [PubMed]

	



Koulaouzidis, A.; Rondonotti, E.; Giannakou, A.; Plevris, J.N. Diagnostic yield of small-bowel capsule endoscopy in patients with iron-deficiency anemia: A systematic review. Gastrointest. Endosc. 2012, 76, 983. [Google Scholar] [CrossRef]

	



Triester, S.L.; Leighton, J.A.; Leontiadis, G.I.; Gurudu, S.R.; Fleischer, D.E.; Hara, A.K.; Heigh, R.I.; Shiff, A.D.; Sharma, V.K. 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. [Google Scholar] [CrossRef]

	



Pennazio, M.; Santucci, R.; Rondonotti, E.; Abbiati, C.; Beccari, G.; Rossini, F.P.; De Franchis, R. Outcome of patients with obscure gastrointestinal bleeding after capsule endoscopy: Report of 100 consecutive cases. Gastroenterology 2004, 126, 643. [Google Scholar] [CrossRef] [PubMed]

	



Lecleire, S.; Iwanicki-Caron, I.; Di-Fiore, A.; Elie, C.; Alhameedi, R.; Ramirez, S.; Hervé, S.; Ben-Soussan, E.; Ducrotté, P.; Antoinetti, P. Yield and impact of emergency capsule enteroscopy in severe obscure-overt gastrointestinal bleeding. Endoscopy 2012, 44, 337–342. [Google Scholar] [CrossRef]

	



Estevez, E.; Gonzalez-Conde, B.; Vazquez-Iglesias, J.L.; Vazquez-Millan, M.L.A.; Pertega, S.; Alonso, P.A.; Clofent, J.; Santos, E.; Ulla, H.L.; Sánchez, E. Diagnostic yield and clinical outcomes after capsule endoscopy in 100 consecutive patients with obscure gastrointestinal bleeding. Eur. J. Gastroenterol. Hepatol. 2006, 18, 881–888. [Google Scholar] [CrossRef] [PubMed]

	



Yamada, A.; Watabe, H.; Kobayashi, Y.; Yamaji, Y.; Yoshida, H.; Koike, K. Timing of capsule endoscopy influences the diagnosis and outcome in obscureovert gastrointestinal bleeding. Hepatogastroenterology 2012, 59, 676–679. [Google Scholar]

	



Sidhu, R.; Sanders, D.S.; Kapur, K.; Leeds, J.; McAlindon, M. Factors predicting the diagnostic yield and intervention in obscure gastrointestinal bleeding investigated using capsule endoscopy. J. Gastrointest. Liver Dis. 2009, 18, 273–278. [Google Scholar]

	



Albert, J.G.; Schulbe, R.; Hahn, L.; Heinig, D.; Schoppmeyer, K.; Porst, H.; Lorenz, R.; Plauth, M.; Dollinger, M.M.; Mössner, J.; et al. Impact of capsule endoscopy on outcome in mid-intestinal bleeding: A multicentre cohort study in 285 patients. Eur. J. Gastroenterol. Hepatol. 2008, 20, 971–977. [Google Scholar] [CrossRef] [PubMed]

	



Singh, A.; Marshall, C.; Chaudhuri, B.; Okoli, C.; Foley, A.; Person, S.D.; Bhattacharya, K.; Cave, D.R. Timing of video capsule endoscopy relative to overt obscure GI bleeding: Implications from a retrospective study. Gastrointest. Endosc. 2013, 77, 761. [Google Scholar] [CrossRef] [PubMed]

	



Schlag, C.; Menzel, C.; Nennstiel, S.; Neu, B.; Phillip, V.; Schuster, T.; Schmid, R.M.; von Delius, S. Emergency video capsule endoscopy in patients with acute severe GI bleeding and negative upper endoscopy results. Gastrointest. Endosc. 2015, 81, 889. [Google Scholar] [CrossRef] [PubMed]

	



Pennazio, M.; Spada, C.; Eliaki, R.; Keuchel, M.; May, A.; Mulder, C.J.; Rondonotti, E.; Adler, S.N.; Albert, J.; Baltes, P.; et al. Small-bowel capsule endoscopy and device-assisted enteroscopy for diagnosis and treatment of small-bowel disorders: European Society of Gastrointestinal Endoscopy (ESGE) Clinical Guideline. Endoscopy 2015, 47, 352–386. [Google Scholar] [CrossRef]

	



Saperas, E.; Dot, J.; Videla, S.; Alvarez-Castells, A.; Perez-Lafuente, M.; Armengol, J.R.; Malagelada, J.R. Capsule endoscopy versus computed tomographic or standard angiography for the diagnosis of obscure gastrointestinal bleeding. Am. J. Gastroenterol. 2007, 102, 731–737. [Google Scholar] [CrossRef]

	



Wang, Z.; Chen, J.Q.; Liu, J.L.; Qin, X.G.; Huang, Y. CT enterography in obscure gastrointestinal bleeding: A systematic review and meta-analysis. J. Med. Imaging Radiat. Oncol. 2013, 57, 263–273. [Google Scholar] [CrossRef] [PubMed]

	



Teshima, C.W.; Kuipers, E.J.; Van Zanten, S.V.; Mensink, P.B.F. Double balloon enteroscopy and capsule endoscopy for obscure gastrointestinal bleeding: An updated meta-analysis. J. Gastroenterol. Hepatol. 2011, 26, 796–801. [Google Scholar] [CrossRef] [PubMed]

	



Pasha, S.F.; Leighton, J.A.; Das, A.; Harrison, M.E.; Decker, G.A.; Fleischer, D.E.; Sharma, V.K. Double-Balloon Enteroscopy and Capsule Endoscopy Have Comparable Diagnostic Yield in Small-Bowel Disease: A Meta-Analysis. Clin. Gastroenterol. Hepatol. 2008, 6, 671–676. [Google Scholar] [CrossRef] [PubMed]

	



Bresci, G.; Parisi, G.; Bertoni, M.; Tumino, E.; Capria, A. The role of video capsule endoscopy for evaluating obscure gastrointestinal bleeding: Usefulness of early use. J. Gastroenterol. 2005, 40, 256–259. [Google Scholar] [CrossRef] [PubMed]

	



Viazis, N.; Papaxoinis, K.; Theodoropoulos, I.; Sgouros, S.; Vlachogiannakos, J.; Pipis, P.; Markoglou, C.; Avgerinos, A. Impact of capsule endoscopy in obscure small-bowel bleeding: Defining strict criteria for a favorable outcome. Gastrointest. Endosc. 2005, 62, 717–722. [Google Scholar] [CrossRef] [PubMed]

	



Shahidi, N.; Ou, G.; Svarta, S.; Law, J.; Kwok, R.; Tong, J.; Lam, E.C.; Enns, R. Factors Associated with Positive Findings From Capsule Endoscopy in Patients with Obscure Gastrointestinal Bleeding. Clin. Gastroenterol. Hepatol. 2012, 10, 1381–1385. [Google Scholar] [CrossRef] [PubMed]

	



Triester, S.L.; Leighton, J.A.; Leontiadis, G.I.; Gurudu, S.R.; Fleischer, D.E.; Hara, A.K.; Heigh, R.I.; Shiff, A.D.; Sharma, V.K. A meta-analysis of the yield of capsule endoscopy compared to other diagnostic modalities in patients with non-stricturing small bowel Crohn’s disease. Am. J. Gastroenterol. 2006, 101, 954. [Google Scholar] [CrossRef] [PubMed]

	



Kornbluth, A.; Colombel, J.F.; Leighton, J.A.; Loftus, E. ICCE consensus for inflammatory bowel disease. Endoscopy 2005, 37, 1051. [Google Scholar] [CrossRef] [PubMed]

	



Fireman, Z.; Mahajna, E.; Broide, E.; Shapiro, M.; Fich, L.; Sternberg, A.; Kopelman, Y.; Scapa, E. Diagnosing small bowel Crohn’s disease with wireless capsule endoscopy. Gut 2003, 52, 390. [Google Scholar] [CrossRef]

	



Herrerías, J.M.; Caunedo, A.; Rodríguez-Téllez, M.; Pellicer, F.; Herreiras, J.M. Capsule endoscopy in patients with suspected Crohn’s disease and negative endoscopy. Endoscopy 2003, 35, 564. [Google Scholar]

	



Chong, A.K.; Taylor, A.; Miller, A.; Hemmessy, O.; Connell, W.; Desmond, P. Capsule endoscopy vs. push enteroscopy and enteroclysis in suspected small-bowel Crohn’s disease. Gastrointest. Endosc. 2005, 61, 255. [Google Scholar] [CrossRef] [PubMed]

	



Cheifetz, A.S.; Kornbluth, A.-A.; Legnani, P.; Schmelkin, I.; Brown, A.; Lichtiger, S.; Lewis, B.S. The risk of retention of the capsule endoscope in patients with known or suspected Crohn’s disease. Am. J. Gastroenterol. 2006, 101, 2218. [Google Scholar] [CrossRef]

	



Dionisio, P.M.; Gurudu, S.R.; Leighton, J.A.; Leontiadis, G.I.; Fleischer, D.E.; Hara, A.K.; Heigh, R.I.; Shiff, A.D.; Sharma, V.K. Capsule endoscopy has a significantly higher diagnostic yield in patients with suspected and established small-bowel Crohn’s disease: A meta-analysis. Am. J. Gastroenterol. 2010, 105, 1240. [Google Scholar] [CrossRef]

	



Jensen, M.D.; Nathan, T.; Rafaelsen, S.R.; Kjeldsen, J. Diagnostic accuracy of capsule endoscopy for small bowel Crohn’s disease is superior to that of MR enterography or CT enterography. Clin. Gastroenterol. Hepatol. 2011, 9, 124. [Google Scholar] [CrossRef]

	



Flamant, M.; Trang, C.; Maillard, O.; Sacher-Huvelin, H.; Le Rhun, M.; Galmiche, J.P.; Bourreille, A. The prevalence and outcome of jejunal lesions visualized by small bowel capsule endoscopy in Crohn’s disease. Inflamm. Bowel. Dis. 2013, 19, 1390. [Google Scholar] [CrossRef]

	



Kopylov, U.; Yablecovitch, D.; Lahat, A.; Neuman, S.; Levhar, N.; Greener, T.; Klang, E.; Rozendorm, N.; Amitai, M.M.; Ben-Horin, S.; et al. Detection of Small Bowel Mucosal Healing and Deep Remission in Patients with Known Small Bowel Crohn’s Disease Using Biomarkers, Capsule Endoscopy, and Imaging. Am. J. Gastroenterol. 2015, 110, 1316. [Google Scholar] [CrossRef] [PubMed]

	



Bar-Meir, S. Review article. Capsule endoscopy- are all small intestinal lesions Chron’s disease? Aliment. Pharmacol. Ther. 2006, 24, 19–21. [Google Scholar] [CrossRef]

	



Legnani, P.; Kornbluth, A. Video capsule endoscopy in inflammatory bowel disease. Curr. Opin. Gastroenterol. 2005, 21, 438–442. [Google Scholar] [PubMed]

	



Maiden, L.; Thjodleifsson, B.; Theodors, A.; Gonzales, J.; Bjarnson, I. A quantitative analysis of NSAID-induced small bowel pathology by capsule enteroscopy. Gastroenterology 2005, 128, 1172–1178. [Google Scholar] [CrossRef]

	



Lewis, B.; Goldfarb, N. Review article. The advent of capsule endoscopy-a not so futuristic approach to obscure gastrointestinal bleeding. Aliment. Pharmacol. Ther. 2003, 17, 1085–1096. [Google Scholar] [CrossRef]

	



Gralnek, I.M.; Defranchais, R.; Seidman, E.; Leighton, J.A.; Legnani, P.; Lewis, B.S. Development of a capsule endoscopy scoring index for small bowel mucosal inflammatory change. Aliment. Phramacol. Ther. 2008, 27, 146–154. [Google Scholar] [CrossRef]

	



Cobrin, G.M.; Pittman, R.H.; Lewis, B.S. Increased diagnostic yield of small bowel tumors with capsule endoscopy. Cancer 2006, 107, 22–27. [Google Scholar] [CrossRef] [PubMed]

	



Schwartz, G.D.; Barkin, J.S. Small-Bowel Tumors Detected by Wireless Capsule Endoscopy. Dig. Dis. Sci. 2007, 52, 1026–1030. [Google Scholar] [CrossRef] [PubMed]

	



Barkin, J.S.; Friedman, S. Wireless capsule endoscopy requiring surgical intervention: The world’s experience. Am. J. Gastroenterol. 2002, 97, A83. [Google Scholar] [CrossRef]

	



Dabaja, B.S.; Suki, D.; Pro, B.; Bonnen, M.; Ajani, J. Adenocarcinoma of the small bowel: Presentation, factors and outcome of 217 patients. Cancer 2004, 101, 518–526. [Google Scholar] [CrossRef] [PubMed]

	



Cheung, D.Y.; Kim, J.S.; Shim, K.N.; Choi, M.G.; Korean Gut Image Study Group. The Usefulness of Capsule Endoscopy for Small Bowel Tumors. Clin. Endosc. 2016, 49, 21–25. [Google Scholar] [CrossRef] [PubMed]

	



Huprich, J.E.; Fletcher, J.G.; Fidler, J.L.; Alexander, J.A.; Guimaraes, L.; Siddiki, H.A.; McCollough, C.H. Prospective Blinded Comparison of Wireless Capsule Endoscopy and Multiphase CT Enterography in Obscure Gastrointestinal Bleeding. Radiology 2011, 260, 744–751. [Google Scholar] [CrossRef] [PubMed]

	



Van Weyenberg, S.J.; Bouman, K.; Jacobs, M.A.; Halloran, B.-P.; Van der Peet, D.I.; Mulder, C.J.J.; Kuijk, C.V.; Waesberger, J.H.T.M. Comparison of MR enteroclysis with video capsule endoscopy in the inves-tigation of small-intestinal disease. Abdom. Imaging 2013, 38, 42–51. [Google Scholar] [CrossRef]

	



Hakim, F.A.; Alexander, J.A.; Huprich, J.E.; Grover, M.; Enders, F.T. 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. [Google Scholar] [CrossRef]

	



Girelli, C.M.; Porta, P.; Colombo, E.; Lesinigo, E.; Bernasconi, G. Development of a novel index to discriminate bulge from mass on small-bowel capsule endoscopy. Gastrointest. Endosc. 2011, 74, 1067. [Google Scholar] [CrossRef]

	



Girelli, C.M.; Porta, P. Bulge or mass? A diagnostic dilemma of capsule endoscopy. Endoscopy 2008, 40, 703. [Google Scholar] [CrossRef] [PubMed]

	



Rodrigues, J.P.; Pinho, R.; Rodrigues, A.; Silva, A.; Ponte, A.; Sousa, M.; Carvalho, J. Validation of SPICE, a method to differentiate small bowel submucosal lesions from innocent bulges on capsule endoscopy. Rev. Esp. Enferm. Dig. 2017, 109, 106. [Google Scholar] [CrossRef] [PubMed]

	



Min, M.; Noujaim, M.G.; Green, J.; Schlieve, C.R.; Vaze, A.; Cahan, M.A.; Cave, D.R. Role of Mucosal Protrusion Angle in Discriminating between True and False Masses of the Small Bowel on Video Capsule Endoscopy. J. Clin. Med. 2019, 8, 418. [Google Scholar] [CrossRef] [PubMed]

	



Pennazio, M.; Rondonotti, E.; de Franchis, R. Capsule endoscopy in neoplastic diseases. World. J. Gastroenterol. 2008, 14, 5245. [Google Scholar] [CrossRef] [PubMed]

	



Rondonotti, E.; Spada, C.; Adler, S.; May, A.; Despot, E.J.; Koulaouzidis, A.; Domagk, D.; Panter, S.; Fernandez-Urien, I.; Rahmi, G.; et al. Small-bowel capsule endoscopy and device-assisted enteroscopy for diagnosis and treatment of small-bowel disorders: European Society of Gastrointestinal Endoscopy (ESGE) Technical Review. Endoscopy 2018, 50, 423–446. [Google Scholar] [CrossRef] [PubMed]

	



Green, P.; Rubin, M. Capsule endoscopy in celiac disease. Gastrointest. Endosc. 2005, 62, 797–799. [Google Scholar] [CrossRef] [PubMed]

	



Muhammad, A. The nature, location and extent of small bowel mucosal lesions in celiac disease as observed by wireless capsule endoscopy. In Proceedings of the ICCE 2006, Boca Raton, FL, USA, 7 March 2006. [Google Scholar]

	



Rondonotti, E.; Spada, C.; Cave, D.; Pennazio, M.; Riccioni, M.E.; De Vitis, I.; Schneider, D.; Sprujevnik, T.; Villa, F.; Lahgelier, J.; et al. Video capsule enteroscopy in the diagnosis of celiac disease: A multicenter study. Am. J. Gastroenterol. 2007, 102, 1624. [Google Scholar] [CrossRef] [PubMed]

	



Atlas, D.S.; Rubio-Tapia, A.; Van Dyke, C.V.; Lahr, B.; Murray, J. Capsule endoscopy in nonresponsive celiac disease. Gastrointest. Endosc. 2011, 74, 1315. [Google Scholar] [CrossRef] [PubMed]

	



Barret, M.; Malamut, G.; Rahmi, G.; Samaha, E.; Edery, J.; Verkarre, V.; Macintyre, E.; Lenain, E.; Chatellier, G.; Cerf-Bensussan, N.; et al. Diagnostic yield of capsule endoscopy in refractory celiac disease. Am. J. Gastroenterol. 2012, 107, 1546. [Google Scholar] [CrossRef]

	



Kurien, M.; Evans, K.E.; Aziz, I.; Sidhu, R.; Drew, K.; Rogers, L.T.; McAlindon, M.E.; Sanders, D.S. Capsule endoscopy in adult celiac disease: A potential role in equivocal cases of celiac disease? Gastrointest. Endosc. 2013, 77, 227. [Google Scholar] [CrossRef]

	



Luján-Sanchis, M.; Perez-Cuadrado-Robles, E.; García-Lledó, J.; Fernandez, J.F.J.; Elli, L.; Jimenez-Garcia, V.A.; Egea-Valenzuela, J.; Valle-Munoz, J.; Carretero-Ribớn, C.; Fernández-Urién-Sainz, I.; et al. Role of capsule endoscopy in suspected celiac disease: A European multi-centre study. World. J. Gastroenterol. 2017, 23, 703–711. [Google Scholar] [CrossRef] [PubMed]

	



Daum, S.; Wahnschaffe, U.; Glasenapp, R.; Borchert, M.; Ullrich, R.; Zeitz, M.; Faiss, S. Capsule endoscopy in refractory celiac disease. Endoscopy 2007, 39, 455–458. [Google Scholar] [CrossRef] [PubMed]

	



Burke, C.A.; Santtisi, J.; Church, J.; Levinhtal, G. The utility of capsule endoscopy small bowel surveillence in patients with polyposis. Am. J. Gastroenterol. 2005, 100, 1498–1502. [Google Scholar] [CrossRef] [PubMed]

	



Mata, A.; Liach, J.; Castells, A.; Rovira, J.M.; Pellise, M.; Gines, A.; Fernandéz-Esparrach, G.; Andreu, M.; Bordas, J.M.; Piqué, J.M. A prospective trial comparing wireless capsule endoscopy and barium contrast series for small-bowel surveillence in hereditary GI polyposis syndroms. Gastrointest. Endosc. 2005, 61, 721–725. [Google Scholar] [CrossRef] [PubMed]

	



Wong, R.F.; Tuteja, A.K.; Haslem, D.S.; Pappas, L.; Szabo, A.; Ogara, M.; Disario, J. Video capsule endoscopy compared with standard endoscopy for the evaluation of small-bowel polyps in persons with familial adenomatous polyposis. Gastrointest. Endosc. 2006, 64, 530–537. [Google Scholar] [CrossRef] [PubMed]

	



Iaquinto, G.; Fornasarig, M.; Quaia, M.; Giardullo, N.; D’onofrio, V.; Iaquinto, S.; Di Bella, S.; Cannizzaro, R. Capsule endoscopy is useful and safe for small-bowel surveillance in familial adenomatous polyposis. Gastrointest. Endosc. 2008, 67, 61–67. [Google Scholar] [CrossRef]

	



Mergener, K.; Ponchon, T.; Granlek, I.; Pennazio, M.; Gay, G.; Selby, W.; Seidman, E.G.; Cellier, C.; Murray, J.; De Franchis, R.; et al. Literature review and recommendations for clinical applications of small-bowel capsule endoscopy, based on a panel discussion by international experts. Consensus statements for small.bowel endoscopy, 2006/2007. Endoscopy 2007, 39, 895–909. [Google Scholar] [CrossRef] [PubMed]

	



Clarke, J.O.; Giday, S.A.; Magno, P.; Shin, E.J.; Buscaglia, J.M.; Jagannath, S.B.; Mullin, G.E. How good is capsule endoscopy for detection of periampullary lesions? Results of a tertiary-referral center. Gastrointest. Endosc. 2008, 68, 267. [Google Scholar] [CrossRef] [PubMed]

	



Aabakken, L.; Scholz, T.; Ostensen, A.; Emblem, R.; Jermstad, T. Capsule endoscopy is feasible in small children. Endoscopy 2003, 35, 798. [Google Scholar] [CrossRef] [PubMed]

	



Barth, B.; Donovan, K.; Fox, V. Endoscopic placement of the capsule endoscope in children. Gastrointest. Endosc. 2004, 60, 818–821. [Google Scholar] [CrossRef]

	



Guilhon de Araujo Sant’Anna, A.M.; Dubois, J.; Miron, M.C.; Seidman, E.G. Wireless capsule endoscopy for obscure small-bowel disorders: Final results of the first pediatric controlled trial. Clin. Gastroenterol. Hepatol. 2005, 3, 264. [Google Scholar] [CrossRef] [PubMed]

	



Holden, J.P.; Dureja, P.; Pfau, P.R.; Schwartz, D.C.; Reichelderfer, M.; Judd, R.H.; Danko, I.; Iyer, L.V.; Gopal, D.V. Endoscopic placement of the small-bowel video capsule by using a capsule endoscope delivery device. Gastrointest. Endosc. 2007, 65, 842. [Google Scholar] [CrossRef] [PubMed]

	



Yung, D.E.; Koulaouzidis, A.; Avni, T.; Kopylov, U.; Giannakou, A.; Rondonotti, E.; Pennazio, M.; Eliakim, R.; Plevris, J. Clinical outcomes of negative small bowel capsule endoscopy for small bowel bleeding- a systematic review and meta-analysis. Gastrointest. Endosc. 2017, 85, 305–307. [Google Scholar] [CrossRef] [PubMed]

	



Tziatzios, G.; Gfolfakis, P.; Hassan, C.; Toth, E.; Zullo, A.; Koulaouzidis, A.; Dimitriadis, G.D.; Triantafyllou, K. Meta-analysis shows similar re-bleeding rates among Western and Eastern populations after index video capsule endoscopy. Dig. Liver Dis. 2018, 50, 226–239. [Google Scholar] [CrossRef] [PubMed]

	



Wang, J.C.; Pan, J.; Liu, Y.W.; Sun, F.Y.; Qian, Y.Y.; Jiang, X.; Zou, W.B.; Xia, J.; Jiang, B.; Ru, N.; et al. Adverse events of video capsule endoscopy over the past two decades: A systematic review and proportion meta analysis. BMC Gastroenterol. 2020, 20, 364. [Google Scholar] [CrossRef] [PubMed]

	



Rondonotti, E.; Herrerias, J.M.; Pennazio, M.; Cunedo, A.; Mascarenhas-Saraiva, M.; de Franchais, R. Complications, limitations and failures of capsule endoscopy: A review of 733 cases. Gastrointest. Endosc. 2005, 62, 712–716. [Google Scholar] [CrossRef] [PubMed]

	



Fleischer, D.E.; Heigh, R.I.; Nguyen, C.C.; Leighton, J.A.; Sharma, V.K.; Musil, D. Video capsule impaction at the cricopharyngeus: A first report of this complication and its successful resolution. Gastrointest. Endosc. 2003, 57, 427–428. [Google Scholar] [CrossRef] [PubMed]

	



Schneider, A.R.; Hoepffner, N.; Rosch, W.; Caspary, W.F. Aspiration of an M2A capsule. Endoscopy 2003, 35, 713. [Google Scholar]

	



Kim, H.S.; Chun, H.J. Capsule Endoscopy: Pitfalls and Approaches to Overcome. Diagnostics 2021, 11, 1765. [Google Scholar] [CrossRef]








[image: Diagnostics 14 00862 g001] 





Figure 1. Jejunal angiodysplasias. 
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Figure 2. Cecal angiodysplasias previously missed in colonoscopy and diagnosed using VCE. 
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Figure 3. Gastrointestinal stromal tumor (GIST) in the small bowel. 
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Figure 4. NHL of the jejunum. 
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Figure 5. Metastases of malignant melanoma. 
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Figure 6. Adenocarcinoma of the proximal jejunum. 
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Figure 7. Leomyosarcoma of the medial ileum. 
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Figure 8. Double lumen sign in a patient with Meckel’s diverticulum. 
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Figure 9. Subtle aphtous lesions that can be missed with other diagnostic tools. 
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Figure 10. Serpiginous and linear ulcerations in the small bowel. 
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Figure 11. Celiac disease in the proximal jejunum (left) and ‘patchy’ celiac disease in the ileum (right). 
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Figure 12. Polyp in the terminal ileum. 
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Figure 13. Cecal bleeding diverticulosis. 
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Figure 14. Solitar venectasia. 
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Figure 15. Intestinal parasitosis—Enterobius vermicularis. 
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Table 1. Demographic data.
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Overt Bleeding

N = 92

	
Occult Bleeding

N = 106

	
Other Indication

N = 47






	
Sex (male)

	
52 (56.5%)

	
57 (53.7%)

	
23 (48.9%)




	
Age (mean, age range)

	
50 (3–83)

	
52 (8–83)

	
40 (17–71)




	
Past medical history




	
Hypertension

	
18

	
20

	
4




	
Diabetes mellitus

	
15

	
8

	
1




	
Chronic obstructive pulmonary disease

	
8

	
4

	
/




	
Chronic renal failure

	
10

	
15

	
2




	
Cardiomyopathy

	
5

	
6

	
/




	
Atrial fibrillation

	
8

	
10

	
/




	
Cerebrovascular insult

	
/

	
2

	
/




	
Liver cirrhosis

	
/

	
/

	
1




	
IBD

	
/

	
/

	
2




	
Drugs




	
Warfarin

	
3

	
4

	
/




	
DOAC

	
5

	
6

	
/




	
Salicilates

	
15

	
18

	
/




	
NSAID

	
5

	
6

	
2




	
Duration of symptoms (in months)

	
13 (1–72)

	
21 (2–108)

	
23 (2–84)




	
Hemoglobin level prior CE (mean, range g/L)

	
95 (60–125)

	
98 (72–151)

	
110 (85–135)




	
Previous red cell blood transfusion (Yes)

	
20

	
23

	
/




	
Number of transfusion prior to CE

	
2 (1–3)

	
1 (1–2)

	
/




	
Previous hospital admissions due to bleeding (Yes)

	
24

	
34

	
/




	
Number of previous hospitalizations due to bleeding

	
1 (1–2)

	
2 (1–3)

	
/











 





Table 2. Indications and findings of VCE.
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Indication

	
Number

	
P2 Lesions

	
P1 Lesions

	
P0 Lesions

	
p






	
Obscure GI bleeding

	
Overt

	
92

	
45

(48.9%)

	
22

(23.9%)

	
25

(27.2%)

	
a p = 0.007




	
Occult

	
106

	
32

(30.2%)

	
32

(30.2%)

	
42

(39.6%)




	
Other indications

	
47

	
18

(38.3%)

	
6

(12.8%)

	
23

(48.9%)

	








a statistical difference in the frequency of P2 lesions among patients with occult and overt OGIB.













 





Table 3. VCE findings in patient with overt and occult OGIB.
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P2 Lesions

(N = 77)

	
P1 Lesions

(N = 54)






	
Vascular lesions

	
31 (40.3%)

	
Isolated vascular lesions

	
25 (46.3)




	
Tumor

	
22 (28.6%)

	
Substenosis

	
7 (13%)




	
Meckel’s diverticulum

	
13 (16.9%)

	
Tumor

	
6 (11.1%)




	
Crohn’s disease

	
3 (3.8%)

	
Celiac disease

	
3 (5.6%)




	
Celiac disease

	
3 (3.8%)

	
Crohn’s disease

	
3 (5.6%)




	
Erosions

	
3 (3.8%)

	
Erosions

	
3 (5.6%)




	
Polyp

	
1 (1.3%)

	
Meckel’s diverticulum

	
3 (5.6%)




	
Colon diverticulosis

	
1 (1.3%)

	
Parasitosis

	
1 (1.8%)




	

	

	
Lymphoid agregates

	
1 (1.8%)




	

	

	
Polyp

	
1 (1.8%)




	

	

	
Diverticulum

	
1 (1.8%)











 





Table 4. Indications and suspected underlying SB pathology excluding OGIB in VCE patients.






Table 4. Indications and suspected underlying SB pathology excluding OGIB in VCE patients.












	Indication for VCE

(Clinical Suspicion)
	Number
	P2 Lesions
	P1 Lesions
	P0 Lesions





	Crohn’s disease
	8
	2
	2
	4



	Tumors
	7
	3
	0
	4



	Peutz-Jeghers syndrome
	5
	4
	0
	1



	Chronic diarrhea
	5
	2
	2
	1



	FAP
	3
	2
	0
	1



	Congenital lymphangiectasiae
	
	1
	0
	2



	Polyps
	3
	0
	0
	3



	Von Hippel–Lindau syndrome
	2
	0
	0
	2



	Abdominal pain
	2
	1
	0
	1



	Refractory celiac disease
	2
	1
	0
	1



	Protein-losing enteropathy
	2
	0
	2
	0










 





Table 5. VCE findings in patients with indications other than OGIB for VCE.
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P2 Lesions

(N = 18)

	
P1 Lesions

(N = 6)






	
Tumor

	
5 (27.7%)

	
T cell lymphoma

	
2 (33.2%)




	
Peutz–Jeghers sy.

	
4 (22.2%)

	
Meckel’s diverticulum

	
1 (16.7%)




	
Lymphangiectasie

	
2 (11.1%)

	
Celiac disease

	
1 (16.7%)




	
FAP

	
2 (11.1%)

	
Crohn’s disease

	
1(16.7%)




	
Crohn’s disease

	
2 (11.1%)

	
Pouchitis

	
1 (16.7%)




	
Celiac disease

	
1(5.6%)

	




	
Portal duodenopathy

	
1(5.6%)




	
Small bowel diverticulosis

	
1 (5.6%)

















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2024 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).








Check ACS Ref Order


