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Abstract

Video capsule endoscopy (VCE) was launched in 2000 and has revolutionized direct endoscopic imaging of the gut. VCE is now a first-line procedure for exploring the small bowel in cases of obscure digestive bleeding and is also indicated in some patients with Crohn’s disease, celiac disease, and polyposis syndrome. A video capsule has also been designed for visualizing the esophagus in order to detect Barrett’s esophagus or esophageal varices. Different capsules are now available and differ with regard to dimensions, image acquisition rate, battery life, field of view, and possible optical enhancements. More recently, the use of VCE has been extended to exploring the colon. Within the last 5 years, tremendous developments have been made toward increasing the capabilities of the colon capsule. Although colon capsule cannot be proposed as a first-line colorectal cancer screening procedure, colon capsule may be used in patients with incomplete colonoscopy or in patients who are unwilling to undergo colonoscopy. In the near future, new technological developments will improve the diagnostic yield of VCE and broaden its therapeutic capabilities.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Video capsule endoscopy; Esophagus; Small bowel; Colon; Obscure digestive bleeding; Polyp

Core tip: The authors review the indications and developments of the video capsule endoscopy (VCE) both for exploring the esophagus, the small bowel and the colon. Interestingly, the use of VCE in case of obscure digestive bleeding is defined in a decisional algorithm. Actual and potential indications for colon capsule endoscopy are described enlighten technical developments.

Bouchard S, Ibrahim M, Van Gossum A. Video capsule endoscopy: Perspectives of a revolutionary technique. World J Gastroenterol 2014; 20(46): 17330-17344  Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i46/17330.htm  DOI: http://dx.doi.org/10.3748/wjg.v20.i46.17330

INTRODUCTION

Video capsule endoscopy (VCE) has been available in clinical practice for evaluation of the small bowel since 2001. The first capsule that was approved in Europe and in the United States was the M2A® (Given Imaging; Yoqneam, Israel). VCE has revolutionized direct endoscopic imaging of the small-bowel and is now widely used in clinical practice worldwide[1]. VCE has been an important subject of research with close to 1500 publications in the past fifteen years and continues to generate great scientific interest. VCE technology is in constant evolution as new indications and new capsule functions are being developed in order to improve the diagnostic and possible therapeutic utility of VCE[2]. Initially used only for small-bowel evaluation, VCE was recently adapted for evaluation of the esophagus and the colon. In this review, we have mainly focused on the use of VCE for evaluation of the small-bowel and the colon and we discuss the latest advancements and future plans in VCE technology.

ESOPHAGEAL VCE

GERD and Barrett’s esophagus

Several studies haven shown that the Pillcam esophageal video capsule (ECE) has a good sensitivity and specificity for detecting esophageal abnormalities or Barrett’s esophagus[3-5].

Domingos et al[6] evaluated ECE with methylene blue chromoendoscopy for detecting esophageal lesions in which there was a suspicion of cancer, the length and pattern of Barrett esophagus and the presence of hiatal hernia.

ECE sensitivity, negative predictive value and accuracy were 100%, 100% and 79%, respectively for the detection of esophageal lesions suspected of cancer. ECE accuracy in assessing Barrett’s esophagus length was 89%. ECE was not so good for detecting hiatal hernia (sensitivity was 43%). Chang et al[7] also showed that esophageal VCE was acceptable, feasible and safe to screen Barrett’s esophagus in the community.

There were some encouraging reports about the use of a string esophageal capsule endoscopy for detecting Barrett’s esophagus[8]. Chen et al[9] recently describe the use of a string esophageal capsule endoscopy with real-time viewing that improved the visualization of the distal esophageal Z-line.

In conclusion, esophageal capsule endoscopy seems to be a convenient and sensitive method for detecting Barrett’s esophagus and esophagitis but is not yet widely used in comparison with standard endoscopy that allows chromoendoscopy and biopsy.

Esophageal varices

Various studies have evaluated the potential of esophageal capsule endoscopy for diagnosing esophageal varices. A recent meta-analysis including 9 studies with 631 patients showed a sensitivity of 83% and a specificity of 85% respectively for detecting esophageal varices[10]. It is accepted that esophageal capsule endoscopy could be used in some situations but could not be recommended to replace standard optical endoscopy.

SMALL BOWEL VIDEOCAPSULE ENDOSCOPY SYSTEM

The small bowel videocapsule endoscopy (SBVCE) system consists of a wireless capsule containing a video camera, a sensing system (including either a sensing belt or pad, a data recorder unit, a battery pack, and a real-time viewer) and a personal computer workstation. The workstation is equipped with manufacturer software that offers various functions (localization system, color enhancement system, blood detector, quick viewer, scoring system, image atlas) that can assist the examiner in reviewing and interpreting the SBVCE images[11].

Different capsule endoscopy systems are currently available: PillCam (Given Imaging®; Yoqneam, Israel), EndoCapsule (Olympus; Center Valley, PA, United States), Mirocam (IntroMedic; Seoul, South Korea), OMOM capsule (Jinshan Science and Technology; Chongqing, China) and CapsoCam (CapsoVision Saratoga; United States). The various capsules differ with regard to dimensions, image acquisition rate, battery life, field of view, and possible optical enhancements (Table 1). PillCam has been the most studied capsule endoscopy system. 

PillCam and MiroCam capture images using a complementary metal oxide silicon sensor while endocapsule and the OMOM capsule use a charge-coupled device[12].

In August 2013, the new generation of PillCam (SB3) received FDA clearance. This capsule system has an adaptative frame rate technology (2 to 6 frames per second) that adjusts to capsule speed and generates small-bowel images with improved resolution.

The CapsoCam SV-1 has four cameras that together provide a 360 degree view of the small-bowel and uses Smart Motion Sense Technology that allows the cameras to capture images only when the capsule is moving. CapsoCam SV-1 is a wire-free capsule system. There is no need for a recording device. The capsule must be collected by the patient in a special waste collector.

SAFETY ISSUES

SBVCE is contraindicated in patients with known or suspected gastrointestinal obstruction, strictures, or fistulas, due to the risk of capsule impaction and retention. The overall rate of capsule retention has been reported to be 1.4%[1], but can be higher in patients at higher risk, such as in patients with known Crohn’s disease. In the event of capsule retention, endoscopic or surgical removal may be necessary.

The patency capsule (Agile; Given Imaging) is a dissolvable capsule that allows physicians to verify the patency of the gastrointestinal (GI) tract before performing a SBVCE examination in patients at risk for capsule retention (Crohn’s disease, small-bowel tumor, suspected or known strictures). The patency capsule has a similar shape and size to PillCam SB2. It consists of a dissolvable body composed of lactose and barium sulfate surrounded by cellophane walls. Inside the patency capsule, a radiofrequency identification tag allows detection by radiography or a portable radiofrequency scanner.

In a fluid-filled environment, the patency capsule begins to dissolve after 30 h. After dissolution of the capsule body, the non-degraded outer membrane is able to pass through strictures. It is determined to be safe to perform an SBVCE examination if the patency capsule has been excreted intact or if it is not detected by the radiofrequency scanner 30 h after its ingestion[13,14].

In patients with cardiac pacemakers or implanted electromedical devices, there is a theoretical risk of electromagnetic interference with SBVCE. Many capsule manufacturers do not recommend the use of SBVCE in these patients. A recent study suggests that although interference can occur between SBVCE and cardiac devices, causing loss of images or impaired quality of video, SBVCE in these patients is safe and is not associated with cardiac events or cardiac device dysfunction[15]. In such situations, it may be preferable to use CapsoCam technology.

Pregnancy is a contraindication to SBVCE due to a lack of safety data. Patients with swallowing disorders are at risk of tracheal aspiration of the capsule. In these patients, the capsule should be placed endoscopically[13].

SMALL BOWEL PREPARATION BEFORE SBVCE

Before SBVCE, a clear liquid diet and an 8-hour fast is suggested by manufacturers of VCE systems. Numerous studies have suggested the benefit of various bowel preparation schedules before SBVCE, yet there is still no consensus on the optimal preparation regimen (Table 2). 

According to two recent meta-analyses, small-bowel purgative preparation [with polyethylene glycol (PEG) solution or sodium phosphate] improves small-bowel mucosa visualization but does not influence small bowel transit time or SBVCE completion rate[16,17]. One of these meta-analyses also suggested that purgative preparation improves the diagnostic yield of the examination[16]. No clinically significant adverse event was related to small-bowel preparation[16].

A recent meta-analysis from Kotwal et al[18], also concluded that PEG solution improves visualization of the mucosa and that purgative preparation improves the diagnostic yield. Again, there were no effects on small-bowel transit time or completion rate. The use of simethicone also seems to improve visualization by reducing air bubbles. Prokinetics did not improve SBVCE completion rate.

Preparations with PEG solutions have been the most widely studied and there is no difference regarding the quality of bowel preparation, diagnostic yield, or completion rate between patients receiving two or four liters[19].

Different subjective scoring systems exist to assess the quality of SB preparation. Recently developed, the computer-assisted cleansing score is directly derived from SBVCE images and is based on the ratio of color intensities on a tissue color bar as a measure of small bowel contamination[20]. 

Around 80% of patients undergoing SBVCE have a complete examination of the small bowel[16]. Factors associated with incomplete examinations include inpatient status, delayed gastric emptying, prior abdominal surgery, and, possibly, older age and diabetes mellitus[12].

MAIN INDICATIONS

The most common applications of SBVCE include investigation of obscure GI bleeding, suspected Crohn’s disease, suspected or refractory celiac disease, suspected small-intestinal tumors, and surveillance of patients with hereditary polyposis syndromes[13] (Table 2).

Obscure gastrointestinal bleeding 

Obscure gastrointestinal bleeding (OGIB) is defined by recurrent or persistent bleeding of unknown origin after a negative initial investigation with esophagogastroduoden- oscopy (EGD) and colonoscopy. OGIB can be further categorized as either overt (visible GI bleeding) or occult (recurrent iron deficiency anemia and/or recurrent positive fecal occult blood test results). This represents approximately 5% of all cases of GI bleeding[13].

For patients with active overt OGIB or with occult OGIB, the 2010 American Society of Gastrointestinal Endoscopy guidelines for endoscopic management of OGIB recommend repeating an EGD if the clinical presentation suggests upper GI bleeding or repeating a colonoscopy if there is a clinical suspicion of lower GI bleeding. If this is not the case, small-bowel evaluation is recommended and, in most patients, SBVCE is a reasonable first choice[21] (Figure 1). 

The diagnostic yield (DY) of SBVCE in OGIB ranges from 35%-77%[13]. Many factors are associated with a higher detection rate of positive findings[22-28] (Table 2).

To assess the DY of SBCE in IDA data from relevant studies were pooled[29]. The pooled DY of SBCE in IDA, evaluated by a random-effects model, was 47% (95%CI: 42%-52%), but there was statistically significant heterogeneity among the included studies (I2 = 78.8%, P < 0.0001). The pooled DY of SBCE in studies focused solely on patients with IDA (subset 1, 4 studies) was 66.6% (95%CI: 61.0%-72.3%, I2 = 44.3%); conversely, that of studies not focusing only on IDA patients (subset 2, 20 studies) was 44% (95%CI: 39%-48%, I2 = 64.9%). In patients younger than 40 years with IDA, SBVCE may reveal a more serious pathology (small-bowel malignancy, significant inflammation, strictures, celiac disease) in 25% of patients[30].

As many as 21% of patients with OGIB might actually have a missed or underestimated lesion at upper or lower endoscopy[31,32]. The most common small bowel (SB) cause of OGIB, especially in elderly patients, is arteriovenous malformations or angiectasis (20%-55% of cases of OGIB). Small bowel tumors represent 10%-20% of cases of OGIB and are the leading cause of OGIB in patients less than 50 years old. Other SB causes are: Crohn’s disease, celiac disease, Meckel’s diverticulum, drug-induced enteropathy, Dieulafoy lesion, and ectopic varices[31].

The therapeutic effect of SBVCE in OGIB has been evaluated in many studies. In a retrospective study from Redondo-Cerezo et al[33], 50.7% of patients with positive findings received a specific treatment [including discontinuation of non-steroidal anti-inflammatory drugs (NSAIDs)] and bleeding stopped or stabilized in a majority of patients. In a recent nationwide analysis in South Korea, interventional treatment was performed in 22.9% of patients with significant findings at SBVCE but did not influence the rebleeding rate[34].

At long-term follow-up, the rebleeding rate after a negative SBVCE varies from 4% to 27%[35-37]. The long-term rebleeding rate after a positive CE has been reported to be higher compared to patients with a negative SBVCE[37], although some studies have demonstrated comparable rebleeding rates. Specific treatment after a positive SBVCE does seem to lower the risk of rebleeding[38]. There are several reported risk factors for rebleeding[34,39] (Table 3). 

In OGIB, SBVCE has a better diagnostic yield compared to radiographic barium studies[40]. Many studies have also demonstrated that SBVCE is superior to computed tomodensitometry enterography (CTE) and magnetic resonance enterography (MRE)[41,42]. In a recent prospective study, patients with overt OGIB were randomized to early CE or angiography. Early SBVCE had a higher diagnostic yield than angiography (53.3% vs 20.0%) and long-term outcomes were comparable[43].

SBVCE has also been compared to other SB endoscopic procedures in OGIB. A meta-analysis of fourteen studies[32] demonstrated that the diagnostic yield for clinically significant lesions is higher for SBVCE than push-enteroscopy (DY 56% vs 26%). In comparison to double-balloon enteroscopy (DBE), three meta-analyses have shown comparable diagnostic yields[44-46]. SBVCE is a less invasive procedure than DBE, but DBE has the advantage of allowing biopsies and treatment of endoscopic findings.

After a negative SBVCE, stable patients with OGIB can be managed conservatively with iron therapy[21]. However, patients with persistent or recurrent bleeding can benefit from a second-look SBVCE, as positive findings have been found in 41.6% of patients in a recent study. This is particularly true if the bleeding presentation changes from occult to overt or if hemoglobin values drop by ≥ 4 g/dL[47].

Inflammatory bowel diseases

Crohn’s disease is a chronic inflammatory bowel disease that can affect the entire length of the GI tract. As many as half of patients have disease involving both the small bowel and the colon, and up to one-third of patients have only small-bowel involvement[48]. There is no single gold-standard for the diagnosis of CD. Diagnosis is based on a combination of clinical (chronic diarrhea, abdominal pain, weight loss) and physical examination features, as well as laboratory, radiographic, endoscopic, and histopathologic findings[49].

In most patients, endoscopic and histopathologic confirmation of CD is done by ileocolonoscopy. In patients with CD involving only parts of the small-bowel out of the reach of standard endoscopic examinations, SBVCE may be used as an initial diagnostic modality. However, in the presence of known strictures or obstructive symptoms, initial evaluation by SBVCE is contraindicated. In this situation, evaluation of the small bowel by CTE or MRE is recommended[50]. SBVCE has a high negative predictive value for CD. Thus, a diagnosis of small bowel CD is improbable if SBVCE evaluation is normal[51].

In patients with established CD, CTE or MRE is often preferable, because of the possibility to evaluate for strictures, disease distribution, and extraluminal disease[50]. In the absence of strictures or if a test with a patency capsule has been done, SBVCE may be used for different indications: assessment of mucosal healing under treatment[52], anemia, or atypical symptoms. SBVCE findings may influence a change of management in a majority of patients[53].

Other clinical situations where SBVCE can be used in established CD patients include evaluation of disease recurrence after surgery[54] and clarification of diagnosis in patients with inflammatory bowel disease unclassified[55].

SBVCE findings in CD may include erosions, ulcerations, mucosal erythema or edema, loss of villi, strictures, mucosal fissures, and fistula scarring. However, there are no precise validated endoscopic criteria to confirm the diagnosis of CD[56]. Endoscopic findings such as mucosal ulcerations are not specific to CD and are associated with diverse conditions such as Behçet’s disease, vasculitis, radiation enteritis, and drug-induced enteropathy[50]. Most importantly, mucosal anomalies have been reported in 71% of chronic users of non-steroidal anti-inflammatory drugs[57]. Because NSAID-induced mucosal lesions may mimic CD, it is recommended that intake of NSAIDs be stopped at least four weeks before performing a SBVCE in patients with suspected CD[50]. Interestingly, small-bowel lesions are not only seen in pathologic settings, as SBVCE may detect minor mucosal breaks or erosions in 10% of healthy individuals[58].

In order to improve the specificity of SBVCE findings in patients with suspected CD, different predictive markers of CD have been studied such as weight loss[59], perianal disease[60], and levels of fecal calprotectin. A recent retrospective study suggests that in patients with suspected CD and negative initial bi-directional endoscopic investigations, a fecal calprotectin level higher than 100 g/g is a good predictor of positive SBVCE findings and a level higher than 200 g/g is associated with confirmed cases of CD in 50% of patients[61]. In the 2013 European evidence-based consensus for endoscopy in inflammatory bowel disease, it was suggested that the pre-test probability of detecting CD may be improved by selecting patients with extra-intestinal manifestations, inflammatory markers, and/or elevated fecal calprotectin levels[50].

Endoscopic scores have been developed for the evaluation of CD by SBVCE. The Lewis score[62] was validated by Rosa et al[63] and has been incorporated into the PillCam software (RAPID, Given Imaging) to improve the standardization of CD activity. The score incorporates three endoscopic variables (villous edema, ulcer, and stenosis) used to measure disease activity in the proximal, middle, and distal third of the small bowel. The small-bowel tertile with the most points determines the final score. The Lewis score may also be a useful diagnostic tool when performing SBVCE in patients with suspected CD. More recently, a new score called the capsule endoscopy crohn’s disease activity index (CECDAI or Niv Score) has been validated in a multicenter prospective study[64]. The score incorporates three endoscopic parameters: inflammation, extent of disease, and stricture. The final score is calculated by adding the scores of both the proximal and distal small bowel segments.

The diagnostic yield of SBVCE in patients with suspected or established CD has been compared to small-bowel radiology [small-bowel follow-through (SBFT) or enteroclysis] in many studies[65-68]. These studies suggest that the diagnostic yield of CE is higher and that many mucosal lesions are missed with SBFT or enteroclysis. 

Studies have also compared the diagnostic yield of SBVCE with cross-sectional imaging (CTE or MRE). Although a prospective blinded comparison trial did not show an improved sensitivity of SBVCE (83%) vs CTE (82%) for detection of CD[69], many studies have reported an advantage in DY for SBVCE (DY 61%-77%) when compared to the diagnostic yield of CT enteroclysis (DY 29%)[70] or CT enterography (DY 50%-53%)[66,71]. 

A prospective study in patients with suspected or newly diagnosed CD has compared the performance of SBVCE for detecting CD vs other modalities. SBVCE identified proximal CD in more patients than CTE or MRE. Sensitivity and specificity for detecting distal small-bowel CD was also better for SBVCE (100% and 91%) than for CTE (76% and 85%) or MRE (81% and 86%)[72].

A recent meta-analysis compared the diagnostic yield of SBVCE for detecting small-bowel CD with other modalities such as small-bowel radiology (SBR), CTE, MRE, push-enteroscopy (PE), and ileocolonoscopy in patients with suspected or established CD[73]. A total of thirty trials were included in this meta-analysis. For patients with suspected CD, the diagnostic yield of SBVCE was higher than SBR, CTE, and ileocolonoscopy. For patients with established small-bowel CD, SBVCE was better than SBR, CTE, and PE. This meta-analysis was not able to demonstrate an incremental yield when comparing SBVCE with MRE. 

The evaluation of the severity and extent of active ulcerative colitis (UC) using Pillcam colon capsule endoscopy (PCCE) is new domain for VCE. The extent of mucosal damage and inflammatory lesions was identified in a comparative study between PCCE-2 and conventional colonoscopy on 26 patients with significant correlation in the severity and extent of UC between the PCCE-2 and conventional colonoscopy[74]. Another recent series of forty patients with histological confirmed diagnosis of UC confirmed the strong correlation between PCCE and conventional colonoscopy in scoring UC severity using Matts endoscopic scores as judged by PCCE-2 and conventional colonoscopy[75].

This data was confirmed by larger multicenter study with 100 patients with sensitivity of PCCE-2 to detect active colonic inflammation was 89% and specificity was 75%[76].

PCCE is a safe procedure to monitor mucosal healing in ulcerative colitis. Oliva et al[77] recently reported an observational study assessing the diagnostic accuracy of PCCE-2 in pediatric patients with ulcerative colitis. The sensitivity of PCCE-2 for disease activity was 96% and specificity was 100%. However, at this stage, CCE cannot be recommended to replace conventional colonoscopy in the management of this condition. 

Celiac disease

In a meta-analysis of 6 studies including a total of 166 patients with biopsy-proven celiac disease, the sensitivity and specificity of SBVCE for diagnosing celiac disease were, respectively, 89% (95%CI: 82%-94%) and 95% (95%CI: 89%-98%)[78]. However, the role of SBVCE in this setting is rather limited because of the inability to perform small-bowel biopsies that are necessary to confirm the diagnosis.

SBVCE has the advantage of being non-invasive and allows complete visualization of the small-bowel mucosa. In patients with suspected celiac disease who are either unwilling or unable to undergo an EGD, SBVCE could be an alternative[79]. In patients with positive celiac serology despite normal duodenal biopsies, a recent study suggests that SBVCE is unlikely to detect endoscopic findings of celiac disease[80].

SBVCE findings in celiac disease include scalloping of duodenal folds, loss or reduction of duodenal folds, mosaic mucosal pattern, and micronodular pattern of the mucosa[78]. 

SBVCE seems to have a role in patients with complicated or refractory celiac disease. Visualization of the entire length of the small bowel may help identify complications such as ulcerative jejunoileitis and small bowel malignancy[81]. In a prospective study of 47 patients with complicated celiac disease, SBVCE revealed findings consistent with celiac disease in 87% and unexpected findings in over 50% of patients (ulcerations, nodularity, cancer, stricture)[82].

Small intestinal tumors and polyposis syndromes

In patients undergoing examination with SBVCE for various indications, the prevalence of SB tumors ranges from 2%-12%[83]. The most common indication for SBVCE in patients diagnosed with a small-bowel tumor is OGIB[12]. SB tumors are found in the jejunum in 40%-60%, in the ileum in 25%-40%, and in the duodenum in 15%-20%. The majority of patients diagnosed with an SB tumor by SBVCE have already been investigated by multiple previous negative procedures[84].

In a large multicenter European study of 5129 patients undergoing SBVCE, 2.4% of patients had small-bowel tumors. Ninety percent of the tumors were primary and 10% were metastatic. The most common primary tumors were gastrointestinal stromal tumors (GIST) (32%), adenocarcinomas (20%), and carcinoid tumors (15%). Most metastatic tumors are secondary to melanoma[85]. Other primary malignant tumors that can be found in the small-bowel are lymphomas, sarcomas, and hamartomas. The most common benign SB tumors are GIST, hemangiomas, hamartomas, adenomas, and granulation tissue polyps[84].

In patients with familial adenomatous polyposis (FAP), duodenal adenomas occur in 60%-90% of patients and have a tendency to involve the periampullary region. Four to twelve percent of patients will develop duodenal cancer in their life. The occurrence of jejunal and ileal adenomas is, respectively, 40% and 20%, with a lower risk of malignant transformation[48]. FAP patients with duodenal adenomas seem to be at higher risk of having more distal SB adenomas[86]. For this reason, SBVCE should be considered in FAP patients with duodenal polyps[12]. Since SBVCE detects the periampullary region in a low proportion of patients[86], EGD with a side-viewing endoscope starting at age 25-30 with screening intervals based on Spigelman stages is still recommended in all patients with FAP[12,48].

Patients with Peutz-Jeghers syndrome have GI polyps and mucocutaneous pigmentation. Most gastrointestinal polyps occur in the small bowel[87]. SBVCE should be considered as a first-line screening modality for surveillance in patients with Peutz-Jeghers syndrome[12,87]. This screening should begin at age 8 and, if no polyps are found, it should be continued every 3 years starting at age 18[87].

For surveillance of the SB in patients with hereditary polyposis syndromes, SBVCE is superior to barium contrast studies[88]. When compared to MRE, SBVCE seems better for detecting polyps less than 5 mm, but the detection rate for larger polyps seems similar[89,90]. However, MRE may be more accurate for the description of size and location of polyps and has the advantage of giving extraintestinal information[13].

RECENT DEVELOPMENTS AND THE FUTURE OF VCE

Novel imaging techniques
Fuji intelligent color enhancement (FICE) technology processes ordinary endoscopic images into spectral images of given wavelengths. This image reconstruction results in fine high-contrast images. FICE software has been incorporated into the Given imaging workstation (Given Imaging Ltd; Yokneam, Israel) and the examiner can simply switch from conventional white light images to three different settings of FICE reconstructed images by clicking an icon in the Rapid Reader software. Blue mode is an additional setting that is incorporated into the Rapid Software and represents a color coefficient shift of light in the short wavelength range (490-430 nm) superimposed onto a white light image[91].

Data on the role of FICE in capsule endoscopy and its impact on the visualization of small-bowel lesions are still limited and some of the results have been discordant.

In a study by Gupta et al[92], sixty SBVCE examinations for OGIB were retrospectively analyzed with and without FICE enhancement by two observers. Randomization was such that an observer did not evaluate the same examination with and without FICE enhancement. FICE did not improve the diagnostic yield of the examination and significantly more non-pathological lesions were observed with FICE. In patients with vascular lesions, some were better characterized by FICE. Another study by Matsumura et al[93] also found that although FICE detected significantly more small bowel lesions than conventional imaging (2.5 ± 2.1 vs 1.8 ± 1.7 respectively, P = 0.001), there was no improvement in diagnostic yield.

Use of FICE and Blue-mode enhancement in capsule endoscopy images of six different types of small bowel lesion was also evaluated by Krystallis et al[91]. FICE was ineffective in improving endoscopic images except in a small proportion of certain lesions (ulcer/aphthae, lesions of indeterminate clinical significance or blood in lumen) that were improved with FICE setting 1 [RGB wavelength, (595, 540, 535 nm)]. Most importantly, Blue-mode enhancement was associated with an improved image when compared to white light images in 83% of patients for all types of lesions. 

These conclusions differ from those of a study by Imagawa et al[94] suggesting that the use of FICE enhances image quality of angiectasis, erosions/ulcerations, and tumors. Blue-mode enhancement was not evaluated in this study.

Another technique that has been recently studied is three-dimensional reconstruction of capsule endoscopy images using software algorithms (shape-from-shading) from two-dimensional images. The use of this software leads to improved visualization of a significant proportion of vascular lesions[95].

Rondonotti et al[96] evaluated whether “coupling” 3D reconstructed video clips with the standard 2-dimensional (2D) counterparts helps in distinguishing masses from bulges. The adjunction of a 3D reconstruction to the 2D video reading platform does not improve the performance of expert SBVCE although it significantly increases the performance of novices in distinguishing masses from bulging.

External real-time image viewer

A case-control study was conducted to evaluate whether the use of an external real-time viewer could improve the completion rate of SBVCE and if it influenced the rate of positive findings. For patients followed with a real-time viewer, water and/or metoclopramide was administered if capsule transit was delayed. Use of an external real-time viewer was associated with a higher completion rate and a higher diagnostic yield[97].

Intraoperative real-time capsule endoscopy

For intraoperative identification of a bleeding lesion in the small bowel, Yamashita et al[98] have reported the use of real-time capsule endoscopy in two patients. The patients had a long double-lumen tube inserted nasally 3 or 4 d before the surgery. This tube migrates to the anus by the day of surgery. During surgery, a capsule is attached to the distal end of the tube and the site of the bleeding lesion is identified precisely by pulling on the tube.

Maneuverable capsules

Several prototypes of self-propelled capsules (using fins, legs, or a self-contained propeller) have recently been evaluated in an attempt to allow capsules to navigate and stabilize in areas of pathology, which could improve their diagnostic and possibly therapeutic capabilities[2]. Magnetically-guided capsule endoscopy (MGCE) has been studied mostly for examination of the stomach because visualization of the gastric mucosa is incomplete when the capsule is propelled only by gastric motility. A recent blinded nonrandomized comparative study of gastric evaluation with MGCE vs conventional gastroscopy showed less missed endoscopic findings with MGCE but similar diagnostic yields[99].

Pasricha et al[100] recently reported of a novel method of controlled colonic insufflation (CO2) via an untethered capsule in vivo. This technological innovation that was assessed in porcing colons addresses a critical need in colon capsule endoscopy.

Capsules with biopsy and therapeutic capabilities

Capsules that can perform mucosal tagging, biopsies or therapeutic interventions are in development. For example, a magnetically-maneuvered capsule that can release a nitinol clip to treat an iatrogenic bleed has been evaluated in a pig model. Non-video capsules that can deliver drugs with a pH-activated or temperature-activated release mechanism have also been evaluated. However, improvement in capsule maneuvering capabilities are necessary before these capsules can be further developed[2,101].

COLON CAPSULE 

Colon capsule endoscopy (CCE) is recently developed to image the whole colon in a noninvasive way. Only few studies are available in the literature. Reported results are still controversial and conflicting. There is still a high degree of uncertainty regarding clinical indications of CCE. Colorectal cancer screening still remains a challenge because most patients decline to participate in screening programs due to anxiety directly related to the endoscopic procedure. In this context, the colon capsule has a potential future but more data in needed to answer many pending questions such as the best preparation method, the best scoring method, the best booster and mainly the best indications. 

In this part we are going to demonstrate the available literature regarding indication, efficiency of CCE and future hopes. 

System

The first generation PillCam Colon (Given Imaging; Ltd., Israel) has been extensively described in previous studies[102,103]. It is a 31 mm × 11 mm ingestible capsule, specifically designed for colon exploration, It has dual cameras, enabling it to acquire images from both ends. The angle of view from each imager is 156°. CCE is equipped with an advanced light control in order to ensure an optimal visualization of the colonic mucosa. It acquires images at a rate of 4 frames per second. 

Recently, a second-generation colon capsule system has been developed to increase capsule sensitivity for detection of colonic findings and to simplify the procedure[104]. This new system comprises new developments of the colon capsule (PCCE-2), data recorder and software for video processing and viewing. The new CCE-2 is 11.6 mm × 31.5 mm in size, slightly bigger than the previous capsule. It has 2 imagers with wider angle of view that has been increased to 172° for each imager, allowing nearly 360° coverage of the colon. PCCE-2 captures 35 images per second when in motion and 4 images per second when it is virtually stationary. The new data recorder (DR3) also assists and guides the physician and the patient through the procedure. In fact, it buzzes and vibrates and displays instructions on its liquid crystal diode screen to alert the patient to continue the preparation protocol. 

The new DR3 by Given Imaging Ltd; Yoqneam, Israel not only stores the capsule’s incoming images but also analyzes them in real time to control the capsule capture rate of images at an adaptive frame rate. When DR3 recognizes that the capsule is virtually stationary, it sets the image capture rate to 4 frames per second. When the DR3 recognizes that the capsule is in motion, it sets the image capture rate to 35 frames per second. A recent study tested the reliability of the automatic detection of the small bowel (SB) mucosa and the subsequent alert for booster ingestion by the data recorder 3 (DR3) of the second-generation colon capsule endoscopy (PCCE-2). A series of 120 consecutive cases of PCCE-2 was analyzed for proper DR3 automatic detection of the capsule entering the SB. The DR3 correctly identified the proper time for ingestion of the laxative (booster) in 118 of 120 cases, corresponding to a sensitivity of 98.3% (95%CI: 97%-100%). The median time difference between DR3 automatic SB detection to the observed entrance of the capsule into the SB was 210 s (interquartile range: 95-357 s)[105]. 

One of the major limitation PCCE examination is the time-consuming video reading but there is normal view examination is very important especially in polyp detection, A recent study assessed the theoretical time-saving potential of “QuickView” which may reduce the frames to be analyzed but the risk of less identification of candidates for therapeutic colonoscopy[106]. 

Colon preparation

The colon preparation has been adapted for meeting several objectives: first, to clean the colon as well as possible, second, to provoke the progression of the capsule throughout the small bowel up to the colon and third, to provide residual clear liquid in order to facilitate the visualization of the colonic mucosa using the so-called “submarine view”. Patients have to follow a clear liquid diet the day before the procedure. On the evening before colon ingestion, patients orally ingested 3 L of polyethylene glycol solution (ColoPEG®) and an additional liter between 6.00 and 7.00 on the day of the procedure. Then the patient ingest the capsule after having received two 10 mg Domperidone. Two hours after the capsule ingestion, patients orally ingested 45 mL of sodium phosphate solution (Fleet Phosphosoda) that serves as a booth for facilitating the capsule progression. The progression of the capsule is assessed with the real time viewing system performed with rapid access real time tablet DC (Given Imaging). The quality of the colon cleansing is determined according to a four-point grading scale (excellent, good, fair, poor) as previously described[103,107].

The standard preparation was recently challenged in many studies aiming to have better patient comfort as well higher cleansing levels. A recent study examined the idea of decreasing the time needed for preparation i.e., one day instead of two days in a randomize fashion, the one day group received a fiber-free diet and 3 L of PEG on day 0; while two-day group received a liquid diet and 3 L of PEG in the evening of day-1, and 1 L of PEG in the early morning of day 0. The authors were not able to show statistically significant difference between both groups but with better cleanliness tendency in the group of one day preparation[108].

A recent multicenter prospective series compared again the “reduced volume method” (group A) with the “conventional volume method” (group B) preparation regimens, where Group A did not drink polyethylene glycol electrolyte lavage solution (PEG-ELS) the day before the capsule procedure, while group B drank 2 L. During the procedure day, groups A and B drank 2 L and 1 L of PEG-ELS, respectively, two hours later the first booster of 100 g magnesium citrate mixed with 900 mL water was administered to both groups, and the second booster was administered six hours post capsule ingestion as long as the capsule had not been excreted by that time. Sixty-four subjects were enrolled, with results from 60 analyzed with no significant difference between the 2 groups in the term of colon cleanliness[109].

Sodium phosphate (NaP) is needed as booster for PCCE although many potential risks are documented with NaP. A comparative study assessed the feasibility of substituting sodium phosphate with PEG-boosters in the protocol preparation for PCCE, The excretion rate was higher in NaP group but without significant difference in terms of colon cleansing[110].

Indication of colon capsule 

Polyp detection: The prospective, multicentre European study comparing CCE to optical colonoscopy was performed in 328 adults (mean age: 58.6, range: 22-84 years) with known or suspected lesions for the detection of colorectal polyps or cancer[72]. Optical colonoscopy (OC) was considered as the gold standard against which PCCE-1 was compared. At 1:45 am post-ingestion (upon “wake-up”) the capsule remained proximal to the cecum in 97.5% of the patients. Sixty-nine percent of the patients excreted the capsule within 6 h post-ingestion and 92.8% within 10 h. Colon cleanliness was considered to be good-to-excellent in 72% of patients for PCCE and in 87% for conventional optical colonoscopy. In this cohort of 320 patients who were included in the accuracy analysis, 68% of the patients had at least one polyp, the majority being less 6 mm in size. Fifty patients (16%) had at least one polyp equal or greater than 10 mm. OC detected 23 invasive carcinomas in 19 patients. Twenty two of the 23 invasive carcinomas measured greater than 10 mm. The sensitivity and specificity of PCCE for detecting polyps that were 6 mm in size or bigger were 64% and 84%, respectively, and for detecting advanced adenoma, the sensitivity and specificity were 73% and 79%, respectively. Interestingly, the sensitivity was significantly higher in the patients with good-to-excellent cleanliness (72% of the global population) as compared with the patients with poor or fair cleanliness, with a limited effect on specificity[107].
A second-generation colon capsule endoscopy system (PCCE-2) was developed to increase sensitivity for colorectal polyp detection compared with the first-generation system. A prospective, multicenter trial including 8 European sites involved 117 patients PCCE-2 sensitivity for polyps ≥ 6 mm and ≥ 10 mm was 84% and 88%, with specificities of 64% and 95%, respectively[111] (Table 4).

Incomplete colonoscopy

The role of CCE in incomplete colonoscopy could be of great impact mainly due the reverse direction of examination, i.e., an incomplete colonoscopy misses the examination of caecum and right colon while CCE starts the examination by examination such areas. A recent prospective study studied 75 patients with incomplete colonoscopy confirmed that CCE reached or went beyond the colon segment at which colonoscopy stopped in 91%[112], another smaller series examining same concept but in known or suspected Crohn’s disease patients who refused colonoscopy or underwent incomplete colonoscopy confirmed the effectiveness of CCE in this indication[113].

The efficacy of CCE in helping physicians make decisions about patients with incomplete conventional colonoscopies was assessed in another recent prospective work, where CCE findings allowed formulation of a specific medical plan (polypectomy or surgery for advanced colorectal neoplasia) for 58% of patients[114]. Spada et al[115] performed a prospective, comparative trial comparing colon capsule vs CT colonography (CTC) in patients with incomplete colonoscopy. One hundred consecutive patients were enrolled. PCCE-2 and CTC were able to achieve complete colonic evaluation in 98% of the cases. The relative sensitivity of PCCE-2 compared to CTC was 2.0, indicating a significant increase in sensitivity for lesions ≥ 6 mm. Positive predictive values for polyps ≥ 6 mm and ≥ 10 mm were 96% and 85.7%, and 83.3% and 100% for PCCE-2 and CTC, respectively; the overall diagnostic yield of colon capsule was superior to CTC. In early February 2014, Given Imaging received FDA clearance for Pillcam Colon in patients following incomplete colonoscopy.

Unwilling and unable to perform colonoscopy

The accuracy of CCE in high risk patients who are unable or unwilling to do colonscopy was recently tested in a series of 70 patients, CCE showed positive findings in 34% of patients, six patients were diagnosed with tumors: 4 with colon cancers, 1 with gastric cancer and 1 with a small bowel cancer. The capsule findings were confirmed after surgery in all these patients. This may be another new indication of CCE as an adequate alternative diagnostic tool in patients unable or unwilling to undergo colonoscopy[116]. A Prospective multicenter study confirmed this data by assessing the CCE diagnostic yield in patients with colonoscopy failure or anesthesia contraindication

CCE showed positive findings in 33.6% of patients whom subsequently underwent therapeutic intervention[117].

This confirms the usefulness of CCE in the situation of colonoscopy failure or contraindication. 

Outpatient setting

Up to now, classical colorectal imaging procedures may not be performed on an out-of-clinic basis. This represents a major drawback compared with fecal tests. Because PCCE-2 automatically detects small bowel mucosa, it has the potential to become the first colorectal imaging test to be performed out-of-clinic. A recent study performed on 41 patients with the help of preregistered date recorder DR3 alerts, patients were able to know when to have first booster as well as the need for second booster, the patient compliance to DR3 alerts was 100% which may open a new prospective for home based PCCE-2[118].

CONCLUSION

SBVCE has become a routinely-used method for exploring the small bowel. SBCE is considered as the first-line procedure in case of obscure gastrointestinal bleeding and has some room in case of Crohn’s disease, coeliac disease, small-bowel polyposis, unexplained abdominal pain and/or diarrhea.

Esophageal VCE is feasible but has a limited room in clinical practice.

Recent studies have shown that the second generation of the colon capsule (PCCE-2) has an excellent sensitivity and specificity for detecting colonic polyp or cancer. PCCE-2 is now recommended in case of incomplete colonoscopy (FDA approval) but also in patients who are unwilling or contraindicated for standard colonoscopy. Further studies are ongoing to determine the accuracy of PCCE-2 as a first-line screening procedure for colorectal cancer and maybe for the follow-up of mucosal healing in patients with inflammatory bowel diseases.

There are now several SB capsules that are available on the market with continuous technological developments. Researches are done for performing biopsy sample and therapeutic maneuvers and motion control.
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FIGURE LEGENDS

Figure 1  Small bowel capsule video endoscopy: Obscure digestive bleeding. 1In young patients magnetic resonance enteroclysis may be performed for excluding tumor. OGIB: Obscure gastrointestinal bleeding; CE: Capsule endoscopy; SBVCE: Small bowel capsule video endoscopy; CT: Computed tomography; Hb: Hemoglobin; FOBT: Fecal occult blood test.
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Table 1  Video Capsule


�
Pillcam�
EndoCapsule�
MiroCam�
OMOM�
Capso-vision�
�
�
Colon2�
ESO2�
SB2�
SB3�
�
�
�
�
�
Length�
31�
26�
26�
26�
26�
24�
   27.9�
31�
�
Weight, g�
     3.4�
     3.4�
     3.4�
  3�
     3.8�
     3.4�
  6�
-�
�
Number of imaging heads�
  2�
  2�
  1�
  1�
  1�
  1�
  1�
  4�
�
Frames, s�
4-35�
14�
  2�
2-6�
  2�
  3�
  2�
12-20�
�
Image sensor�
CMOS�
CMOS�
CMOS�
�
CCD�
CCD�
CCD�
White LEDs�
�
Battery life, h�
10�
30 min�
  8�
≥ 11�
  9�
11�
  8�
15�
�
Antennas�
  8�
NA�
  8�
  8�
  8�
  9�
14�
Wire-free�
�
LED: Light emitting diode; CMOS: Complementary-metal oxide semimiconductor; CCD: Charged coupled device.





Table 2  Small bowel capsule video endoscopy


Preparation�
�
   No preparation�
�
   Fasting since the day before�
�
   Clear liquid diet/a 8-h fast�
�
   Ingestion of PEG (1 or 2 L)�
�
   Simethicone�
�
Indications�
�
   Obscure gastrointestinal bleeding�
�
   Crohn’s disease�
�
   Polyposis (FAP, Peutz-Jeghers…)�
�
   Coeliac disease �
�
   Intestinal tumors�
�
   SB mucosal breaks�
�
   Unsolved abdominal pain/diarrhea�
�
Factors associated with a higher detection rate of positive findings�
�
   Early CE within the first days of admission for overt OGIB�
�
   Advanced age�
�
   Male sex�
�
   Inpatient status�
�
   Use of anticoagulation�
�
   Hepatic comorbidity�
�
   Occurrence of more than one episode of bleeding�
�
   Ongoing overt OGIB�
�
   Hemoglobin level of less than 10 g/dL�
�
   Coexistence of connective tissue disease�
�
   Need for a high number of transfusions before SBVCE�
�
FAP: Familial adenomatous polyposis; OGIB: Obscure gastrointestinal bleeding; CE: Capsule endoscopy; SBVCE: Small bowel (SB) capsule video endoscopy; PEG: Polyethylene glycol.





Table 3  Obscure gastrointestinal bleeding: Reported risk factors for rebleeding


Hemoglobin level of less than 8 g/dL�
�
Age over 70 yr�
�
Presence of a significant lesion at SBVCE�
�
Presence of angiectasis�
�
Duration of OGIB for more than 3 mo�
�
Continuation of anticoagulation�
�
OGIB: Obscure gastrointestinal bleeding; SBVCE: Small bowel capsule video endoscopy.





Table 4  Colon capsule endoscopy: Major studies


Ref.�
Patients with significant findings n (%)�
Sensitivity�
Specificity�
PPV�
NPV�
�
CCE-1�
�
   Eliakim et al[102], 2006 �
16 (19)�
50%�
82%�
40%�
88%�
�
   Schoofs et al[103], 2006 �
13 (36)�
77%�
70%�
59%�
84%�
�
   Van Gossum et al[107], 2009 �
87 (27)�
64%�
84%�
60%�
86%�
�
CCE-2�
�
   Eliakim et al[104], 2009�
18 (19)�
89%�
76%�
46%�
97%�
�
   Spada et al[111], 2011�
45 (41)�
84%�
64%�
62%�
85%�
�
PPV: Positive predictive value; NPV: Negative predictive value; CCE: Colon capsule endoscopy.
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