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Abstract
Video capsule endoscopy (CE) since its introduction 13 years back, has revolutionized our approach to small intestinal diseases. Obscure gastrointestinal bleed (OGIB) continues to be the most important indication for CE with a high sensitivity, specificity as well as positive and negative predictive values. It is best performed during ongoing bleed or immediately thereafter. Overt OGIB has a higher diagnostic yield than occult OGIB. However, even in iron deficiency anemia, CE is emerging as important investigation after initial negative work up. In suspected Crohn’s disease (CD), CE has been shown superior to traditional imaging and endoscopic technique and should be considered after a negative ileocolonoscopy. Although CE has also been used for evaluating established CD, a high capsule retention rate precludes its use ahead of cross-sectional imaging. Celiac disease, particularly where gastro-duodenoscopy cannot be performed or is normal, can also be investigated by CE. Small bowel tumor, hereditary polyposis syndrome, and non-steroidal anti-inflammatory drugs induced intestinal damage are other indications for CE. Capsule retention is the only significant adverse outcome of CE and occurs mostly in presence of intestinal obstruction. This can be prevented by use of Patency capsule prior to CE examination. Presence of cardiac pacemaker and intracardiac devices continue to be relative contraindications for CE, though data do not suggest interference of CE with these devices. Major limitations of CE today include failure to control its movement from outside, inability of CE to acquire tissue for diagnosis, and lack of therapeutic help. With ongoing interesting and exciting developments taking place in these areas, these issues would be solved in all probability in near future. CE has the potential to become one of the most important tools in diagnostic and possibly in the therapeutic field of gastrointestinal disorder.   
© 2014 Baishideng Publishing Group Co., Limited. All rights reserved. 
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Core tip: Since its discovery in the year 2000, more than 1000 articles have been published on capsule endoscopy (CE). The technology is evolving continuously with development of new concepts. This review article discusses the present status of CE and also, sheds some light on possible future solution of the current limitations of this technique. Issues related to technique, patient preparation, image interpretation, and indications have also been discussed. 
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INTRODUCTION

Since its introduction into clinical practice in 2000[1], video capsule endoscopy (CE) has established itself as an invaluable tool for investigating a wide variety of gastrointestinal diseases. Evolving evidence has shown that CE is a reliable, non-invasive as well as a cost-effective test for examining the entire small bowel. ‘Esophagus’ and ‘Colon’ capsules have also been studied, and preliminary data suggest utility in certain subset of esophageal[2-5] and colonic[6,7] diseases. A clear understanding of the indications, risks, and limitations of capsule endoscopy is essential for the judicious and cost-effective use of this investigative tool. More than 1000 studies have been published in last 10 years addressing various aspects of CE, and all important gastrointestinal societies have issued guidelines from time to time[8-10]. This review will describe the technical aspects of CE along with the indications and complications associated with this test and also, outline recent advances as well as future expectations in this field. 
TECHNICAL ASPECTS
Components and design
CE system was pioneered by Given Imaging, Israel and essentially, consists of three components (Figure 1): “Capsule” itself, which is actually a camera which is ingested; a data recorder, which is placed on patient’s body along with sensor pads; and a dedicated computer with software for downloading and analyzing the images from the data recorder. “Capsule” has components of camera including optical dome, light source, lens, a complementary metal oxide semiconductor imager (CMOS), battery, and a wireless transmitter―all packaged into a device. This measures approximately 26 mm × 11 mm and is easily ingested. The battery lasts for about eight h during which standard capsule takes two pictures per second totaling around 50000 images[11]. In the initial version, this camera had 140° field of view. More recent capsule introduced by Given Imaging, called PillCam SB2, now has a broader angle of view (156° vs 140°) and better optics with advanced automatic light control which allows adaptation of light in darker areas of intestine (somewhat akin to flash of a camera). Recently introduced data recorder (DR3 by Given Imaging, Israel) accompanies a screen which can show real time images during ongoing examination. This has shortened the duration of examination, as the procedure may be terminated once cecum is visualized at real time. Dedicated computer has software for viewing the images at variable speed almost like a video. In addition, the instrument also include localization system (for detecting lesion site), blood detector (for identifying site of bleed), double and quadri-viewer (can view multiple images together), quick view, and chromo-endoscopy (Fuji intelligent color enhancement i.e., FICE) (Figure 2). One can calculate inflammation score (Lewis) and compare images with incorporated atlas. It takes 45–90 min (average 60 min) to visualize all the images. With the advanced CE system, even trained nurses and resident doctors can effectively interpret the result in absence of specialist gastroenterologists[12,13]. Quick view examination reduces the time required for image reading to less than 10 min and is useful in urgent situation[14]. Evaluating FICE assisted CE (FICE-CE) to conventional white light CE, a recent study showed that FICE-CE was no better in terms of diagnosing and characterizing significant lesions in patients with obscure gastrointestinal bleeding (OGIB)[15]. However, another recent study did show some encouraging results obtained with FICE-CE in diagnosing polyp[16]. A simple three part sensory array, contained in a belt worn by the patient (without the need of wearing sensory pads), has recently being introduced. However, this does not allow localization of capsule as compared to the conventional eight-sensory pad system. 
In addition to most popular Given Imaging System (PillCam) from Israel, there are other devices that are also available in the market[11]. These include MiroCam (Intromedic, Korea), OMOM pill (Chongqing, China), and EndoCapsule (Olympus, Japan). These three systems have been launched in the market after Given Imaging Capsule; therefore having less scientific data to study. EndoCapsule has charge coupled device chip for imaging in place of CMOS used in PillCam. EndoCapsule has similar characteristics as Given Imaging PillCam Capsule and has been shown to be equally useful[17]. MiroCam measures 24 mm x 10.8 mm and has 150° field of view (170° in version 2). It can take three frames per second with a battery life of 11 h[18]. Compared to all other CE, which use radiofrequency as a mode of data transmission, MiroCam system uses electrical field propagation[18]. A recent study has compared Olympus EndoCapsule with MiroCam capsule and has found a similar overall diagnostic yield but a suboptimum concordance rate[19]. OMOM capsule is somewhat larger (27.9 mm × 13 mm) and has 140° field of view. It can take 0.5–2 frames per second and has a battery life of around 8 h[20]. A new CE system has recently been introduced in the market under the name of CapsoCam (Capso Vision Saratoga, CA, United States) having four cameras. This allows the visualization of small bowel through 360° lateral viewing[21]. It has a battery life of 15 h and takes images at a frame rate of 12–20 per second. This system, however, stores acquired image data on an internal chip. The capsule, therefore, has to be retrieved from stool. This is not only cumbersome, but the capsule with all images may be lost in a small proportion of patients. A recent study has shown comparable efficacy of Capso vision capsule compared to PillCam SB 2 in terms of diagnostic yield and image quality[22].
Testing protocol
Patients are usually placed on a clear liquid diet on the day before the test followed by an 8 to 12 h of fast prior to capsule ingestion. Drinking clear liquids is allowed after 2 h and a light meal after 4 h of capsule ingestion. The patient wears the external recorder till the exam is completed. This is usually accomplished in 8–10 h during which the patient is allowed to continue with their normal daily activities. 
Bowel preparation
The presence of intraluminal contents and slow capsule transit are the two factors that negatively impact the diagnostic yield of CE. Two recent meta-analyses showed an improved diagnostic yield after a purgative preparation[23,24]. However, another meta-analysis[25] concluded that the use of bowel preparation improves mucosal visualization but did not improve diagnostic yield or completion rate. Use of bowel preparation does not significantly alter gastric or small bowel capsule transit time. Therefore, there is currently no consensus opinion on the use of purgative bowel preparation in patients undergoing small bowel CE[9,26]. The most widely practiced bowel preparation regimen involves a 2 liters polyethylene glycol-based purge administered one day before the procedure. The addition of Simethicone to the purge has been shown to reduce the formation of bubbles and improve the quality of images obtained. Use of prokinetic drugs to improve capsule propagation has not shown a consistent improvement in the diagnostic outcome[27,28]. Two recent meta-analysis studies have failed to show any benefit in diagnostic yield with CE after use of proktretics[29,30].
INDICATIONS OF CE

Indications for small bowel capsule endoscopy include obscure gastrointestinal bleeding, iron deficiency anemia, inflammatory bowel disease, celiac disease, small bowel tumors, hereditary polyposis syndrome etc. 
OGIB
OGIB is defined as gastrointestinal bleed either overt or occult, which remains undiagnosed in respect to underlying etiology despite doing upper and lower gastrointestinal endoscopies. OGIB is the most important and the most evaluated indication for CE[31,32]. In a meta-analysis including 227 studies and 22, 840 CE procedures, the diagnostic yield for OGIB was 61%[33]. In another study published subsequently including 911 patients with OGIB, 56% patients had positive finding at CE[34]. 
Overall diagnostic results for CE are somewhat superior for overt OGIB compared to occult OGIB. For overt OGIB, it is important to realize that CE is best performed close to index bleed. In one of our earlier studies[35], involving 385 patients with OGIB from a single center, we found that the diagnostic yield was significantly higher in subgroup where CE was performed within 48 h of index bleed (87%) compared to subgroup where it was performed later (68%). Somewhat similar results have been found in other studies as well. CE is, however, avoided when there is ongoing torrential gastrointestinal (GI) bleed because of fear of blood obscuring the vision and time lost in performing and interpreting the results. 
Etiology for OGIB as detected by CE has varied from study to study[36-38]. In general, arteriovenous malformations, small bowel tumors, drug-related lesions, and Crohn’s disease are the common underlying etiologies. In our published research[35], underlying causes for OGIB at CE included ulcers in 66.2%, tumors in 16.9%, arteriovenous malformation in 8.8%, and worms in 2.8% (Figure 3). In 5.3% cases, blood was noted in small intestine, but no lesion could be identified[35]. Small bowel is, as expected, the commonest site for OGIB. Interestingly, however, in 10%–15% of patients, lesions may be seen in upper GI tract or in colon, which had been missed at primary upper and lower GI endoscopy[36].
Diagnostic results of CE in OGIB have been critically analyzed in number of studies in terms of its impact on changing the management or altering the outcome. It was clearly shown that in 33%–66% of patients undergoing CE, the management strategy was changed based on CE findings[39,40]. In this respect, CE was shown to be superior to push enteroscopy[41]. A large retrospective study from Mayo Clinic showed that use of CE in OGIB resulted in reduction in number of hospitalization, additional investigations, and need for blood transfusion[42]. Recent study from Korea, however, has shown no significant impact of CE on the long term outcome of patients with OGIB[43].
Negative CE in the setting of OGIB, has also been shown to predict the outcome. In fact, the risk of re-bleeding rate after negative CE is very low[44,45], and these patients can be justifiably managed by a conservative approach. Some retrospective studies have, however, shown a high diagnostic yield of repeat CE studies (32%) following a prior negative study[46]. The impact of this on the natural history of OGIB needs further data. 
CE has been compared to other modalities for evaluating OGIB e.g., push enteroscopy, barium studies, intra-operative enteroscopy, and double balloon enteroscopy (DBE). A meta-analysis has clearly shown a significantly better yield for CE (63%) compared to push enteroscopy (23%)[47]. In another study, CE detected a source of bleeding in 72% compared to standard angiography (56%) or computed tomography (CT) angiography (24%) with positive findings at CE in more than 50% cases negative at CT or standard angiography[48]. One study compared angiography with CE in overt OGIB and found the yield to be better for CE compared to angiography (53% vs 20%); this was associated with reduced risk of re-bleeding (17% vs 33%)[49]. Compared to intra-operative enteroscopy, which is the gold standard, CE has been shown to have sensitivity, specificity, and positive and negative predictive values of 95%, 75%, 95% and 86%, respectively[50].

Studies published to date show CE in general, to have a higher diagnostic yield for OGIB compared to DBE[51,52]. One of the most recent meta-analysis involving nine studies (six prospective and three retrospective) has compared CE with DBE in OGIB and has shown similar diagnostic yield. The pooled Odd’s ratio for diagnostic yield with CE compared to DBE in this study was 1.48 (95%CI: 0.90-2.43, P = 0.16)[53].
There has been a lot of concern about cost involved in CE and other new techniques used for OGIB such as balloon-assisted enteroscopy (BAE). Contrary to the belief, recent data suggest that both CE and BAE are cost-effective when compared to conventional imaging modalities[54,55]. Overall, CE is preferred as an initial test with BAE being performed only if CE demonstrates a positive finding[54]. In this situation, CE can also guide the route, oral or anal, for BAE, thereby optimizing the time and resources[56]. In a subset of patients with high likelihood of vascular lesions with need for endotherapy, an initial BAE may, however, be more cost-effective[54]. In addition to improved diagnostic yield, CE has the added advantage over these alternative modalities of being non-invasive, patient friendly, without any major complications, and in its ability to examine almost the entire small intestine. Currently, CE is accepted as examination of choice in patients with OGIB after a negative gastroscopy and colonoscopy. 
Iron deficiency anemia 
Iron deficiency anemia (IDA) is most common cause of anemia world wide. This is often clubbed in patients with positive fecal occult blood test for evaluating the role of CE. However, a systemic review by Koulaouzidis et al[57] has recently evaluated the role of CE in patients presenting with IDA. Based on the data (from 1960) from patients in 24 studies included in this review, the authors found the diagnostic yield of CE to be 47%. As shown in Table 1, among 1194 patients where findings were clearly described, vascular lesions were most frequent. However, 17 of the studies included in this review were retrospective, and there was considerable heterogeneity among the studies. Despite these limitations of available data, CE is recommended as an investigation in patients with IDA with previous negative workup. A recent study also evaluated the role of CE in elderly patients presenting with IDA and demonstrated a good diagnostic yield[58]. Exact placement of CE in diagnostic algorithm of IDA, however, needs further high quality studies. 
Inflammatory bowel disease 
Advances in endoscopic techniques (BAE and CE) as well as cross-sectional imaging [CT and magnetic resonance (MR) enteroclysis] have revolutionized the approach to inflammatory bowel disease (IBD) and in particular, Crohn’s disease (CD). The exact position of these modalities in the algorithm of CD continues to be a matter of debate. A large meta-analysis of prospective studies comparing CE with other modalities, both in suspected and established CD, has already shown the superiority of CE. CE was found to be superior to push enteroscopy, ileo-colonoscopy, small bowel follow through, and CT enteroclysis with weighted incremental yield of 42%, 39%, 37%, and 39%, respectively[59]. MR enteroclysis, however, was found to have similar sensitivity as CE[59]. A recent study from Denmark also showed better results for CE compared to CT enteroclysis, while MR enteroclysis had similar results as CE[60]. A meta-analysis of nine studies by Pasha et al[61] compared CE with double-balloon enteroscopy and found similar diagnostic yield. Although CE being non-invasive and patient friendly has obvious advantages, it does have limitations due to the absence of well-defined criteria for abdominal findings and inability to take mucosal biopsies. A recent study has shown quick view mode of CE to be time reducing and safe for diagnosis of small bowel Crohn’s disease[62].
Suspected CD
Findings at CE in CD include erythema, mucosal edema, ulceration, fissuring, stricture, and an occasional fistula (Figure 4). The diagnostic yield of CE in suspected CD is high (up to 55%) making it an investigation of choice[63]. However, interpreting mild abnormalities which may not always reflect CD has been a major issue. This is particularly true in the setting of non-steroidal anti-inflammatory drugs (NSAIDs) intake; hence it is recommended to avoid NSAID for a month before performing CE for suspected CD[64]. On the other hand, a normal CE finding has a negative predictive value of more than 95% highlighting the utility of CE in excluding CD[65]. Attempts have been made to increase the diagnostic yield and positive predictive value of CE in suspected CD by using high pretest probability criteria such as presence of perianal disease and negative initial work-up or high fecal calprotectin level[66,67]. 
Established CD
A few studies have reported the use of CE for assessing disease activity in established CD, particularly to explain new symptoms and to demonstrate mucosal healing. Two inflammation scores i.e., Lewis score which is incorporated in Given Imaging Software and CE Crohn’s disease activity index, which has been recently validated, can be used for this purpose[68,69]. The correlation between Lewis score and fecal calprotectin has been demonstrated recently[70]. Use of CE standard reporting terminology is likely to enhance our ability to assess established CD at CE[71]. Capsule retention rate in established CD continues to be an area of concern. For patients needing evaluation of postoperative recurrence of CD, CE can detect proximal small bowel lesions and should be considered either after an initial ileocolonoscopy or in case of unsuccessful ileocolonoscopy[72]. 
Unclassified IBD and ulcerative colitis
CE is also an important tool to reclassify IBD of unclassified category by showing or excluding small intestinal involvement[73]. Similarly, it has been used to evaluate ulcerative colitis patients who have atypical symptoms. A prospective study, however, failed to show any utility of CE performed prior to ileal pouch-anal anastomosis in patients with IBD in predicting the outcome during 12 mo follow up[74]. 
Thus, CE plays an important role in diagnosis and evaluation of CD. Ileocolonoscopy would continue to be the first investigation for suspected CD, but CE is now a well-accepted second investigation of choice. For established CD, CE is generally indicated only after a stricture has been ruled out at cross-sectional imaging. However, diagnosis of CD should always be based on clinical, lab results, radiology, and endoscopy findings rather than CE alone. Differential diagnosis at CE should include non-specific jejunoileitis, lymphoma, tuberculosis, and of course NSAID induced intestinal disease.  
Celiac disease
Capsule endoscopy (CE) is a useful non-invasive diagnostic tool in patients with suspected or established celiac disease and can demonstrate changes such as scalloping, mosaic pattern, flat mucosa, and nodularity. The ability to detect mucosal details and villous changes in the distal small bowel is particularly helpful in patients with suspected celiac disease, who have positive celiac serology and negative duodenal biopsies. Using duodenal histology as the gold standard, recent studies have reported good diagnostic sensitivity (85% to 92%) and specificity (91% to 100%) of CE, especially in previously untreated patients[75]. CE is useful in patients who are unable or unwilling to undergo conventional endoscopy as well as in those with associated alarm symptoms where a more complete small bowel evaluation is warranted. There is limited evidence to support the use of CE in the evaluation of patients with refractory celiac disease. Major limitations to the use of CE in patients with suspected celiac disease include inability to obtain mucosal biopsies and inter-observer variability in the assessment of villous atrophy. 

Small bowel tumors and hereditary polyposis syndromes
Diagnosis of small bowel tumor is challenging in patients with negative cross-sectional abdominal imaging. There has been a rise in the diagnosis of small bowel tumors over the past decade as a result of the widespread use of CE. OGIB appears to be the most common presenting symptom in patients who have a small bowel tumor on CE. Most patients, who are eventually diagnosed with small bowel neoplasms, would have undergone three to five negative endoscopic procedures prior to CE. When compared to surgery, CE provides a satisfactory estimation of tumor location, size, and appearance. Adenocarcinomas, carcinoids, and lymphomas are the most common malignant tumors detected at CE, while majority of benign neoplasms are GI stromal tumors (GIST) and lipomas. In a recent study, CE was able to diagnose nine out of 10 patients with GIST otherwise missed by traditional endoscopic and radiological imaging[76]. Tumors are located in the jejunum (40%-60%) followed by ileum (25%-40%) and duodenum (15%-20%)[77]. Inability to obtain biopsies and the lack of definitive features to differentiate a mucosal bulge from a smooth-walled tumor are the two major limitations to the use of CE in the diagnosis and management of patients with small bowel tumors. Scoring systems such as smooth protruding index on capsule endoscopy score are recently being developed, with score greater than two suggestive of tumors with a sensitivity of 83% and specificity of 89%[78]. An automated scale with multi-scale wavelet based analysis has also been described recently[79]. These, however, need further validation before they can be incorporated into clinical decision making algorithms. 

CE has also evolved into a useful tool in patients with hereditary polyposis syndromes like familial adenomatous polyposis (FAP) and Peutz-Jegher syndrome[80]. Its major clinical utility is in the detection of small polypi (< 15 mm) in the distal small bowel in patients with FAP, which are often not detected on imaging tests. These can then be removed by BAE thereby avoiding surgery. CE, however, is not the ideal method for detecting and characterizing duodenal polyps due to rapid transit of the capsule through the duodenum and the failure to adequately identify the ampulla and periampullary regions. At present, there is no clear consensus on the role of CE for small bowel surveillance in these subsets of patients[81]. 
Miscellaneous
CE has been used to monitor intestinal side effects of NSAIDs[82]. Recently, computer guided endoluminal image analysis has been used to extend CE utility for reliable, non-invasive, and automated test of motor disorders[83]. Other situations, where CE may have a role include gastrointestinal complications of HIV, small bowel transplant, Henoch-Schonlein purpura, and intestinal graft versus host disease[84].     
CONTRAINDICATIONS
There are very few contraindications to the use of CE and most of them are relative. 

Cardiac pacemakers and implantable cardioverter-defibrillators 
In view of limited experience of CE in patients with cardiac pacemakers (CP) and implantable cardioverter-defibrillators (ICD), these situations have been considered as contraindications for using CE both by manufacturers (Given Imaging) as well as by Food and Drug Administration (FDA), United States. However, Bandorski et al[85] recently reviewed the whole subject. They evaluated eight studies (including four in vitro) involving 198 patients with pacemaker and demonstrated almost no interference between pacemaker and CE. There have been at least five studies involving 81 patients with ICD, mostly in vivo, evaluating possible interference between CE and ICD. Again, there was hardly any interference noted with ICD as well. Telemetry, however, can interfere with CE videos[85]. These studies were mostly with small bowel PillCam. More data are required with other CE systems including Colon 2 capsule from Given Imaging. In particular, MiroCam System, which works with electric field propagation, needs safety data. 

Small bowel obstruction 
In view of increased risk of capsule retention in presence of obstruction, CE should not be performed in presence of bowel obstruction or if there is strong suspicion of the same. History of a major abdominal surgery in recent past is also often considered as relative contraindication for CE. This matter is further discussed later in this review. 

Swallowing disorder 
Patients with swallowing disorders, both organic such as esophageal strictures and functional such as dysmotility, can have the capsule stuck in their esophagus itself. This can be overcome by delivery of the capsule into the stomach or duodenum with the help of a device called AdvanCE developed by US Endoscopy (United States). 

Pregnancy and small children
Pregnancy is also considered as another relative contraindication for CE due to potential teratogenic effects of transmitted microwaves. However, there are reports of successful use of CE during pregnancy[86]. FDA, United States , has recently allowed the use of CE in children as small as two years. Main indications for CE in pediatric population are Crohn’s disease, OGIB, and small bowel polyp[87]. Diagnostic accuracy in pediatric patients has been found to be good (61.4%)[88].  
COMPLICATIONS

CE is a safe procedure with very rare complications. 
Retention of capsule
Retention of capsule is defined when it remains inside the GI tract for a minimum of two weeks (Figure 5)[89]. The proportion of patients having capsule retention is related to clinical situation, with 21% in patients with intestinal obstruction, up to 13 % in established CD, 5% in suspected CD, and 1.5% in OGIB. Radiation enteritis can also increase the risk. Mostly capsule retention has no impact on the natural history of disease. Recently, a case of asymptomatic retention of capsule for four and half years has been described[90]. Only about six cases of bowel perforation, possibly as a squeal to capsule retention, have been reported[91]. Once retention is diagnosed, one needs to reassure the patient. Retained capsule, if required, can be removed by BAE or at surgery. These interventions would also take care of the underlying cause for capsule retention i.e., stricture. 
In patients with suspected small bowel strictures, the risk of capsule retention is high. Predicting this complication by performing a barium study is associated with high radiation doses as well as false negative results. Given Imaging has developed a dummy capsule system called Agile Patency capsule, which is a disintegrating, time controlled system with RF identification (RFID) tag and an RFID scanner. These capsules are of same dimension as real capsules but has a cellophane wall filled with mixture of barium and lactose and RFID at its centre. The lactose filling of capsule dissolves after 40 h leading to collapse of outer membrane, which is then excreted (Figure 6). Presence of patency capsule in body can be determined by using RF scanner. The barium containing radio-opaque capsule can be detected by plain X-ray also. Use of Agile patency capsule prior to actual CE can eliminate the risk of capsule retention to a great extent[92]. A recent retrospective study has found that Patency capsule, CT enteroclycis, and MR enteroclysis, all have a similar negative predictive value for capsule retention and can complement each other[93]. 
Capsule aspiration

Although rare, aspiration of capsule into tracheobronchial tree is increasingly being reported. Koulaouzidis et al[11] recently compiled 25 patients with capsule aspiration. Factors associated with this complication include old age, male sex, co-morbidity, and associated swallowing disorder. While most of these patients cough out the capsule, a single case of fatal outcome has also been described[94].
LIMITATIONS AND FUTURE DIRECTION
Remote control

Presently marketed “capsule” for CE moves in GI tract with peristalsis, which can sometimes be erratic and unpredictable. This can be responsible for “misses” and “incomplete evaluation of bowel”. This is also a hindrance to the development of capsule with capability for tissue acquisition and therapy. 

Swain et al[95] first reported the possibility of controlling the movement of capsule by an external hand held magnet after incorporating neodymium-iron-boron magnet in a colonic capsule and changing capsule’s magnetic switch to a thermal switch. By this technique, the capsule could be angulated at gastro-esophageal junction and spun in the stomach. This technique has been further refined[96]. More recently, a robotic magnetic navigator system has evolved for smoother and better controlled movement[97]. This system allows integration with digital fluoroscopic scanner for exact localization of capsule and also allows a remote control, thus improving the potential for therapeutics. However, this system developed by Niobe (United States), still has issues related to cost, inability to control movement in all direction and it has also not been tested in vivo[97]. Meanwhile, an electrically propelled capsule has been introduced[98]. 
Battery-less capsule
In order to overcome the limited battery life as well as for more liberal rate of image acquisition, attempts have been made to supply power to the capsule by an external source with a wireless transmission[99]. No clinical trials have yet been published with these modifications.  
Sizing and accurate location of lesion
Accurate location of lesion and estimation of its size continue to be a challenge at CE. Rapid 6 system of software developed by Given Imaging has made successful attempt in these aspects. It is now possible to measure the size of the lesion just like with ultrasound images. Recently, Karargyris and Koulaouzidis[100] have described a capsule in porcine model, which is fitted with protruding wheels attached to a spring mechanism for more accurate localization. 
Post-procedure processing of images

Interpretation of images at CE may be sometimes difficult due to their large number (usually more than 50000) and their being two-dimensional (2-D). Recently, Karargyris et al[101] have utilized Shape from Shading algorithms to transform 2-D images of CE to 3-D and found this to be valuable. Hu et al[102] have introduced a feature of extraction method, using a non-linear color conversion and Higher-order Local Auto Correlation (HLAC) Features, which enables one to do a quick detection of anomaly. This method achieved 91.7% and 100% detection accuracies for mucosal swelling and bleeding, respectively[102].
Reduction in incomplete examination and miss rate
Incomplete small bowel examination mainly due to slow transit of capsule has been noted in about 20% of patients. A recent study noted slow gastric transit time (> 45 min), history of previous small bowel surgery, hospitalization, and poor bowel preparation as risk factors for incomplete small bowel examination with CE[103]. In these patients device-assisted duodenal delivery of capsule may increase the yield. 

Overall miss rate with CE is 11% with a range of 0.5% for ulcers to 18.9% for neoplasms. This is not surprising considering that capsule does not pursue an axial path and is known to tumble quite frequently, thereby unable to see behind the intestinal folds[17].  Routine use of double camera even for small bowel, as done for colon capsule, can potentially overcome this limitation. 
Tissue acquisition and therapeutic options 
One of the major limitations of CE is its inability to go beyond visualization. Optical biopsy using technology such as narrow band imaging or pathology-targeted enhance tissue markers is very soon going to be a reality. 
Pilot data have shown feasibility of performing mucosal biopsies using a spring loaded Crosby capsule type device, guided by a real time imaging capability and radiofrequency controlled remote manipulation[7]. A rotational micro biopsy device with a tissue cutting razor (with a torsion controlled design) to operate sequentially is also being developed[7]. 
Two new capsules, Intellisite (Innovative devices, NC, United States) and Enterion (Phaeton Research, United Kingdom) have been shown to be useful for collecting absorption data in the GI tract and can be used in future for drug delivery[104]. 

The Nano based CE with molecular imaging and optic biopsy (NEMO) project is developing a new capsule combining optical and nanotechnologies, biosensing, and maneuvering technologies with an aim to enhance diagnostic and therapeutic potential of CE[105].
Versatile endoscopic capsule for gastrointestinal tumor recognition and therapy (VECTOR) project by European Commission, is in the process of developing a mini robot to navigate and intervene in the GI tract for early detection of cancers[106]. A prototype capsule has been tested employing an exothermic chemical reaction to generate heat by interaction of calcium oxide with water[107]. This may be potentially useful for hemostasis by thermal coagulation.
A new pill-sized endomicroscope has been developed, which enables 3D imaging of esophagus in microscopic details. The device uses optical frequency domain imaging technology. Initial results in differentiating Barrett’s esophagus from normal mucosa have been promising[108]. 
Quantification of images in celiac disease
Celiac disease evaluation by CE is often subjective and can be labor intensive. Recent research has focused on computer analysis of CE images to detect areas of abnormality. Performing an analysis of 2-D image sequences, Tennyson et al[109] have estimated the three dimensional mucosal structure, luminal motility, and the textural properties of the images itself. It has been hypothesized that the most important finding that differentiates celiac disease patients from normal subjects is mucosal protrusion; these are blunt with lesser height and bigger diameter in patients with celiac disease. These protrusions can be measured in terms of height, width, and number in each CE image and can help us in objective assessment for both the presence of celiac disease as well as its follow up. However, more data is required in this field[110].   
CAPSULES BEYOND SMALL BOWEL 
Esophageal capsule

Given Imaging “Pillcam ESO”[2] CE system (Figure 7) uses a capsule with two cameras and collects images at a rate of 18 frames per second. In contrast to small bowel SB 2 capsule, it involves only three sensory antennas. The patient swallows the capsule in right lateral position and drinks 15 mL sips of water every 30 s for 3 min. The recording continues for about 30 min. 

The main indications for “ESO” have been gastro esophageal reflux disease (GERD). In a study involving 73 patients, 51 out of 55 positive findings were detected at CE (2). Sensitivity, specificity, and positive and negative predictive values for GERD at CE were 98%, 100%, 100% and 95%, respectively. These values for Barrett’s esophagus were 97%, 100%, 100% and 98%, respectively. However, the role of CE in GERD remains controversial, because histology is of great significance in Barrett’s and also, these data have not been revalidated[3,4]. Initial data does suggest that ESO-CE can be a good alternative for diagnosis of varices[5,111]. In a meta-analysis involving seven studies and 446 patients, the pooled sensitivity and specificity of CE for diagnosis of varices were 85.8% and 80.5%, respectively[5]. However, specificity was lower (54.8%) in detecting varices for screening purpose[5]. Concern also continues regarding the cost involved.      
Colon capsule

Colon capsule are the latest addition to CE system. The main indication for which the development of colonic capsule has evolved, are screening of colorectal cancers and follow-up evaluation for ulcerative colitis. Challenges for developing colon capsule include battery life to last colonic transit, cleanliness of colon and caliber of colonic lumen and no potential for air insufflation as can be done during conventional colonoscopy. Present era PillCam colon capsule called PCCE 2, from given imaging (Figure 7) measures 31.5 mm × 11.6 mm, has two cameras with a wider angle of view about 172°, allowing a complete circumferential coverage of colonic mucosa. PCCE 2 also has an adaptive frame rate with images captured at 4 per second when capsule is stationary to 35 per second when it is moving. This feature preserves the battery life and optimizes video length. In addition, there is cross talk between data recorder and capsule allowing the change in frame rate as well as instructions to the patient being transferred via a liquid crystal display on the recorder. Rapid 6 software (Given imaging) used for this system also allows polyp size estimation using a graphic interface. 

Unlike small bowel capsules, colon CE requires a good bowel preparation which gives a clear ambience as well as helps to propel the capsule. After a liquid diet for a day, patient is given 2–3 liters of polyethylene glycol on previous night and 1–2 liter(s) 2 h before the procedure. Before capsule ingestion, 20 mg of domperidone is administered orally. Two h after capsule ingestion, 30–45 mL of sodium phosphate is given orally to facilitate capsule movement[6]. 
The results for first generation colonic capsule had been somewhat discouraging. The second generation capsule i.e., PCCE 2 was evaluated in a study involving 98 patients[6]. The sensitivity and specificity for detecting polypi bigger than 6 mm were 89% and 76%, respectively, whereas the corresponding figures for polypi bigger than 10 mm were 88% and 89%, respectively[6]. 

At this moment, colonic capsule cannot be advocated as standard care for colorectal screening. However, this can certainly be offered to a patient unwilling to undergo colonoscopy or where colonoscopy is contra-indicated or incomplete. Improvement in colonic preparation regimen and optimization of protocol are likely to increase the use of colon CE in near future. Interestingly, colon capsule, with its dual camera, has also been used successfully for evaluation of rest of the bowel revealing greater abnormalities compared to single camera images[112].
CONCLUSION
Capsule endoscopy has evolved very rapidly to become an important tool for mucosal visualization of the gut. While esophageal and colonic capsules are still being evaluated for their utility, small bowel capsule has now found a definite place in algorithm for investigating small intestinal diseases. In particular, OGIB and CD are two very important indications for performing CE. Celiac disease, small bowel tumors, and iron deficiency anemia are some of the other clear indications. Present limitations of CE primarily emerge from failure to be controlled externally and from its inability to acquire tissue, and offer therapeutics. Some of the developments in these areas are exciting and once in clinical practice, are likely to change our approach to luminal gastrointestinal disorders.   
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Figure 1 Components and design of capsule endoscopy system. A: Capsule; B: Schematic diagram of components of capsule; C: Data recorder; D: Patient with sensor attachment; E: Dedicated work station.
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Figure 2 Ulcerated lesion at capsule endoscopy using chromoendoscopy. A: White light; B: Blue light (with Fuji intelligent color enhancement).
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Figure 3 Lesions at capsule endoscopy seen in patients with obscure gastrointestinal bleed. A: Arteriovenous malformation; B: Non-steroidal anti-inflammatory drugs ulcer; C: Polyp; D: Adenocarcinoma; E: Hook worm; F: Small intestinal varix.
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Figure 4 Capsule endoscopy in patients with Crohn’s disease. A: FISSURING; B: Multiple aphthous ulcers; C: Serpiginous ulcer; D: Cobblestoning; E: Stricture.
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Figure 5 Capsule retention at stricture. A: Stricture seen at capsule endoscopy; B: X-ray showing the retained capsule (red circle).
[image: image6.jpg]



Figure 6 Agile patency capsule. A: Before disintegration; B: After disintegration. 
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Figure 7 Pillcam. A: Colonic; B: Esophageal capsule.
Table 1 Capsule endoscopy findings in patients with iron deficiency anemia (n = 1194)[57] n (%)
	Findings
	Value

	Vascular lesion
	293 (24.5)

	Inflammatory lesion

	126 (10.5)

	Tumor/mass
	42 (3.5)

	Others
	177 (14.8)

	None
	556 (46.6)


