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Abstract
Colonoscopy is the gold standard for colorectal cancer prevention; however, it is still an imperfect modality. Precancerous lesions can be lost during screening examinations, thus increasing the risk of interval cancer. A variety of factors either patient-, or endoscopist dependent or even the procedure itself may contribute to loss of lesions. Sophisticated modalities including advanced technology endoscopes and add-on devices have been developed in an effort to eliminate colonoscopy’s drawbacks and maximize its ability to detect potentially culprit polyps. Novel colonoscopes aim to widen the field of view. They incorporate more than one cameras enabling simultaneous image transmission. In that way the field of view can expand up to 330°. On the other hand a plethora of add-on devices attachable on the standard colonoscope promise to detect lesions in the proximal aspect of colonic folds either by offering a retrograde view of the lumen or by straightening the haustral folds during withdrawal. In this minireview we discuss how these recent advances affect colonoscopy performance by improving its quality indicators (cecal intubation rate, adenoma detection rate) and other metrics (polyp detection rate, adenomas per colonoscopy, polyp/adenoma miss rate) associated with examination’s outcomes.
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Core tip: Accomplishing high intra-procedural colonoscopy quality indicators has been associated with better patients’ outcomes. Recently, a number of novel wide-angle view endoscopes as well as different add-on devices have been developed aiming to further improve these metrics. They promise detailed inspection of otherwise difficult to examine parts of the colonic mucosa. Herein, we present the current evidence regarding the efficacy of these scopes and devices. 

INTRODUCTION
Colorectal cancer (CRC) ranks second regarding cancer-related mortality[1]. Colonoscopy interrupts the carcinogenesis by detecting and removing precancerous lesions, namely adenomas, thus providing the opportunity for neoplasia screening[2,3]. Despite its efficacy and widespread use, it is an imperfect examination. Almost a quarter of existing colonic adenomas remain undetected during a screening colonoscopy, while more recent studies raise that percentage up to 40%[4-7]. The so-called missed adenomas are considered independent risk factor for interval CRC[8], defined as CRC rising within the surveillance intervals. Missed adenomas are of particular significance in the right colon (RC), where more than half of the interval CRC incidents occur[9]. Furthermore, the usually flat serrated sessile adenomas (SSA) of the RC represent premalignant lesions of a distinct group of CRCs that also develop predominantly in the proximal colon[10,11]. 
Missed adenomas are a consequence of multiple factors; poor bowel preparation[12], inability to complete the colonoscopy by visualizing the cecum[13], inadequate withdrawal times[14], lack of expertise[15] and poor inspection of the proximal side of the colonic folds, as well as of the region around the anatomic flexures and the ileocecal valve[16,17].
Recent studies highlighted the importance of accurate adenoma detection during screening colonoscopies. Corley et al[18] evaluated more than 300000 examinations and proved that patients of both genders undergoing screening colonoscopy by an endoscopist with high adenoma detection rate (ADR) are protected against interval CRC both in the proximal and the distal colon in comparison with individuals undergoing colonoscopy by a physician with lower ADR. Similarly, a mathematical model showed that 1% increase of the ADR leads to 3% decrease of colon cancer incidence[8].
Aiming to provide patients the highest level of health services, scientific endoscopy Societies have recommended specific quality indicators to measure colonoscopy outcomes[19]. Similarly, endoscopy industries make continuous efforts to develop novel endoscopes and several devices to improve colonoscopy’s intrinsic technical imperfectness (Table 1). Almost a decade ago, a simple transparent plastic cap was one of the first devices introduced to increase endoscopists’ performance. Since then several studies have been conducted that led to two meta-analyses[20,21]. Their results indicate marginal efficacy of cap-assisted colonoscopy (CAC) to increase detection of patients with polyps. Due to the lack of further remarkable evolvement, cap-assisted colonoscopy will not be discussed in this paper. Marginal improvement of colonoscopy performance was also associated with the advent of high - definition endoscopy[22]. Due to this marginal positive effect and high costs of the investment, this technology is not the standard of care worldwide yet, and its detailed presentation is beyond the scope of this minireview.
In this minireview we focus on the intra-procedural quality indicators: cecal intubation rate (CIR), polyp detection rate (PDR), adenoma detection rate (ADR), adenomas per colonoscopy (APC), as well as the polyp- and adenoma miss rates (PMR/AMR) (Table 2) in studies evaluating wide angle view (> 170°) colonoscopes and new add-on colonoscopy accessories. The term ADR -patients with at least one adenoma- will be used to describe not only the adenoma detection rate in screening/surveillance populations, but also in symptomatic individuals. To facilitate readers’ comprehension the exact composition of each study population regarding its indication will be presented, whenever needed.
We conducted a comprehensive review of English literature published in MEDLINE electronic database from January 2008 until January 2017. The following key words were used: “wide-angle view colonoscopes”, “Third-Eye Retroscope”, “Full-Spectrum Endoscopy”, “balloon assisted colonoscope”, “Endocuff” and “Endorings”. Moreover, data from abstracts presented during the Digestive Diseases Week and the United European Gastroenterology Week from 2010 to 2016 were retrieved and manually searched. First author name, year of publication, study design, number of participants, their age and indications, CIR, PDR, ADR APC, PMR and AMR were extracted either as reported by the authors or after appropriate calculation. 

WIDE-ANGLE VIEWING ENDOSCOPES
One of the factors potentially accountable for missed lesions during colonoscopy is the relatively narrow field of view (140°-170°) of standard forward viewing (SFV) colonoscopes. In an effort to eliminate this limitation, novel wider field of view endoscopes have been manufactured, allowing meticulous inspection of the proximal aspect of the haustral folds. Table 3 summarizes data from studies regarding wide-angle view colonoscopy platforms. 

Full-spectrum endoscopy (Fuse) system
The full-spectrum endoscopy platform (Fuse, EndoChoice, GA, United States) consists of a video colonoscope and a processor. The colonoscope is a normal adult (168 cm working length, 12.8 mm outer diameter) flexible and reusable scope that allows both diagnostic and therapeutic procedures. It provides high-resolution, 330° field of view, achieved by three imagers and LED groups positioned one at the front and two at each side of the scope’s distal tip. The images in the three monitors (Figure 1) reflect transmission from the respective lenses (right image for the right-sided lens, center image for the central positioned lens and left image for the left-sided lens). The endoscopist is allowed to perform all potential maneuvers, such as complete tip deflection (180° up/down direction and 160° left/right direction). 
This novel platform has been proven to be safe and feasible with CIR almost 100% in two non-randomized studies[23,24]. Gralnek et al[25] conducted an international, multicenter, randomized back-to-back study to investigate whether Fuse detects more missed adenomas in comparison to SFV colonoscopy. Participants (n = 197, mixed indications) were randomly assigned to undergo same day tandem colonoscopies (either Fuse colonoscopy first followed by SFV colonoscopy or vice versa). The Fuse system had significantly lower miss rates compared to SFV endoscopy for adenomas (7% vs 41%, P < 0.0001) and polyps (10% vs 43%, P < 0.0001). The majority of the 20 adenomas that were missed during SFV examination and detected by the Fuse were sessile (90%), diminutive (70%) and RC sited (70%). In a similar design cross over study, Papanikolaou et al[26] showed that Fuse outperformed SFV complemented by examination of the right colon with scope retroflexion regarding adenoma (10.9% vs 33.7%, P < 0.001) and polyp (3.0% vs 33.5%, P < 0.001) miss rates. The same study showed that the incremental benefit of full-spectrum colonoscopy when performed, as a second examination, was 39% higher compared to that of conventional colonoscopy with retroflexion in the cecum, regarding-adenoma miss-rate overall (Figure 2). Moreover, an even higher incremental benefit was shown in favor of FC in the proximal colon. This benefit might be ameliorated by the fact that the majority of missed lesions measured less than 1 cm, in both study arms.
The ability of Fuse system to improve colonoscopy outcomes has further been evaluated in parallel design non-randomized[27,28] and randomized studies[29-31]. Manes et al[27] conducted a non-randomized study (n = 529) comparing Fuse and standard HD colonoscope. The authors reported increased PDR (56.6% vs 44.3%, P < 0.01) and ADR (35.5% vs 29.9%) in the Fuse arm. In Denmark Roepstorff et al[28] recruited 205 consecutive individuals undergoing screening colonoscopy either with Fuse system or with the conventional endoscope. Completion rate was lower with Fuse (83.4% vs 93.4%, P = 0.04) but Fuse showed numerically higher ADR (67% vs 59.6%, P = 0.36) and APC (1.8 vs 1.4, P = 0.09). 
Hassan et al[29] compared the ADR of Fuse and SFV study arms in 658 individuals undergoing colonoscopy after positive FIT test in the context of a population-based massive screening program. Of interest, both ADR and APC were similar (43.6 vs 45.5 and 0.81 vs 0.85, respectively) between Fuse and conventional colonoscopy. Statistical significant difference was neither shown for advanced adenomas, sessile serrated adenomas and proximal adenomas. Authors acknowledged that the high ADR in the control group, potentially related to the disease enriched (FIT+) population of the study might have hindered detection of difference. Apart from that, sample size issues also rise, since randomized control trials of parallel design would normally require significantly more participants in order to achieve sufficient statistical power[32].
Another small (n = 90), randomized, prospective study[31] that assigned patients to undergo either Fuse or conventional colonoscopy showed higher PDR (36% vs 24%) associated with Fuse use.
Finally, the Fuse system has also been evaluated in patients with inflammatory bowel diseases (IBD). In a randomized back-to-back study from Australia[30], 52 IBD patients underwent tandem colonoscopies with Fuse system and conventional colonoscopy in order to evaluate dysplasia miss rate of the first examination (25 patients had Fuse index colonoscopy and 27 started with the conventional examination). Fuse was associated with a significant lower dysplasia miss rate (25% vs 71.4%, P = 0.0001).

Extra-wide angle view colonoscope
This prototype colonoscope introduced by Olympus Co., Tokyo, Japan is composed of two lens’ systems: a standard 140°-angle forward-viewing lens and a 144-232°-angle lateral-backward viewing lens. A video monitor puts together the images of both lens and presents them simultaneously as a single image. Following an initial feasibility study[33] showing CIR of 100%, Uraoka et al[34] compared this prototype scope to SFV in a randomized parallel design study regarding APC and ADR. The sample consisted of 316 individuals undergoing colonoscopy for various indications. The extra-wide angle view colonoscope (EWAVC) had similar to the SFV system APC (1.1 vs 1.0, P = 0.36) and ADR (50.6% vs 45.6%, P = 0.43). However, this novel system may be proven of special importance in angulated and narrow regions of the colon (i.e., sigmoid), as per segment analysis showed a statistically significant higher sigmoid-APC in favor of EAWVC (0.4 vs 0.2, P = 0.04).

Aer-O-Scope
The efficacy and safety of this self-propelled disposable colonoscopy (SPDC) system (Aer-O-Scope; GI View Ltd, Ramat Gan, Israel) has been evaluated in one non-randomized prospective study of 56 patients undergoing tandem screening colonoscopies[35]. Its optical system consists of white-light LEDs and a CMOS high-definition digital camera; it allows a simultaneous 57° field of forward view an omni 360° view of a cylindrical band of the colon. Participants underwent colonoscopy with Aer-O-Scope first while SFV colonoscopy followed. SPDC was proven to be safe and effective. CIR were similar between SPDC and SFV endoscopy but SPDC failed to detect 5/40 of the polyps identified by the SFV (PMR 12.5%), leading to a lower ADR (21.4% vs 25%) in comparison to SFV. 

"ADD-ON” COLONOSCOPY DEVICES
With the term “add-on” device we describe all those accessories appended on the distal end of a standard colonoscope to facilitate meticulous inspection of the colonic mucosa. These devices provide either a retrograde view of the lumen (Third-Eye Retroscope, Avantis Medical Systems, Inc, Sunnyvale, CA, United States), or wider field of view (Third-Eye Panoramic, Avantis Medical Systems, Inc, Sunnyvale, CA, United States) or flattening of colonic folds during withdrawal to allow visualization of their proximal side of the colonic folds (Endocuff, Arc Medical Design, Leeds, England; Endocuff-Vision, Arc Medical Design, Leeds, England; EndoRings, EndoAid Ltd., Caesarea, Israel and balloon assisted-colonoscopy using the G-EYE, SMART Medical Systems Ltd, Ra’anana, Israel). Table 4 summarizes data originating from the available studies that evaluated their safety, feasibility and efficacy in improving colonoscopy performance.

Third-Eye Retroscope and the Third-Eye panoramic 
The Third-Eye Retroscope (TER) (Avantis Medical Systems, Inc, Sunnyvale, CA, United States) is one of the first auxiliary imaging devices that tried to extend the field of view of the standard forward viewing colonoscope[36]. The TER is inserted through the working channel, it extends beyond the distal tip of the SFV scope to bend 180° in a J-shape form, looking opposite of the scope main lens; thus, it provides a complement retrograde view of the colonic lumen during scope withdrawal. Three open-label, one-arm prospective studies implementing the device on the SFV colonoscope showed that in the absence of Third Eye the examinations’ polyp and adenoma miss rates would be 4.4%-12.9% and 7.8%-13.8%, respectively[37-39]. In accordance with these findings, Leufkens et al[5] presented the results of a randomized tandem clinical study comparing PMR and AMR of SFV colonoscope with SFV colonoscope plus TER. In the per protocol analysis the TER arm was associated with significantly lower miss rates (PMR: 15.9% vs 32.8% and AMR: 18.4% vs 31.4%). However, the above studies underlined some limitations related to TER use. The device narrows almost 50% the diameter of the working channel making the suction of residues compulsory prior to withdrawal. Moreover, each time a polyp is detected by the retrograde view of TER the device must be removed to allow lesion removal, leading to significant prolongation of the procedure. Finally, the device procurement bears an additional financial burden. For these reasons the device has been abandoned.
A few years later the same manufacturer developed another device called the Third-Eye® Panoramic. This plastic cap can be clipped on to the distal tip of all conventional colonoscopes and contains two side-viewing CMOS chips. The cap is connected to a thin plastic catheter that contains the transmission wires that runs along the scope’s shaft. The catheter ends to an external video processor connected to the conventional colonoscope’s video monitor, resulting in an extended field of view (more than 300°) through three - partially overlapping - images. This novel device has only been evaluated in a feasibility study[40]. In this small study, the device was easy to use and the cecum was intubated in all cases. 

Endocuff
Endocuff (Arc Medical Design, Leeds, United Kingdom) is a plastic, 2 cm long cuff that can be mounted onto the tip of the scope. Endocuff entails two rows of “finger”-like projections, which remain smooth during insertion and bend in the withdrawal phase to flatten the colonic folds and allow assessment of a greater, otherwise unsighted, mucosal area (Figure 3). Endocuff and its “descendant” Endocuff-Vision have been evaluated in numerous studies (Table 4). Feasibility studies[41,42] showed that Endocuff was safe, since only minor insignificant mucosal lacerations were the adverse events related with its use. In these studies the rates of cecal intubation were higher than 98%. Three randomized parallel design studies[43-45] have been published comparing Endocuff-assisted colonoscopy (EAC) to conventional colonoscopy in terms of polyp and adenoma detection. Two studies from Germany[43,44], each recruiting almost 500 patients undergoing colonoscopy for various indications, favored Endocuff use to detect more patients with at least one polyp/adenoma compared to the conventional procedure (PDR: 55.4% vs 38.4% and 56% vs 42% and ADR: 35.4% vs 20.7% and 36% vs 28%, respectively). On the other hand, a similar multicenter Dutch study[45] that randomized more than 1000 patients of various indications failed to reveal any advantage of Endocuff use regarding the proportion of patients with at least one adenoma (ADR: 52% for both arms) and the mean number of adenomas per patient (APC: 1.36 vs 1.17). 
Two studies have evaluated Endocuff regarding adenoma miss rate[46,47]. De Palma et al[46] randomized 274 patients to undergo same day back-to-back colonoscopies (either with Endocuff use first and then without it or vice versa). In this study any lesion detected during the first procedure was left in situ in order to be redetected -or not- during the second one. Adenoma miss rate was significantly lower when Endocuff was used (1.1% vs 29.7%, P < 0.001). Similarly, we recently presented the results of a multicenter tandem study[47] showing that Endocuff use outperformed its comparator (standard colonoscopy) in terms of AMR, overall (14.7% vs 37.6%, P = 0.0004) and in the proximal colon (10.4% vs 39%, P = 0.004). 
There is also certain amount of data from parallel design studies, reporting increased PDR/ADR[48-53] in the Endocuff arms published in abstract form only. However, three other studies failed to reveal Endocuff superiority[54-56]. A recent meta-analysis tried to sum up these data[57]. Taking into account data from 8 studies (n = 4387) the authors concluded that Endocuff use is associated with higher ADR compared to standard colonoscopy (50.4% vs 43.3%, OR = 1.49, 95%CI: 1.23-1.80, I2 = 50%, P < 0.01). 
Endocuff-Vision (Arc Medical Design, Leeds, England) - the evolution of the initial device, with a single row of projections (Figure 4) has also been evaluated in studies measuring colonoscopy outcomes. Tsiamoulos et al[58] reported extremely high ADR for Endocuff-Vision assisted and conventional colonoscopy in a screening population. However, both ADR and APC were even higher in the Endocuff-Vision arms (68.9% vs 58.5 and 2.2 vs 1.4, respectively). In a large study of more than 1700 patients[59], Endocuff-Vision use was associated with a significant higher ADR (40.9% vs 36.2%) in patients of various indications for colonoscopy. Contrariwise, these findings were not confirmed in a single-center prospective parallel design study that involved screening population[60]: similar ADR and APC between Endocuff-Vision-assisted and cap-assisted colonoscopy were noted. 

EndoRings
EndoRings (EndoAid Ltd., Caesarea, Israel) is a silicone-rubber add-on device consisting of three circular rings. It fits onto the distal tip of the endoscope and allows not only the mechanical stretching of the haustral folds during withdrawal, but also maintains the lumen in the center of the inspection field. At the time of insertion the view of field is not affected since the device does not project beyond the distal end of the scope, allowing the unimpeded cecal intubation. This device has been evaluated only in one multicenter randomized tandem study[61]. In the per protocol analysis of 116 patients of mixed indications, the use of EndoRings was associated with a statistically significant lower polyp (9.1% vs 52.8%, P < 0.001) and adenoma (10.4% vs 48.3%, P < 0.001) miss rate. The benefit of EndoRings use was higher for the detection of diminutive adenomas (AMR: 13.5% vs 54.2%, P < 0.001) and adenomas found both at the proximal and distal colon (AMR: 10.6% vs 58.1%, P < 0.001 and 10% vs 37%, P < 0.001, respectively)[61]. 

Balloon-assisted colonoscopy-The G-EYE
The NaviAid G-EYE (SMART Medical Systems Ltd, Ra’anana, Israel) is a novel balloon-colonoscope consisting of a standard adult colonoscope combined with an inflatable balloon at the bending part of the scope. The balloon is located 1-2 cm proximally to the distal tip of the colonoscope and it can be inflated up to 60mm diameter with unremarkable alteration in scope’s outer caliber[62]. A special inflation system - the SPARK2C - manipulated by the endoscopist via a foot-pedal, inflates the balloon once cecum intubation achieved and retains a constant pressure within the colon during withdrawal. With the balloon inflated during withdrawal, colonic folds and flexures are mechanically straightened revealing potential suspicious lesions located in their proximal aspect[62]. Two randomized tandem studies[63,64] evaluated G-EYE’s lesions miss rates compared to SFV. Both studies examined individuals undergoing colonoscopy for various reasons. Halpern et al[63] demonstrated a significant lower adenoma miss rate for G-EYE (7.5% vs 44.7%, P = 0.0002), while Rey et al[64] showed a lower polyp miss rate in favor of the G-EYE (7% vs 41%). In terms of ADR and adenomas per colonoscopy this device has been evaluated in three randomized parallel design studies[65-67]. Halpern et al[65] randomized 222 individuals undergoing screening colonoscopy to receive either balloon-assisted assisted colonoscopy or SFV examination. The G-EYE use was related to higher ADR and APC (35.4% vs 23.5% and 0.63 vs 0.36). The last two multicenter randomized trials[66,67] used G-EYE in combination with a HD colonoscope. In both studies the reported rate of adenoma detection was higher in the G-EYE arm (59% vs 39%, and 49.2% vs 33.8%, respectively).

CRITICAL APRAISAL AND CONCLUSION 
The volume of presented data clearly illustrates the unmet need of optimizing technology to improve colonoscopy performance. The results of the aforementioned studies of novel wide-angle view endoscopes and add-on devices appear promising. Despite some contradictory results the majority of the data are in favor of the new endoscopes/devices regarding polyp and adenoma detection rates, as well as, polyp and adenomas miss rates. However, these data should be interpreted cautiously for a number of reasons:
Firstly, 50% of the reviewed studies have been published as abstracts only. The Extra-wide Angle View Colonoscope and the Third-Eye® Panoramic are still under development, while Aer-O-Scope and Third Eye have been abandoned. Moreover, several new colonoscopy add on devices appear in the endoscopy accessories market without having been adequately evaluated, yet.
Secondly, heterogeneity characterizes the presented studies. Different target populations and lack of a solid integrated design do not allow safe generalization of the results. It should be noted that the plethora of parallel design studies has not enrolled adequate number of participants to detect differences in ADR with sound statistical power. Moreover, the comparator to the examined novelties comprises either standard or high definition endoscopes or both categories, thus adding more confounders to data interpretation. Of note, there are no direct comparisons between new wide angle view colonoscopes and add on devices regarding colonoscopy outcomes, yet and we can hardly expect any to come in the literature soon.
Thirdly, more attention should be paid to studies recruiting asymptomatic subjects at average risk for CRC. This is the particular population in which it is proven that improvement in colonoscopy outcomes (e.g., increased ADR) is correlated to improved patients’ outcomes (reduced risk for interval CRC). 
Fourthly, it is still unknown if these novelties are of benefit for the low or the average performing endoscopist only or the benefit is also extended to the high detectors. Whether different levels of endoscopists’ experience and performance or different endoscopic environment (e.g., academic vs community or private practice) could lead to different acceptance of these technologies and to different levels of quality indicators improvement, pends to be answered. 
Finally, cost is an important factor that could influence the widespread use of these novelties. It has been shown that in the era of financial recession expensive technologies used for patients’ management are not favored[68]. In this setting, attachable cuffs and rings present a relatively low cost investment.
Summing up, new wide-angle view endoscopes and add-on devices are promising technologies to improve colonoscopy and patients outcomes. More studies are definitely needed in order to provide answers to the aforementioned open questions. Until conclusive data are obtained, endoscopists should use these novelties in a personalized manner taking into account their availability and stuff experience. At the same time, the fundamental principles of colonoscopy like adequate bowel preparation, meticulous inspection independently of endoscope and devices used and suitable withdrawal time should govern our practice.
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Figure Legends
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Figure 1   Fuse platform (EndoChoice, GA, United States) consists of the processor, the endoscope with one forward and two lateral cameras and a wide screen where you can appreciate the simultaneous monitor presentation from the three cameras (left, center, right) of the full-spectrum endoscopy system (Image courtesy of Endochoice, GA, United States).
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Figure 2  Incremental benefit from full-spectrum colonoscopy compared to conventional colonoscopy complemented with proximal colon examination with scope retroflexion[26].
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Figure 3  Endocuff (A) fitted onto the tip of the scope (B); device induced flattening of colonic folds during scope withdrawal (C) and assisting lesion reveal during polypectomy (D). 
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Figure 4  Endocuff-Vision with a single row of projections (Photo courtesy of Dr. Z. Tsiamoulos).
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Table 1  Available endoscopes and add-on devices for improving colonoscopy outcomes
Wide-angle view colonoscopes
Add-on devices
Brand
Manufacturer
Brand
Manufacturer
Full-spectrum endoscopy platform (Fuse)
EndoChoice, GA, United States
Third-Eye Retroscope (TER)
Avantis Medical Systems, Inc, Sunnyvale, CA. United States
Extra-wide angle view colonoscope
Olympus Co., Tokyo, Japan
Third-Eye Panoramic
Avantis Medical Systems, Inc, Sunnyvale, CA, United States
Self–propelled disposable colonoscopy system (Aer-O-Scope)
GI View Ltd, Ramat Gan, Israel
Endocuff
Arc Medical Design, Leeds, England


Endocuff-Vision
Arc Medical Design, Leeds, England


EndoRings
EndoAid Ltd, Caesarea, Israel


NaviAid G-EYE
SMART Medical Systems Ltd, Ra’anana, Israel

















Table 2  Intra-procedural quality indicators
Metric
Definition
Suggested target (references)
Cecal intubation rate 
The frequency of completed colonoscopies (cecum is visualized) 
Overall: ≥ 90%


Screening: ≥ 95%[19]
Polyp detection rate 
The proportion of patients with at least one polyp
N/A
Adenoma detection rate 
The proportion of patients with at least one adenoma
Men: ≥ 30%


Women: ≥ 20%[19]
Adenoma per colonoscopy 
The mean number of adenomas detected per colonoscopy
N/A
Polyp miss rate (PMR)
The proportion of polyps missed during a first pass and detected by a second one. It is used in back-to-back studies.
N/A
Adenoma miss rate 
The proportion of adenomas missed during a first pass and detected by a second one. It is used in back-to-back studies.
N/A
N/A: Recommendation not available.


























Table 3  New endoscopes and colonoscopy performance improvement
Ref.
Study design
Technology
Comparator
N 
Indication
Age (yr), range
CIR (%)
PDR (%)
ADR (%)
APC
PMR (%)
AMR (%)
Gralnek et al[23], 2013
Single-center prospective, 
FUSE
None
  50
Mixed
18-70
100%
-
-
N/A
N/A
N/A
Gralnek et al[25], 2014
Multicenter, prospective, randomized, tandem
FUSE
SFV
101 vs 96
Mixed
18-70
98.0% vs 98.9%
-
134.0% vs 28.0%
10.64 vs 0.33
10%vs 43%
7% vs 41%
Papanikolaou et al[26], 2017
Multicenter, prospective randomized, tandem
FUSE
SFV+R
107 vs 108
Mixed
41-80
-
-
-
10.61 vs 0.50
13.0% vs 33.5%
10.9% vs 33.7%
Hassan et al[29], 2016
Multicenter, prospective, randomized parallel
FUSE
SFV
328vs 330
Screening after (+) FIT
50-69
92.1% vs 93.3%
-
43.6% vs 45.5%
0.81 vs 0.85
N/A
N/A
Song et al[24], 2016
Singe-center retrospective, 
FUSE
None
262
Mixed
22-80
100%
54.20%
36.3%
0.66
N/A
N/A
Rath et al[31], 2015 
Multicenter, prospective, parallel
FUSE
SFV
  90
-
-
-
36% vs 24.0%
-
-
N/A
N/A
Manes et al[27], 2016 Abstract 
Single-center prospective, parallel
FUSE
SFV
264 vs 265
Mixed
18-85
-
56.6% vs 44.3%
35.5% vs 29.9%
-
N/A
N/A
Roepstorff et al[28], 2016 Abstract 
Single-center prospective, parallel
FUSE
SFV
109 vs 106
Screening
-
83.4% vs 93.4%
N/A
67.0% vs 59.6%
1.8 vs 1.4 
N/A
N/A
Leong et al[30], 2016 Abstract 
Single-center, prospective, randomized tandem
FUSE
SFV
25 vs 27
IBD
-
-
-
-
-
225.0% vs 71.4% 
-
Uraoka et al[33], 2015
Multicenter, feasibility 
EWAVC 
None
  47
Mixed
-
100%
-
-
0.64
N/A
N/A
Uraoka et al[34], 2013 Abstract 
Multicenter, prospective, randomized parallel
EWAVC
SFV
316
Mixed
-
-
-
50.6% vs 45.6%
1.1 vs 1.0
N/A
N/A
Gluck et al[35], 2016
Single-center, prospective, tandem
Aer-O-Scope
SFV
  56
Screening
27-72
98.2% vs 98.2%
-
21.4% vs 25.0%
-
12.5% for Aer-O-Scope
-
1Refers to the first of the tandem examinations; 2Dysplasia miss-rate. N/A: Non-applicable; -: Data not provided; CIR: Cecal intubation rate; PDR: Polyp detection rate; ADR: Adenoma detection rate; APC: Adenoma per colonoscopy; PMR: Polyp miss rate; AMR: Adenoma miss rate; FUSE: Full-spectrum endoscopy platform; SFV: Standard forward view colonoscope; SFV + R: Standard forward view colonoscope + retroflexion in cecum; EWAC: Extra-wide-angle view colonoscope; IBD: Inflammatory bowel disease. 

















































Table 4  Add-on devices and colonoscopy performance improvement
Ref.
Study design
Device
Comparator
N
Indication
Age (yr)
CIR (%)
PDR (%)
ADR (%)
APC
PMR (%)
AMR (%)
Triadafilopoulos et al[36], 2008
Single-center, prospective, pilot
TER
2SFV
  24
ScreeningSurveillance
mean: 64




310.5
311.1
Waye et al[39], 2010
Multicenter, prospective, open-label
TER
2SFV
249
ScreeningSurveillance
mean: 63



0.61 vs 0.55
311.7%
39.9%
DeMarco et al[37], 2010
Multicenter, prospective, open-label
TER
2SFV
298
Mixed
mean: 57



0.39 vs 0.34
312.9%
313.8%
Leufkens et al[5], 2011
Multicenter, prospective, randomized, tandem
TER
SFV
176 vs 173
Mixed
range: 23-83




15.9 %vs 32.8%(PP)
18.4% vs 31.4%(PP)
Mishkin et al[38], 2012A bstract  
Single-center, prospective
TER
2SFV
68
Mixed





34.4%
37.8%
Rubin et al[40], 2015
Single center, Prospective, feasibility
TEP
2SFV
33
Mixed
mean: 60
100%

44% overall



Gralnek et al[62], 2014
Single-center, prospective, cohort
G-EYE
None
47
Mixed
mean: 59
100%
53.2
44.70%
0.76
N/A
N/A
Halpern et al[63], 2014
Multicenter, prospective, randomized, tandem
G-EYE
SFV
54 vs 52
Mixed
mean: 55 vs 58
100% vs 100%
-
140.4% vs 25.9%
-
-
7.5% vs 44.7%
Halpern et al[65], 2014 Abstract 
Multicenter, prospective, randomized, parallel
G-EYE
SFV
105 vs 117
ScreeningSurveillance
≥ 50
-
-
35.4%vs 23.5%
0.63 vs 0.36
N/A
N/A
Rey et al[64], 2015 Abstract 
Multicenter, prospective, randomized, tandem
G-EYE
SFV
25 vs 24
Referral for colonoscopy
-
-
-
-
-
17 vs 41
-
Hendel et al[66], 2015 Abstract 
Multicenter, prospective, randomized, parallel
G-EYE HD
SFV
54 vs 50
Mixed
≥ 50
-
76% vs 46%
59% vs 39%
1.15 vs 0.66
N/A
N/A
Shirin et al[67], 2016 Abstract 
Multicenter, prospective, randomized, parallel
G-EYE HD
SFV
242 vs 238
Mixed
mean: 65
-
-
49.2% vs 33.8%
0.93 vs 0.57
N/A
N/A
Dik et al[61], 2015
Multicenter, prospective, randomized, tandem
Endorings
SFV
57 vs 59
Mixed
mean: 59
100% vs 100%
168.4% vs 40.7%
149.% vs 28.8%
11.05 vs 0.51
9.1% vs 52.8%
10.4% vs 48.3%
Lenze et al[41], 2014
Single-center, retrospective
Endocuff
None
50
Mixed
mean: 57
98%
-
34%
0.72
N/A
N/A
Floer et al[43], 2014
Multicenter, prospective, randomized, parallel
Endocuff
SFV
249 vs 243
Mixed
median: 64
96% vs 94%
55.4% vs 38.4%
35.4% vs 20.7%
0.58 vs 0.36
N/A
N/A
Biecker et al[44], 2015
Two-center, prospective, randomized, parallel
Endocuff
SFV
245 vs 253
Mixed
median: 67
98% vs 98%
56% vs 42%
36% vs 28%
-
N/A
N/A
Sawatzki et al[42], 2015
Multicenter, prospective, feasibility
Endocuff
None
104
ScreeningSurveillance
mean: 59
99%
72%
47%
-
N/A
N/A
Van Doorn et al[45], 2015
Two-center, prospective, randomized, parallel
Endocuff
SFV
1033(ITT: 504 vs 529 
Mixed
median: 65 vs 65 
ITT: 98% vs 99%
-
ITT: 52% vs 52%
ITT: 1.36 vs 1.17
N/A
N/A




PP: 486 vs 514)


PP: 94% vs 99%

PP: 54% vs 53%
PP: 1.44 vs 1.19


De Palma et al[46], 2017
Single-center, prospective, crossover, tandem
Endocuff
SFV
137 vs 137
Mixed
mean: 55 vs 56
100% vs 100%
-
127.7% vs 28.5%
10.63 vs 0.52
-
1.1% vs 29.7%
Floer et al[48], 2014 Abstract 
Multicenter, prospective, randomized, parallel
Endocuff
SFV
652
Screening
mean: 64
98.5% vs 99.1%
55.4% vs 39.9%
-
0.9 vs 0.54
N/A
N/A
Marsano et al[50], 2014 Abstract 
Multicenter, retrospective
Endocuff
SFV
165 vs 153
ScreeningSurveillance
-
-
-
46.6% vs 30%
0.8vs 0.38
N/A
N/A
Chin et al[53], 2015 Abstract 
Single-center, cohort
Endocuff
SFV
93 vs 143
Mixed
-
-
78.5% vs 57.3%
44.1% vs 27.3%
-
N/A
N/A
Patel et al[52], 2016 Abstract 
Single-center, cohort
Endocuff
SFV
452 vs 597
Mixed
-
-
79.0% vs 57.4% 
51.8% vs 36.3% 
1.59 vs 0.91
N/A
N/A
Higham-Kessler et al[56], 2016 Abstract 
Single-center, cohort
Endocuff
SFV
77 vs 153
ScreeningSurveillance
-
-

67% vs 62.7%
-
N/A
N/A
Garcia et al[51], 2016 Abstract 
Single-center, randomized, parallel
Endocuff
SFV
174 vs 163
Screening
mean: 61 
-
29.9% vs 15.9%
22.4% vs 13.4%
0.31 vs 0.22
N/A
N/A
Wada et al[49], 2016 Abstract 
Two-center, randomized, parallel
Endocuff
SFV
239 vs 207
-
-
EAC: 98.8%
62% vs 50%
55% vs 40%
-
N/A
N/A
Bensuleiman et al[54], 2016 Abstract 
Single-center, prospective, randomized, parallel
Endocuff
CAC
84 vs 75
Screening
-
98% vs 99%
-
53% vs 59%
1.03 vs 1.00
N/A
N/A
Cavallaro et al[55], 2016 Abstract  
Single-center, cohort
Endocuff
SFV
605 vs 579
ScreeningSurveillance
mean: 60 vs60
-
-
53% vs 48%
1.1 vs 0.88
N/A
N/A
Triantafyllou et al[47], 2016 Abstract 
Multicenter, prospective, randomized, tandem
Endocuff
SFV
100 vs 100
Mixed
mean: 61
-
-
-
10.93 vs 0.53
-
14.7% vs 37.6%
Tsiamoulos et al[58], 2015 Abstract  
Single-center, cohort
Endocuff-vision
SFV
133 vs 266
Screening
-
-
-
68.9% vs 58.4%
2.2 vs 1.4
N/A
N/A
Bhattacharyya et al[60], 2016 Abstract  
Single-center, prospective, randomized, parallel
Endocuff-vision
SFV
266 vs 265
Screening
-
-
70.3% vs 69.8%
60.9% vs 63%
1.26 vs 1.35
N/A
N/A
Ngu et al[59], 2016 Abstract  
Multicenter, prospective, randomized, parallel
Endocuff-vision
SFV
1772
Mixed
mean: 62
96.7% vs 96.4%
-
40.9% vs 36.2%
0.95 vs 0.75
N/A
N/A
1Refers to the first of the tandem examinations; 2Use of TER/TEP on SFV; 3Miss rate if TER/TEP was not used. N/A: Non applicable; -: Data not provided; CIR: Cecal intubation rate; PDR: Polyp detection rate; ADR: Adenoma detection rate; APC: Adenoma per colonoscopy; PMR: Polyp miss rate; AMR: Adenoma miss rate; SFV: Standard forward view colonoscope; CAC: Cap-assisted colonoscopy; TER: Third-Eye Retroscope; TEP: Third Eye Panoramic Cap; EAC: Endocuff-assisted colonoscopy; ITT: Intention to treat analysis; PP: Per protocol analysis. 
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