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Abstract
The goal of artificial intelligence in colonoscopy is to improve adenoma detection rate and reduce interval colorectal cancer. Artificial intelligence in polyp detection during colonoscopy has evolved tremendously over the last decade mainly due to the implementation of neural networks. Computer aided detection (CADe) utilizing neural networks allows real time detection of polyps and adenomas. Current CADe systems are built in single centers by multidisciplinary teams and have only been utilized in limited clinical research studies. We review the most recent prospective randomized controlled trials here. These randomized control trials (RCTs), both non-blinded and blinded, demonstrated increase in adenoma and polyp detection rates when endoscopists used CADe systems vs standard high definition colonoscopes. Increase of polyps and adenomas detected were mainly small and sessile in nature.  CADe systems were found to be safe with little added time to the overall procedure. Results are promising as more CADe have shown to have ability to increase accuracy and improve quality of colonoscopy. Overall limitations included selection bias as all trials built and utilized different CADe developed at their own institutions, non-blinded arms, and question of external validity. 

Key Words: Neural networks; Computer aided detection; Artificial intelligence in colonoscopy and polyp detection; Artificial intelligence in adenoma detection

Dougherty KE, Melkonian VJ, Montenegro GA. Artificial intelligence in polyp detection - where are we and where are we headed? Artif Intell Gastrointest Endosc 2021; In press

Core Tip: Use of computer aided detection (CADe) in colonoscopy has been shown to increase polyp and adenoma detection rates compared to standard high-definition colonoscopy with little added procedure time. Additionally, CADe have been built to increase quality of screening colonoscopy. These advantages and features have been demonstrated in blinded and non-blinded randomized controlled trials.

INTRODUCTION
Colorectal cancer (CRC) is the second leading cause of cancer death in the United States. Adenomas are the most common type of precancerous polyp. Colonoscopy remains the gold standard for identifying these precancerous polyps and is the only nonsurgical intervention capable of removing them. The National polyp study showed that up to 90% of CRCs are preventable with polyp removal[1]. The adenoma detection rate (ADR) represents the percent of colonoscopies in which at least 1 adenoma is found. ADR is regarded as the main quality indicator of colonoscopy and ideally ADR should equal adenoma prevalence, estimated to be greater than 50%[2]. Unfortunately, ADRs vary widely, with some endoscopists having ADRs as low as 7%[3]. It has been shown that for each 1% increase in ADR, the interval CRC rate was decreased by 3%-6%[3,4]. The main cause of interval CRC incidence is overlooked lesions due to failure of recognition or incomplete mucosal exposure due to suboptimal technique during the withdrawal phase of colonoscopy[5]. Artificial intelligence in colonoscopy was expected to address these issues in hopes to reduce polyp detection miss rates and subsequently interval CRCs[6,7].

COMPUTER-AIDED DETECTION
The concept of computer-aided detection (CADe) in polyp detection was first described in the early 2000s where software was developed that utilized color and texture to identify polyps[8]. Polyp detection accuracy was as high as 95% however only applicable on static images due to high latency. Tajbakhsh et al[9] created CADe based on hybrid shape analysis. The system sensitivity reached close to 90% however proved un-competitive for real time video stream with high latency[9].
CADe of polyps has evolved exponentially since 2012 when deep learning models began utilizing convolutional neural networks (CNNs) to identify polyp-specific features independent of human input.
CNNs utilize statistical pattern recognition algorithms to identify an object, in this case, a polyp. In brief, the computer recognizes an array of numbers, or picture variables, based on pixel analysis of the captured images. The input layer is then filtered through several hidden layers each acting as distinctive feature identifiers or recognizable features. For example, if the desired outcome is for the CNN to recognize a discrete face, hidden layers would include the nose, mouth, eyebrows, etc. The fully connected layer comes at the end of this neural network and analyzes the output from previous layers to determine which features correlate best to a certain class, i.e., the probability of the image being Jack’s face vs Joe’s face. The higher the probability of identifying the image in effect strengthens the network[10].
CNNs are created and utilized by multiple disciplines including computer science, bioinformatics, machine learning/intelligent systems, and increasingly in healthcare and medicine. CNNs afford the ability to detect images, in this case polyps, in real time analysis. 
Training these networks involves providing a groundwork of data sets or images. Urban et al[11] utilized five different data sets: First, data including over one million images of non-medical objects. Second, a set of over 8600 colonoscopy images containing over 4000 images of unique polyps of varying size and morphologies, as well as over 4500 images without polyps. Third, a separate set of 1330 colonoscopy images, half showing unique polyps and half showing other non-polyp images collected from different patients. Fourth, videos of colonoscopies, and fifth, a larger data set augmenting the original set of colonoscopy images.  This model identified polyps with a 96.4% accuracy rate and demonstrated the ability to work in real time conditions with a processing rate of one frame per 10 milliseconds (ms). It identified all polyps discovered by expert viewers (ADRs > 50%) as well as any additional polyps that were missed. The authors believe utilizing real-time live analysis with this model during colonoscopies will prompt increasingly careful inspection and lead to discovery of additional polyps that may have been missed[11].
Five randomized control trials (RCTs) utilizing independent CADe systems are reviewed here demonstrating significant improvement in ADR compared to standard colonoscopy (Table 1).

RCT
In 2019, Wang et al[12] presented the first prospective single center RCT (Sichuan Provincial, China) investigating the influence of an automatic polyp detection method based on deep learning regarding the polyp detection rate and ADR. The study scheme was a non-blinded trial in which subjects who underwent diagnostic colonoscopy with or without assistance of a real-time automated polyp detection system. The primary outcome was ADR. The real-time automatic polyp detection system was based on SegNet architecture. The algorithm was authenticated and had a per image sensitivity of 94.4% and per image specificity of 95.9%. The system handled at least 25 frames per second with a dormancy of 76.8 ± 5.6 ms in simultaneous video analysis. The monitor was parallel with the original endoscopy monitor and it provided simultaneous visual notice and audible alarm when a polyp was detected. Subjects who had colonoscopy from September 2017 to February 2018 were suitable for enrollment and bowel preparation and high definition colonoscope's were standardized. Exclusion criteria included inflammatory bowel disease, CRC, previous unsuccessful colonoscopy, and high suspicion for polyposis syndromes.
Eight endoscopists participated in the study, half of which who were junior endoscopists. The experience was as follows – two seasoned endoscopists (> 20000 colonoscopies), two midlevel endoscopist (3000-10000), and four junior endoscopist (100-500). 
Standard colonoscopy was completed in the control group. In the CADe the endoscopist was assisted by the real-time automatic detection system. The system captured the endoscopy video and displayed the polyp location with a blue box on a neighboring screen with a coinciding audible alert. The system was turned on during withdrawal only. The endoscopist was obligated to check every polyp location detected by the system devoid of assistance. A missed polyp was delineated as a polyp confirmed by the endoscopist but unobserved by the system. A false alarm was delineated as detected lesion which was interminably traced by the system deemed by the endoscopist not to be a polyp. 
Five hundred thirty-six patients were randomized prospectively into the control group and 522 into the CADe group. There were no statistical differences in demographics, total time of colonoscopy, no polyp withdrawal time or withdrawal time excluding biopsy, bowel preparation and endoscopist experience. There was a statistical difference with withdrawal time of 6.39 min in the routine colonoscopy vs 6.89 minutes in the CADe group.
A 1.89-fold increase was found in the mean number of polyps discovered between the two groups [95% confidence interval (CI): 1.63 to 2.192, P < 0.001]. The PDR of the control and CADe group were 0.29 and 0.45, respectively [odds ratio (OR), 1.995; 95%CI: 1.532-2.544, P < 0.001]. They found a 1.72-fold increase in the mean number of adenomas discovered. The ADR of the control and CADe groups were 0.20 and 0.29, respectively (OR, 1.61; 95%CI: 1.213 to 2.135, P < 0.001). The number of detected polyps was significantly higher in the CADe group when looking specifically at non-pedunculated polyps, polyps 0 cm to 1 cm in size and polyps in all portions of the colon. There was also a considerably higher number of adenomas detected in the CADe group when looking at non-pedunculated polyps, polyps smaller than 0.5 cm and polyps in all portions of the colon except for the cecum and ascending colon. There was a total of 39 false positives in the CADe group. Of discovered polyps in the CADe cohort, none were missed by the automatic system.
ADR in the CADe group showed a trend of 6% increase in the subgroup of patients with excellent bowel preparation.  In addition, their results, including the mean number of detected adenomas, mean number of detected polyps and PDR, were significantly increased. However, this was not statistically significant given the small sample size. 
Limitations of this study include the inability to blind the endoscopists of each arm. In addition, the adenoma and polyp detection rates in this study are substantially lower than what is reported in Western countries, and thus there is a question of whether this study is applicable in centers with higher ADRs at baseline[12]. 
Repici et al[13] published work on a separate CNN by the GI genius, Medtronic system in 2020. The system was trained and validated with 99.7% per lesion sensitivity and 0.9% false-positive frames. Using a series of videos of 2684 histologically confirmed polyps from 840 patients. They performed a multicenter randomized trial to assess the safety and efficacy of this CADe in detection of colorectal neoplasia during real-time colonoscopy. Like Wang et al[12], the operator was not blinded to the study arm assigned to each patient. Colonoscopies were performed by 6 experienced endoscopist to from each center with over 2000 screening colonoscopies; inexperienced endoscopists were not included. High definition colonoscopes were utilized. The CADe system would signal the endoscopist with a bounding box only when a target polyp was recognized in the image. Primary outcome was ADR. Secondary outcomes were proximal ADR, total number of polyps detected, sessile serrated lesions detection rate, mean number of adenomas per colonoscopy (APC), cecal intubation rate and withdrawal time.
Patient's undergoing colonoscopy from September to November 2019 were included. Colonoscopy requirements included colorectal screening or post polypectomy surveillance as well as work-up following FIT positivity or patients with appropriate signs and symptoms warranting further work up. Patients were excluded in the case of personal history of CRC or Inflammatory bowel disease (IBD), previous colon resection, or antithrombotic therapy precluding polyp resection.
A total of 685 patients were randomized, 341 in CADe arm and 344 in the control arm. There was no significant difference in terms of bowel preparation or cecal intubation rate. ADR in the CADe group was 54.8% vs 40.4% in the control group. After adjusting for age, gender, and indication the ADR was significantly higher in the CADe group compared to the control. 
The CADe group identified more non-polypoid (26.6% vs 18.4%) and polypoid (37.3% vs 26.5%) lesions compared to control. The proportion of patients with < 10 mm adenomas was higher in the CADe group, 44.3%, vs in the control group, 32.3%. The difference between the 2 arms was significant for both ≤ 5 mm and 6 mm to 9 mm adenomas. Regarding location, the proportion of patients with proximal adenomas was higher in the CADe group then in the control group. This was also true for distal adenomas. Forty-five patients were diagnosed with advanced neoplasia in the CADe group compared with 36 in control group, demonstrating a detection rate for advanced neoplasia of 13.3% and 10.5% respectively. 
Of the 460 patients who underwent polyp resection, 120 did not have histologically proven adenomas, sessile serrated lesions, or CRC. The non-neoplastic resection rate for CADe and control were 26% and 28.8%, respectively. 
Repici et al[13] demonstrated that addition of real-time CADe to colonoscopy resulted in 30% and 46% relative increase in ADR and APC. Safety of the system was demonstrated by the lack of increase of both useless resections and withdrawal time. Computer aided detection efficacy appeared to be independent of morphology and location of neoplasia and was mainly explained by the additional detection of polyps that were less than 5 mm, or between 6 mm to 9 mm in size. Limitations of this study were like Wang et al[12] in that the endoscopists in each arm were not blinded. In addition, they did not include inexperienced endoscopists in their study. They demonstrated the safety and efficacy of integrating a CADe with colonoscopy with a substantial improvement of ADR and adenoma per colonoscopy without increasing the removal of non-neoplastic lesions. This is likely to improve the quality of colonoscopy without affecting efficiency[13].
In 2020, Liu et al[14] published their work using yet another CNN or CADe system. Polyp positive videos (151) and polyp negative videos (384) were used to design the system. This system utilized spatiotemporal data to recognize polyps, which is presumed to be more suitable for video data sets. This was a prospective, single center, randomized control study (China) to demonstrate the effective of CADe on the detection rate of polyps and adenomas during colonoscopy. Bowel preparations and high definition colonoscope's were standardized. Exclusion criteria included inflammatory bowel disease, history of CRC surgery, history of radiotherapy and/or chemotherapy and biopsy contraindications. CADe was only utilized during withdrawal phase. The system processed each frame and displayed the detected polyp. When the lesion would appear on the screen a voice alarm would prompt endoscopist to view the system. This study was done without the assistance of nurses, trainees, or staff. Polyps identified by the endoscopist but not identified by the CADe system were deemed “missed polyps” and were documented. False alarms were defined as lesions detected and continuously tracked but were not identified as polyps by the system.
A total of 1026 patients were eligible: 518 in the control and 508 in the computer-aided detected group. The two groups were similar in demographics and risk factors. Total withdrawal time in the standard group vs the CADe group was 6.74 min and 6.82 min, respectively (P < 0.001).
A total of 734 polyps were detected. Three hundred and ninety-two of these were adenomas representing 53.41%, and 31 were sessile serrated adenomas representing 4.22%. In total 248 polyps were detected in the control group and 486 polyps in the CADe group, a rate of 33.79% vs 66.21%, respectively. The corresponded to 1.53 times increase in the average number of polyps detected in both (95%CI: 1.652-2.297, P < 0.001). The polyp detection rates in control and CADe were 0.28 and 0.44, respectively which corresponded to 1.51 times increase in number of adenomas detected (95%CI: 1.423-2.016, P < 0.001). The detection rates of adenomas in control vs CADe group were 0.23 and 0.39, respectively (CI: 1.201- 2.220, P < 0.001). The number of polyps detected in the CADe group was significantly higher than control group when looking at sessile polyps, polyps 0 cm to 1 cm in size, and polyps in all portions of the colon. The number of adenomas detected in the CADe group also increased significantly when considering sessile polyps, polyps ≤ 0.5 cm, and polyps in all parts of the colon excluding the cecum and ascending colon.
Similar to Wang et al[12], detection rate in the CADe was higher when intestinal preparation was deemed adequate. Insufficient sample size of the subgroup analysis failed to show statistical significance. There were 36 false alarms in the CADe group corresponding to an average of 0.071 false alarms per colonoscopy. Of all polyps detected in the CADe group no polyps were missed. In mirroring the results of previous RCTs, this study again demonstrated significantly higher detection rates of adenoma, and average number of polyps and adenomas by colonoscopy in the CADe group when contrasted to control groups. However, the overall rise in adenoma detection was mainly due to the rise in detection of small adenomas, less than 1 cm in most instances.
The study review shows that integration of computer aided detection systems can effectively detect polyps that were otherwise missed by the endoscopist, however there is a blind area with polyps that remain undetected which remains an unanswered problem. Similar to Wang et al[12] study limitations include non-blinded endoscopists and low ADRs of endoscopists, as compared to Western countries. In conclusion the study showed this CADe increases the detection rate of colorectal polyps and adenomas, therefore depicting its feasibility for detection of polyps and adenomas on colonoscopy[14].
The first single center, randomized, double-blind trial to evaluate the use of automatic polyp detection using the CAD system during colonoscopy was published in early 2020 by Wang et al[12]. They enrolled consecutive patients between September 2018 and January 2019. After all exclusion criteria, there were 484 patients in the CADe group and 478 in the sham group. All qualified patients were randomized 1:1 to either white light colonoscopy with CADe assistance or to the control group consisting of white light colonoscopy with a mock system. Patients were not notified of their assignment and blinding of the operating endoscopists was achieved by the mock system. Four senior endoscopists participated, each with at least 5 years’ experience, completing a minimum of 1000 colonoscopy procedures per year. 
Endoscopists were told to perform all colonoscopy procedures with the aid of a CADe system, and they were unaware of the use of the mock system. Authors utilized the same CADe system as previously discussed in their non-blinded trial. A mock system was designed to appropriately mask the endoscopists. This system simulated alert boxes on polyp-like non polyp structures without tracking actual polyps during colonoscopy.  The sham model was built using a portion of the images used to develop the CADe system as previously described, producing a much lower sensitivity and specificity. The grouping and outputs of the mock and computer aided detection systems were only observable to a senior endoscopist using a separate monitor acting as a second observer.
In both study groups, if the operating endoscopist did not recognize an abnormality within an alert box, the observer was tasked with informing the location of any alert box for the operating endoscopist using a laser pointer on the principal monitor. An alarm sounded to the observer via earpiece if an alert box was visible. The observer was not blinded to the intervention and aware which system was being used.  All observable alert boxes were documented by the observer, however only the alert boxes that were on non-polyp structures were recorded as consistent false detections in the CADe, i.e., false alarms. Consistent false detections of the CADe were recorded and believed not to be a polyp by the operating endoscopist. In the CADe group the observer also recorded any missed detections, defined as a polyp discovered by the working endoscopist and proved by histology but not alerted by the CADe.
After the clinical analysis, they analyzed the videos of polyps that were detected by CADe, but initially missed by the operating endoscopist. The video clips were then independently reviewed by an addition 3 skilled, experienced endoscopists who did not partake in the clinical trial. Endoscopists labeled each video when they identified a polyp, and they were limited to single viewing of the videos. Analysis of sensitivity and specificity on these easily overlooked polyps was performed.
The primary outcome was proportion of individuals who underwent a complete colonoscopy and had 1 or more adenomas detected. Secondary outcomes were the proportion of individuals undergoing a complete colonoscopy who had 1 or more polyps detected, the number of polyps per colonoscopy, and the number of APC, which was calculated by dividing the total number of polyps that are adenomas detected by the total number of colonoscopies done. 
Four hundred seventy-eight patients were allocated to sham group and 484 to the CADe. No difference was in terms of demographics and adenoma detection probability features. There were no recorded untoward events with these procedures. There was a statistically significant increase in withdrawal time with the CADe group, 7.46 min vs 6.99 min, (P < 0.0001).
More biopsies were performed for polyps in the CADe group than in the mock group. When omitting the time taken to do biopsies, the mean withdrawal time was not statistically significant between the groups. Overall, 809 polyps were detected, of which 38% were found in the mock group and 62% were found in the CADe group. Of these polyps, 57% were adenomas and 4% were sessile serrated adenomas. When considering shape (sessile) and size (0-5 mm), the CADe group had a significantly higher number of detected polyps and adenomas. 
Notably, there was a 1.61-fold increase in polyps detected per colonoscopy between the 2 groups (95%CI: 1.39-1.85; P < 0.0001). The PDR was significantly higher in the CADe group then with the mock system, 52% vs 37%. A 1.53-fold increase in APC between the groups (95%CI: 1.27-1.85; P < 0.0001). The ADR was significantly higher with the CADe system compared to the mock system with 28% in the sham control group and 34% in the CADe group having an adenoma detected. Based on the observers’ judgement, here were 48 false detections in the CADe group, averaging 0.1 per colonoscopy. Of all the detected polyps in the experimental group, none were missed by the CADe system.
An average of 0.17 adenomas and 0.33 polyps per patient were overlooked initially by the endoscopist in the CADe group. These polyps were small (mean adenoma size 3.89 mm), isochromatic, flat in shape, had unclear boundaries, were partly behind colon folds, and were on the edge of the visual field. The sensitivity and specificity of three skilled endoscopist during review of the endoscopy videos was 17% and 64%, respectively. 
Once again, Wang et al[12] demonstrated a CADe system can effectually increase the number of polyps and adenomas detected with colonoscopy, and after controlling for operational bias. The CADe system had higher sensitivity and specificity for detection of easy to overlook polyps compared to evaluation based solely on the utilities of the human endoscopist.
The main contribution of CADe in this system demonstrated a rise detection of diminutive and non-pedunculated, non-advanced adenomas and hyperplastic polyps. The CADe system is safe and effectual approach to increase ADR during colonoscopy[2].
In 2020, Su et al[15] published a prospective randomized control study comparing CADe with control, however, their CADe was built with quality control, specifically supervising withdrawal stability, from five different neural networks (AQCS). Similar to the other trials mentioned, AQCS was turned on during withdrawal. In addition to visual cue when polyps detected, the added features in this system were notifying the endoscopist to slow down withdrawal speed and re-examine colonic segments when unstable or blurry frames were detected continuously and prompting endoscopist to clean mucosa when inadequate score (Boston Prep Score < 2) was given by system. Study was single center in Qilu Hospital in China, from October 2018 to May 2019. Study included patients over 18yo who were able to give consent for screening colonoscopy. Exclusion criteria included history of IBD, CRC or colorectal surgery, patients with previously failed colonoscopy, or highly suspicious for polyposis syndromes, or patients whose colonoscopy could not be completed due to stenosis or large occupying lesions. Six endoscopists participated, each with 4-6 years of experience and colonoscopy volume of 5000 to 8000. Endoscopists were not blinded to randomization status, however, patients, data collection and study analyses were blinded. 
A total of 659 patients were randomized, after exclusions, 308 in AQCS group and 315 in control. There were no differences in demographics between the two groups. They performed retrospective review of 459 normal colonoscopies without positive findings performed by participating colonoscopists and there was no significant difference in the mean withdrawal times between the two groups. 
A total number of 169 adenomas were detected, 56 control and 113 AQCS group. ADR in control 16.51% vs 28.9% AQCS group (OR, 2.055; 95%CI: 1.397-3.024; P < 0.001). Additionally, there were more adenomas detected in AQCS when non pedunculated, diminutive adenomas (≤ 5 mm), larger adenomas (> 5 mm), and adenomas in all segments with exception of cecum and rectum were considered. 
Polyp detection rates were also higher in the AQCS group, 38.1% vs 25.4% in control (OR, 1.824; 95%CI: 1.296-2.569; P = 0.001).
Withdrawal time excluding biopsy time was significantly longer in the AQCS group than in the control group (7.03 ± 1.01 min vs 5.68 ± 1.26 min, P < 0.001). For the AQCS group there was a significant improvement in withdrawal time in this study compared to their retrospective withdrawal times before this study. Adequate bowel preparation rate was 87.3% in the AQCS group vs 80.6% in control group, (OR, 1.656; 95%CI: 1.070-2.564; P = 0.023).
There were 62 false prompts (false positives), averaging 0.201 false prompts per colonoscopy and no missed prompts (false negatives) in the AQCS group.
Su et al[15] demonstrated significant improvement in ADR when utilizing a quality-controlled CADe system that supervises in withdrawal stability and prompts endoscopists to clean colonic mucosa when inadequate prep scores are recognized. The AQCS demonstrated significant increase in ADR and an increase detection of larger adenomas, compared to previously mentioned CADe systems. 
Limitations of this study are similar to prior RCTs where endoscopists are not blinded to randomization. It is also a single center study with only experienced endoscopists participating. Authors mention that the system utilized 4 intra-procedural quality metrics, and these combined, improved ADR. They did not perform preliminary testing to evaluate whether 2 or 3 metrics would increase ADR to standard colonoscopy. 

CONCLUSION
The goal of computer aided detection of polyps and adenomas is to close the gap between ADR and adenoma prevalence and in turn reduce interval CRC rates. CADe systems could act as second observers and reduce miss-rates of polyps. Implementation of CNNs for image recognition has overhauled the playing field regarding artificial intelligence utilization in colonoscopy, as these networks are built to allow image recognition in real time. As mentioned above, multiple CADe systems are being built and programmed by multidisciplinary teams from bioinformatics, computer science, machine learning/intelligent systems and in medicine. A single system has not been shown to be superior to others.  
As demonstrated by randomized trials, the ability to integrate CADe with colonoscopy in real time has demonstrated overall ADR and polyp detection rates were significantly higher for CADe groups compared with control. These were most significant for small, diminutive polyps and adenomas ≤ 5 mm and those which were sessile in character. These CADe systems have been shown to be safe and efficient. The CADe systems mentioned here have scarce miss rates, if any, when it comes to polyp detection. Small adenomas have less probability for malignant transformation compared to larger, however the increase in total ADR may contribute to decreased risk of interval CRC. Conversely, increased detection and resection of diminutive lesions may represent additional unnecessary polypectomies and add to workload, cost, and pathology resource utilization. Wang et al[12] remarks that gaining the ability to identify small adenomas will provide the advantage of resecting small pre-malignant lesions along with distinguishing patients who are at higher risk for future adenomas and interval cancer. Sue et al[15]’s AQCS network demonstrated increase detection of larger adenomas. Their system was unique to others in that it was built with a quality control feature that essentially improved the quality of colonoscopy by improving withdrawal time and identifying inadequate exposure of mucosa. Detection of polyps and adenomas by CADe relies on exposure of the entirety of the colonic mucosal field by the endoscopist. Polyps that remain outside of the visual field still pose a major deficiency that have the potential to be addressed by this system. 
Endoscopists are still responsible for proper execution of the colonoscopy procedure, including cecal intubation rate. Inexperienced endoscopists are likely to have suboptimal results in the technical exposure of colorectal mucosa and perhaps adding quality control to CADe is the answer as demonstrated by Su et al[15]. Additionally, the AQCS was not utilized by inexperienced endoscopists in that RCT. 
Artificial intelligence in colonoscopy has certainly made strides over the last decade, specifically in real time detection.  Currently, CADe systems based on CNN for the use of polyp and adenoma detection during colonoscopy are being built in single centers. This poses a risk of selection bias leading to difficulty implementing any one CADe system on a wide scale.  Appropriately curated large scale data sets are needed to limit data set bias. Collection of image and video inputs should be broad and include unsampled or under-represented lesions. The added complexity of developing CADe to assist in withdrawal stability and identification of inadequate exposure elevates the technology of AI as these enhance the ability and accuracy of the endoscopist who remains the critical portion of the colonoscopy, for now[15-17]. In addition to polyp detection, models built to aid in diagnosis and classification of inflammatory bowel disease have been described[18,19]. Current systems should have controlled and practical set up, as not add to the workflow of standard colonoscopy. Ideally these systems should predict pathology and size and improve accuracy, minimizing unnecessary pathologic assessment and avoidable resection of non-neoplastic lesions. While it is expected that technologic cost will increase initially, when used effectively and efficiently, CADe systems should ultimately reduce cost. The review of RCTs demonstrates undeniable improvement of ADR when utilizing CADe compared to standard colonoscopy.  Collectively they demonstrate CADe are safe and practical when used in real-time and more complex CADe systems have the potential to improve accuracy of the endoscopist improving quality of colonoscopy.
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Table 1 Five randomized control trials utilizing independent computer aided detection systems
	Ref.
	Study design
	Blinded? 
	Type of system
	ADR control
	ADR CADe
	False alarms (per colonoscopy)
	Missed polyps

	Wang et al[12], 2019
	RCT
	No
	CADe
	0.2
	0.29 (P < 0.001)
	0.075
	0

	Repici et al[13], 2020
	RCT
	No
	CADe
	0.404
	0.548 (P < 0.001)
	-
	-

	Liu et al[14], 2020
	RCT
	No
	CADe
	0.23
	039 (P < 0.001)
	0.071
	0

	Wang et al[2], 2020
	RCT
	Yes
	CADe
	0.28
	0.34 (P = 0.03)
	0.1
	0

	Su et al[15], 2020
	RCT
	No
	CADe + Quality
	0.165
	0.289 (P < 0.001)
	0.2
	0


RCT: Randomized control trial; CADe: Computer aided detection.

