
Journal Pre-proof

Lower Adenoma Miss Rate of Computer-aided Detection-Assisted Colonoscopy vs
Routine White-Light Colonoscopy in a Prospective Tandem Study

Pu Wang, M.D, Peixi Liu, M.M, Jeremy R. Glissen Brown, MD, Tyler M. Berzin, MD,
Guanyu Zhou, M.M, Shan Lei, M.D, Xiaogang Liu, M.M, Liangping Li, M.M, Xun
Xiao, M.M

PII: S0016-5085(20)34820-4
DOI: https://doi.org/10.1053/j.gastro.2020.06.023
Reference: YGAST 63557

To appear in: Gastroenterology
Accepted Date: 10 June 2020

Please cite this article as: Wang P, Liu P, Glissen Brown JR, Berzin TM, Zhou G, Lei S, Liu X, Li L,
Xiao X, Lower Adenoma Miss Rate of Computer-aided Detection-Assisted Colonoscopy vs Routine
White-Light Colonoscopy in a Prospective Tandem Study, Gastroenterology (2020), doi: https://
doi.org/10.1053/j.gastro.2020.06.023.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published
in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2020 by the AGA Institute

https://doi.org/10.1053/j.gastro.2020.06.023
https://doi.org/10.1053/j.gastro.2020.06.023
https://doi.org/10.1053/j.gastro.2020.06.023


Title: Lower Adenoma Miss Rate of Computer-aided Detection-Assisted Colonoscopy vs Routine 

White-Light Colonoscopy in a Prospective Tandem Study 

 

Authors:  Pu Wang M.D1, Peixi Liu M.M1, Jeremy R. Glissen Brown MD,2 Tyler M. Berzin MD2, 

Guanyu Zhou M.M1, Shan Lei M.D1, Xiaogang Liu M.M1, Liangping Li M.M1, Xun 

Xiao M.M1* 

 

From:   

1Sichuan Academy of Medical Sciences & Sichuan Provincial People's Hospital, Chengdu, China 

2Center for Advanced Endoscopy, Beth Israel Deaconess Medical Center and Harvard Medical 

School, Boston, Massachusetts, USA 

 

Correspondence*: 

Xun Xiao  

Department of Gastroenterology 

Sichuan Academy of Medical Sciences & Sichuan Provincial People's Hospital 

No.32 West Second Section, First Ring Road, Chengdu, Sichuan, China 

Tel. +86-028 8739 3927  

E-mail: Xun Xiao: xiaoxun001@outlook.com  

Abbreviations: ADR, adenoma detection rate; AMR, adenoma miss rate; BBPS, Boston bowel 

preparation scale; BMI, body mass index; CAD, computer aided diagnosis; CADe, computer aided 

detection; CRC, colorectal cancer; FC, fold change; GI, gastrointestinal; IBD, inflammatory bowel 

disease; IRB, institutional review board; NSAID, nonsteroidal anti-inflammatory drug; OR, odds ratio; 

PMR, polyp miss rate; SSA/P, sessile serrated adenoma/polyp 

Disclosure:  The CADe system (EndoScreener) was developed by Shanghai Wision AI Co., Ltd. The 

system was provided free-of-charge for the purpose of this study. Employees in the company were not 

involved in the clinical trial in any way, including in study design, statistical analysis or manuscript 

writing. 

Author contributions:  Pu Wang, Xun Xiao, Guanyu Zhou, Peixi Liu, Jeremy Glissen Brown and 

Tyler Berzin contributed to study concept and design. Liangping Li, Peixi Liu, Pu Wang, Guanyu Zhou, 

Xiaogang Liu contributed to acquisition of data. Pu Wang, Jeremy Glissen Brown and Tyler Berzin 

contributed to interpretation of data and drafting of the manuscript. 

All authors read and approved the final manuscript. 



Acknowledgement:  We thank Dr. Wenfei Zhang for the advice on statistical analysis. We thank the 

senior endoscopy nurses Mr. Zhiqiang Luo and Mr. Renyi Zhang for participating in this study 

 

Abstract:  

Background & Aims: Up to 30% of adenomas might be missed during screening colonoscopy—these 

could be polyps that appear on-screen but are not recognized by endoscopists or polyps that are in 

locations that do not appear on the screen at all. Computer-aided detection (CADe) systems, based on 

deep learning, might reduce rates of missed adenomas by displaying visual alerts that identify 

precancerous polyps on the endoscopy monitor in real time. We compared adenoma miss rates of 

CADe colonoscopy vs routine white-light colonoscopy.  

 

Methods: We performed a prospective study of patients, 18–75 years old, referred for diagnostic, 

screening, or surveillance colonoscopies at a single endoscopy center of Sichuan Provincial People’s 

Hospital from June 3, 2019 through September 24, 2019. Same day, tandem colonoscopies were 

performed for each participant by the same endoscopist. Patients were randomly assigned to groups 

that received either CADe colonoscopy (n=184) or routine colonoscopy (n=185) first, followed 

immediately by the other procedure. Endoscopists were blinded to the group each patient was assigned 

to until immediately before the start of each colonoscopy. Polyps that were missed by the CADe system 

but detected by endoscopists were classified as missed polyps. False polyps were those continuously 

traced by the CADe system but then determined not to be polyps by the endoscopists. The primary 

endpoint was adenoma miss rate, which was defined as the number of adenomas detected in the 

second-pass colonoscopy divided by the total number of adenomas detected in both passes. 

 

Results: The adenoma miss rate was significantly lower with CADe colonoscopy (13.89%; 95% CI, 

8.24%–19.54%) than with routine colonoscopy (40.00%; 95% CI, 31.23%–48.77%, P<.0001). The 

polyp miss rate significantly lower with CADe colonoscopy (12.98%; 95% CI, 9.08%–16.88%) than 

with routine colonoscopy (45.90%; 95% CI, 39.65%–52.15%) (P<.0001). Adenoma miss rates in 

ascending, transverse, and descending colon were significantly lower with CADe colonoscopy than 

with routine colonoscopy (ascending colon 6.67% vs 39.13%; P=.0095; transverse colon 16.33% vs 

45.16%; P=.0065; and descending colon 12.50% vs 40.91%, P=.0364).  

 

Conclusions: CADe colonoscopy reduced the overall miss rate of adenomas by endoscopists using 

white-light endoscopy. Routine use of CADe might reduce the incidence of interval colon cancers. 

chictr.org.cn study no: ChiCTR1900023086 
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Introduction 

    Adenomas are routinely missed during colonoscopy by individual endoscopists1. Although 

colonoscopy remains the gold standard for screening cancer and precancerous lesions in the colon2 

colonoscopy can be technically demanding as it requires both manipulation and observation at the same 

time, and there is significant variation in how colonoscopy is performed and how lesions are detected 

between individual endoscopists. 

Non-visualization is a major cause of missed diagnosis, as lesions may remain hidden behind folds 

or debris during colonoscopy. Such lesions could be better exposed by means of high-quality bowel 

cleansing, endoscopic cameras with wider viewing angles, and meticulous mucosal inspection 

techniques1. However, adenoma miss rate (AMR) still ranges from 6% to 41% using white light 

colonoscopy1 3. Studies using full spectrum colonoscopy (FUSE), which provides 330° angle of view, 

show an adenoma miss rate between 7.0%4 and 20.5%3. This indicates that lesions within the visual 

field may still be missed due to failure of identification by human eye.  

For those polyps that are technically in the visual field, such lesions may be non-obvious, briefly 

visible, partially obscured or appear on the edge of the screen5. Second observer strategies that utilize 

either nurse observers or trainees during colonoscopy may increase polyp detection rate (PDR), but use 

of a second observer may or may not increase adenoma detection rate (ADR)5 6 7 8 9. In addition, it is 

likely that adding additional human observers may not completely overcome the deficiencies of human 

attention and human visualization in the identification of subtle colonic lesions 5 9. Thanks to the 

breakthrough of artificial intelligence10 11, computer-aided detection (CADe) systems have been 

developed that show high accuracy, fidelity and consistency and in prospective randomized trials have 

shown promise as a standardized second observer. Such a system may help to avoid missed diagnoses 

for any visible lesions that appear ever briefly in the visual field by providing real-time visual alerts 

during colonoscopy12. The positive impact of CADe on ADR has been demonstrated prospectively in 

the clinical setting5 13. 

While, past prospective studies have shown a clear increase in ADR, relatively little is known in 

regards to the exact contribution of the CADe system to the increase in detection rate. In addition, 

AMR, another important indicator that reflect the quality of colonoscopy, has not been specifically 

examined. Such a variable can directly reflect the impact of CADe by using a back-to-back 

comparison4. Therefore, we aim to investigate the impact of CADe on AMR by means of a tandem 

study. Furthermore, by comparing video records of first and second pass, the direct contribution of the 

CADe system may be better demonstrated.   

 

Methods 

Study design and patients 

This study was a single-center, open labeled, prospective, randomized, tandem study, which was 

conducted in the endoscopy center in Caotang branch hospital of Sichuan provincial people’s hospital, 

China between June 3, 2019 to September 24, 2019. We recruited patients from 18-75 years who had 



been referred for diagnostic, screening colonoscopy or surveillance colonoscopy (for patients who 

underwent previous polypectomy). We excluded patients with a history of IBD, CRC, colorectal 

surgery, or contraindication for biopsy. Patients whom the cecum were not reached and were high 

suspicion for polyposis syndromes, IBD and CRC were also excluded. In addition, we excluded cases 

of ‘difficult insertion’ (defined as insertion time > 7 minutes in first pass), because of safety 

considerations for an already prolonged tandem procedure. Written informed consent was obtained 

from all participants before the colonoscopy examination. 

The protocol was approved by the Institutional Review Board of Sichuan Academy of Medical 

Sciences & Sichuan Provincial People’s Hospital. 

 

Randomization and masking 

All eligible patients were randomized via computer-generated stratified randomization to either 

CADe colonoscopy or routine colonoscopy, followed immediately by the other procedure. Block 

randomization with a block size of 4 was used to determine the assignment (1:1) of each participant. 

The randomization was performed using a digital random number generator before the procedure to 

either CADe white light colonoscopy first versus routine white light colonoscopy first. Patients were 

blinded to the grouping. Operating endoscopists were told the group allocation by a research assistant 

before the start of colonoscopy procedure.  

 

Interventions 

The CADe system (EndoScreener, Shanghai Wision AI Co., Ltd. China) is a real-time automatic 

polyp detection system (Figure S1) developed on a deep learning architecture. In a preliminary study, 

the system was validated to have a per-image sensitivity of 94.38%, per-image specificity of 95.92% 

and an area under the receiver operating characteristic curve of 0.984 to detect colon polyps in 

colonoscopy report images. In addition, the system was also validated to have a per-polyp sensitivity of 

100.00% (per-image sensitivity of 91.64%) and a per-image specificity of 95.40% in real-world 

colonoscopy videos12. The system processes >30 frames per second with a latency of 46.56 ± 2.79ms 

on Ge-Force-1080ti (Nvidia, CA), an imperceptible latency14 for most human endoscopists. The CADe 

system was integrated into the endoscopy model by means of synchronously capturing and analyzing 

the video stream from the endoscopy processor and displaying alert boxes directly into the primary 

endoscopy monitor. This CADe colonoscopy works in an augmented reality way to assist endoscopists 

to detect polyps1. (video S1) 

 

Procedures 

A same-day back-to-back tandem colonoscopy was performed for each eligible patient by the same 

endoscopist to assess AMR. All polyps were biopsied or removed by cold forceps biopsy once verified 

by the operating endoscopist. Larger polyps identified during colonoscopy are biopsied and referred for 

later complete resection, as is typical of the endoscopy workflow for a large referral center in China. 



Diminutive (≤2 mm) rectal polyps deemed by the endoscopist to be hyperplastic in nature4 by use of 

blue laser imaging (BLI) or Fuji Intelligent Chromoendoscopy (FICE) mode according to type 1 of 

NBI International Colorectal Endoscopic (NICE) Classification15, were not biopsied. The location, size 

and morphological features according to the Paris classification of each detected polyp were recorded 

by the research assistant.  

Colonoscopies were performed with latest-generation model (Fujifilm LASEREO and VP4450HD), 

high definition colonoscopes (EC-L590, EC-580, EC-590) (Fujifilm, Tokyo, Japan) and high-definition 

monitors. All colonoscopy exams were done with white light only, except for NICE classification for 

an identified polyp when BLI or FICE mode was used in a short-interval at the discretion of the 

colonoscopists. Anesthesia, including midazolam, fentanyl or propofol, was delivered and supervised 

by an anesthesiologist during colonoscopy examination for each participant. Bowel preparation method 

was 2 L of polyethylene glycol with 6 ml simethicone solution, given in split doses. 

Three experienced endoscopists from the division of gastroenterology participated as colonoscopy 

performers in this study. 

In the routine pass, a routine white light colonoscopy was performed. In the CADe pass, the CADe 

system processed each frame of the video stream synchronously and reported the detected polyp 

location with a hollow blue alert box directly in the endoscopy monitor with a simultaneous sound 

alarm (Video S2). The system was activated during withdrawal only. For any area alerted by the CADe 

system, the endoscopist was required to check and verify the area within the box based on his or her 

own clinical judgement.  

All polyps detected during first-pass colonoscopy were biopsied or removed using cold forceps 

biopsy. During the second-pass colonoscopy, any additional polyps detected were also biopsied or 

removed by cold forceps biopsy. The residue of polyp which was biopsied during the first pass was a 

mark that demonstrated the polyp had been identified during the first pass, and these lesions were not 

counted as detected during the second pass. Repeat biopsies of already-biopsied lesions were not taken 

during the second pass. All biopsied tissue was sent for pathological examination. 

We measured the level of bowel cleanliness during colonoscopy with the Boston Bowel Preparation 

Scale (BBPS). Insertion time to the cecum, withdrawal time for each pass, and biopsy time for each 

lesion were all recorded with a stopwatch during each colonoscopy procedure by a staff assistant. The 

endoscopist estimated polyp size with an open biopsy forceps. 

In the CADe colonoscopy pass, missed polyps by the CADe system and consistent false detections 

by the CADe system were recorded. A missed polyp by the CADe system was defined as a polyp 

verified by the endoscopist but undetected by the system. A consistent false detection by the CADe 

system was defined as a detected area, which was continuously tracked by the system, but deemed by 

the endoscopist not to be a polyp. Any complication during the procedure or recovery was also 

recorded. All authors had access to the study data and reviewed and approved the final manuscript. 

  

Outcomes 

The primary outcome was adenoma miss rate (AMR), which was defined as the number of 



adenomas detected in the second-pass colonoscopy divided by the total number of adenomas detected 

in both passes. The secondary outcomes were polyp miss rate (PMR), which was defined as the number 

of polyps detected in the second-pass colonoscopy divided by the total number of polyps detected in 

both passes, in which the non-biopsied hyperplastic polyps in rectum were included. Miss rate of 

advanced adenomas, and SSA/Ps were calculated with the same definitions as AMR and PMR. Patient 

miss rate, which was defined as number of patients in whom adenomas were detected in second pass 

for the first time divided by the total number of patients with at least one adenoma detected. Adenoma 

detection rate (ADR) for the first pass was defined as the proportion of individuals with at least one 

adenoma detected in the first pass procedure. Adenoma per colonoscopy (APC) or polyp per 

colonoscopy (PPC) was defined as the total number of adenomas or polyps divided by the total number 

of patients of each group. We defined advanced adenomas as any adenoma of 10 mm or greater in size, 

or containing villous histology, or with high-grade dysplasia16 17.  

Additionally, since the CADe system is felt to help with missed polyps that appear in the visual field 

but remain unrecognized,1 but not those that fail to appear in the visual field, to further scrutinize the 

contribution of the CADe system, 3 senior expert endoscopists reviewed all video records and excluded 

polyps which did not appear in the visual filed during the first pass. Here we define visible adenoma 

miss rate (AMR-V) and visible polyp miss rate (PMR-V) as the proportion of missed adenomas or 

polyps among all detected adenomas or polyps which were visible in first pass. Meanwhile, we define 

invisible adenoma miss rate (AMR-INV) and invisible polyp miss rate (PMR-INV) as the proportion of 

missed adenomas or polyps among all detected adenomas or polyps which were invisible in first pass. 

  

Statistical analysis 

We prospectively designed this study to allow for 80% power or more to detect a 15% difference (30% 

vs 15%) in adenoma miss rates, per lesion analysis, between colonoscopy procedures with a two group 

χ2 test with a two-sided α level of 0.05. Thus, the overall participant enrolment goal was 392 to allow 

for potential exclusions or dropouts of 10%, with each participant undergoing same day, back-to-back 

colonoscopy (784 tandem colonoscopies in total). Descriptive statistics were calculated for all 

measured variables and derived parameters. For continuous variables, time to reach the caecum, 

colonoscope withdrawal time, and total procedure time, we calculated means, medians, IQRs, SDs, and 

minimums and maximums. For categorical variables, summary statistics were counts and percentages. 

We used t tests to compare continuous variables. For categorical variables, we used Fisher’s exact test 

or χ2 test to compare detection rates between groups. For estimates of proportions, we calculated 95% 

exact binomial CIs. All tests applied were two-tailed. We analyzed data with R (version 3.4.4). 

 

Role of the funding source 

The study had no funding source. P W, G Z, P L and X X had full access to the raw data and had 

final responsibility for the decision to submit for publication.  

 

Results 



Baseline and demographic data (Table 1) 

A total of 386 patients were enrolled in this study, 4 patients withdrew the consent before grouping. 

382 patients were randomized into the routine-first (n=190) group or CADe first group (n=192). 13 

patients were excluded during colonoscopy due to exclusion criteria. A total of 369 eligible patients 

were analyzed, with 185 patients in routine-first group and 184 in the CADe first group (Figure 1). The 

total withdrawal time of routine-first and CADe first groups were 7.14 minutes vs. 7.85 minutes 

(p=0.001) in the first pass and 6.73 minutes vs. 6.34 minutes (p=0.001) in the second pass respectively, 

possibly due to more polyps detected and more biopsy procedures performed in the CADe colonoscopy. 

However, when biopsy time was excluded from analysis, the clean withdrawal time was 6.51 minutes 

versus 6.55 minutes (p=0.745) in the first pass and 6.04 minutes vs. 6.14 minutes (p=0.146) in the 

second pass respectively (Table S1). 

There were no statistically significant differences between the two groups in demographic data, 

insertion time, bowel preparation level, indication for colonoscopy (Table 1) and adenoma risk factors 

(Table S2). No complications were reported.  

Miss rate of polyps, adenomas, advanced adenomas and SSA/P (Table 2) 

  Table 2 shows the miss rate of polyps, adenomas and major polyp subtypes. The AMR was 

significantly lower with CADe colonoscopy than with routine white light colonoscopy (13.89% vs. 

40.00%, P<0.0001). The PMR was also lower with CADe colonoscopy than with routine white light 

colonoscopy (12.98% vs. 45.90%, P<0.0001). There were no statistical differences in miss rate of 

advanced adenomas and SSA/Ps. 

  Table 3 shows the clinicopathologic characteristics of the missed adenomas in routine white light 

colonoscopy and CADe colonoscopy. The AMR for diminutive (<5mm) were significantly lower with 

CADe colonoscopy than with routine white light colonoscopy (13.11% vs. 39.66%, P=0.0015), as well 

as for small (5-9mm) adenomas (13.75% vs. 46.94%, P<0.0001). Regarding morphology, AMR was 

significantly lower with CADe colonoscopy than with routine white light colonoscopy in 

non-pedunculated types (14.18% vs. 42.45%, P<0.0001). AMR was found to be lower with CADe 

colonoscopy than with routine white light colonoscopy in the ascending, transverse and descending 

colon (Table 3). 

Miss rate of visible adenomas and polyps (Table 4) 

  AMR-V was 24.21% vs. 1.59% (p<0.001) in routine-CADe group and CADe-routine group, the 

PMR-V was 30.89% vs. 2.36% (p<0.001) in routine-CADe group and CADe-routine group. 

  Out of 23 missed visible adenomas and 59 polyps during first pass, there were 10 (10/23, 43.48%) 

adenomas, and 22 (22/59, 37.29%) polyps recorded in video files being detected by CADe system in 

post-hoc video analysis. 

Miss rate of invisible adenomas and polyps (Table 4) 

AMR-INV was 27.07% vs. 11.11% (p<0.001) in routine-CADe group and CADe-routine group, the 

PMR-INV was 25.00% vs. 12.68% (p=0.016) in routine-CADe group and CADe-routine group. 



 

 ADR PDR APC and PPC (Table 5)  

The overall ADR (42.39% vs. 35.68%, P=0.186), overall PDR (63.59% vs. 55.14%, P=0.099), 

overall APC (0.78 vs. 0.65,P=0.129), and overall PPC (1.55 vs. 1.32,P=0.065) were different between 

the CADe colonoscopy first group and routine colonoscopy first groups. For the first pass, there was no 

statistical difference found in ADR in the first pass (34.78% vs. 26.49%, P=0.085) in CADe 

colonoscopy and routine white light colonoscopy, though the trend was towards a higher ADR in the 

CADe first group. The PDR, APC and PPC were significantly higher in CADe colonoscopy than 

routine white light colonoscopy, i.e. PDR for first pass was 55.98% vs. 37.84%, P=0.001. APC for first 

pass was 0.67 vs. 0.39, P<0.001. PPC for first pass was 1.35 vs. 0.71, P<0.001. Similar findings were 

found when analyzing the second pass, all ADR, PDR and APC and PPC were significantly higher in 

CADe colonoscopy than routine white light colonoscopy, i.e. ADR for second pass was 18.38% vs. 

10.87%, P=0.043, PDR for second pass was 37.84% vs. 19.02%, P<0.001. APC for second pass was 

0.26 vs. 0.11, P=0.001. PPC for second pass was 0.61 vs. 0.20, P<0.001. 

Patients miss rate (Table 6) 

  Patient miss rate was lower with CADe colonoscopy than with routine white light colonoscopy, but 

without a statistically significant difference (17.95% vs. 25.76%, P=0.258).  

Consistent false detections with the CADe system (Table S3) 

There was a total of 67 consistent false detections in the CADe colonoscopy. Most consistent false 

detections were wrinkled mucosa.  

None was missed by the CADe system among all detected polyps by the endoscopists in the CADe 

colonoscopy. 

Discussion 

   In this single center, open-labeled tandem study, we found AMR and PMR to be significantly lower 

with CADe colonoscopy than routine colonoscopy. AMR obtained from tandem colonoscopy, is a more 

representative parameter to reflect the performance of an individual endoscopist with and without 

CADe than ADR. In previous tandem studies utilizing traditional colonoscopes, the reported AMR for 

a single standard colonoscopy has been estimated to be between 10% to 30%18 19 20 21. However, if a 

wide-viewing angle colonoscope is used for the second pass, AMR may be as high as 31%3 to 41%4,. 

This high miss rate is thought to translate into a higher risk of developing interval cancers for patients 

who undergo routine colonoscopy. By enlarging the visual field, using technology such as FUSE 

colonoscopy, AMR may be reduced to 7% to 20%3 4. Nevertheless, subtle polyps on the endoscopy 

screen can still be missed by the endoscopist, which is self-evident by the non-zero miss rate of the 

wide viewing angle colonoscopies and similar devices22 23 24 25 26. Furthermore, it can be challenging 

for an endoscopist to be fully vigilant to every section of the monitors in a multi-screen setting in 

colonoscopy27 28. In addition, visual gaze patterns (VGP), differ between endoscopists and it has been 

shown that endoscopists either with a wider VGP or center-looking VGP may have a higher adenoma 

or polyp detection rate than endoscopists with other VGPs29 30. Finally, “inattentional blindness”31 32 

and “change blindness”33  phenomena may add to intra-proceduralist variability, and neither 



wider-viewing colonoscopes nor second observer strategies may completely address these issues. 

Therefore, high-performance CADe may serve as a more standardized “second eye” in assisting the 

endoscopist to avoid missing any lesion.   

In this study, overall AMR was significantly lower in the CADe colonoscopy arm (13.89% vs. 

40.00%, P<0.0001). This AMR is comparable to the reduction in AMR seen when utilizing FUSE 

technology (7% to 20%)3 4. This indicates missed diagnosis by lack of recognition might be an equally 

important issue as non-visualization. Moreover, results in this study are comparable with that of 

Western and Japanese studies, which similarly show a 30% to 41%3 4 in the routine colonoscopy groups 

when compared to an AMR of 40% in our white light first group.  

AMR was found to be significantly lower for both diminutive (<5mm) and small adenomas (5-9mm) 

in the CADe colonoscopy group when compared to the routine colonoscopy group in this tandem study.  

Notably, CADe here is shown to reduce miss rate in the ascending, transverse and descending colon, 

whereas FUSE and similar approaches which aim at enlarging the visual field mainly seem to primarily 

provide benefits in the right colon where the folds are deeper1 3 4. Consistent with our previous studies, 

CADe reduces miss rate of non-pedunculated adenomas. However, there was no statistical difference in 

miss rate of large adenomas, advanced adenomas and sessile serrated adenoma/polyp (SSA/P), a fact 

likely due to limited sample size and corresponding low statistical power for these specific groups of 

polyps. Similar findings were seen in the J-FUSE study3. Moreover, no difference in miss rates of 

SSA/Ps is suggested due to low numbers and insufficient powering. It is also possible that the learning 

images used to train the CADe system were limited by the experience of average endoscopists. An 

exclusive study demonstrated the per-image-sensitivity of this CADe system on small SSA/P was 80%, 

which is lower than 94%, the per-image sensitivity of the conventional adenomas and non-neoplasitc 

polyps34. Future improvement in CADe should be directed to sensitively and specifically detect 

hard-to-detect SSA/Ps collected among more extensive sources. Further studies should also look at 

AMR for advanced adenoma and SSA/Ps, with a larger sample size aimed at detecting a statistically 

significant difference. 

In this study, some missed adenomas did not appear on the screen during the first pass, and were 

detected due to additional exposure during the second pass, a situation that cannot be counted as a 

contribution from the CADe system. Therefore, we performed a post-hoc video analysis and tried to 

measure a more ‘specific’ AMR for only visible polyps, which we defined as AMR-V. Hence, we could 

compare CADe and the naked human eye exclusively on visible lesions. AMR-V represents the 

maximal possibility that the CADe could help to decrease the miss rate, only 1.59% visible adenomas 

were missed by CADe colonoscopy whereas 24.21% of visible polyps were missed in the routine 

colonoscopy (p<0.001) group. Furthermore, among the 23 initially missed visible adenomas by 

endoscopists, 10 (10/23, 43.48%) of them were successfully detected by CADe system in post-hoc 

video analysis. These data indicate that half of the initially missed visible adenomas could be addressed 

directly by CADe’s alert. This study is the first study to analyze a specific AMR for visible lesions, 

which overcomes a common limitation of previous FUSE tandem studies3 4 which did not distinguish 

whether the additional detection of specific polyps was actually due to its wider viewing angle cameras 

or not. Noticeably, not only the miss rate of visible adenoma/polyp is higher in the Routine-CADe 

group, but also the miss rate of invisible adenoma/polyp is higher in the Routine-CADe group. To 

further break down this analysis on each operating endoscopist (Table S4), the result is very similar 



among them. This indicates that endoscopists can focus more on exposing colon mucosa, because of 

the enhanced CADe signal on the exposed polyps. Thus, it indicates that CADe not only increases 

polyps detection in the visual field, but also increased the exposure of more polyps. 

   PDR, APC and PPC were found to be significantly higher in the CADe colonoscopy group when 

compared to routine white light colonoscopy in both first and second passes. These findings are 

consistent with previous comparative studies which demonstrated the positive impact of CADe. The 67 

total consistent false detections in the CADe colonoscopy was consistent with our previous studies, in 

which wrinkled mucosa consisted the largest portion of false positive lesions. Moreover, the similar 

withdrawal time (excluding the biopsy time) further demonstrated that the false alarm rate is low 

enough that withdrawal times are not affected during CADe withdrawal. (Table S1) 

It should be noted that to alert visible lesions is only one of application scenario of computer 

vision technology. Only with high-level manipulation of endoscopists can this technology play its best 

role. Therefore, another important application of AI during colonoscopy is to alert suboptimal 

inspection, including endoscopists’ ignorance to inspect the back of folds and flexures, ignorance to 

fully inflate the lumen, ignorance to clean the lens and absorb the liquid, unstable manipulation as well 

as too fast withdraw. Thus, the CADe system with a combination of suboptimal inspection alert system 

as well as new optical models or accessories (such as FUSE and Endocuff) which enlarge visual filed, 

can further increase the detection of colon cancer and any precancerous lesions. 

This study has several limitations. First, AMR obtained in the tandem study cannot reflect the 

absolute miss rate, because some lesions might have been missed again in the second pass. For those 

possible missed polyps/adenomas detected by post-hoc video analysis with CADe in the first pass, but 

not detected in the second pass during the study, there’s no reliable way to further characterize these 

lesions without a third colonoscopy. However, the 34.78% and 26.49% ADR in CADe colonoscopy and 

routine colonoscopy are the highest in Chinese data35 36 37 38 in a population younger than a 

guideline-recommended screening population, thus we believe the result is meaningful and 

representative.  

Second, this open label trial might introduce subjective bias, as endoscopists might put more effort in 

when being observed or might relax and rely on the CADe in non-blinded trials leading to an 

overestimation or underestimation of the effectiveness of CADe system. However, the 34.78% and 

26.49% ADR for either CADe colonoscopy or routine colonoscopy was consistent with our 

double-blinded study5, in which the same endoscopy models were used, and the withdrawal time was 

also similar in two groups, which could be an indirect marker of attentiveness. In addition, the overall 

ADR, PDR, APC and PPC in both passes were not different between CADe colonoscopy first group 

and routine colonoscopy first group, which indicates that the possibility of missing adenomas or polyps 

is not biased after 2 passes and independent of the order. These findings suggest that there is likely 

minimal subjective bias seen in the endoscopists used in this study.  

Third, as tandem colonoscopy in each patient was performed by the same endoscopist, there might 

be “one and done phenomenon”39 40 41, whereby endoscopists may be less careful when examining the 

rest of the colon after identifying a single adenoma and might be less attentive in the second pass 

procedure. However, a single-endoscopist endoscopist design may introduce minimal inter-observer 

variation, which is a goal for this study. 



 Fourth, we did not restrict the study population to screening-only participants according to 

guidelines, thus the results might not generalizable to a typical screening population in which the 

absolute number of adenomas is higher.  

Fifth, only skilled endoscopists were allowed to participate in this study as colonoscopy performers, 

thus the results might not be generalizable to junior endoscopists or trainees. How this CADe system 

will affect AMR as a clinical routine in practice is less clearly demonstrated in this study, because only 

3 endoscopists participated. Reproducing the findings among more endoscopists of varying experience 

would appear warranted. 

Sixth, the judgments made by 3-expert panel who reviewed the video record were not a gold 

standard as pathology and thus might introduce subjective bias.  

Finally, the new generation models with image enhanced technologies such as Linked Color Imaging 

(LCI) by Fujifilm could offer better visualization42 and have the potential to supersede white light 

colonoscopy, thus the effectiveness of CADe using the latest models of endoscope should be further 

investigated. 

In conclusion, the results from this study suggest a significantly lower AMR when utilizing a CADe 

technology when compared to routine white light colonoscopy. The detection of diminutive and small 

adenomas with non-advanced histology and non-pedunculated shape could be effectively improved by 

CADe colonoscopy. The CADe colonoscopy has the potential to be improve the clinical efficacy of 

screening and surveillance colonoscopy, with the goal of further decrease the risk of interval colorectal 

cancer development. 
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Table 1. Baseline information 

Characteristics Routine-CADe group 

(N = 185) 

CADe-Routine group 

(N = 184) 

P* value 

Age, mean (SD) 47.19 (10.38) 47.72 (10.82) 0.628 

BMI, mean (SD) 23.21 (3.15) 23.19 (3.02) 0.939 

Indication 0.42 

Screening, n (%) 55 (29.73) 58 (31.52) 

Symptomatic, n (%) 117 (63.24) 107 (58.15) 

Surveillance, n (%) 13 (7.03) 19 (10.33) 

Sex 0.467 

Female, n (%) 99 (53.51) 91 (49.46) 

Male, n (%) 86 (46.49) 93 (50.54) 

BMI category  0.593 

< 25, n (%) 132 (71.35) 135 (73.37) 

25 <= BMI < 30, n (%) 51 (27.57) 45 (24.46) 

>= 30, n (%) 2 (1.08) 4 (2.17) 

Procedure time 0.831 

AM, n (%) 96 (51.89) 98 (53.26) 

PM, n (%) 89 (48.11) 86 (46.74) 

Endoscope 0.5 

EC-590ZW/M 2 (1.08) 0 (0.00) 

EC-L590WM 17 (9.19) 19 (10.33) 

EC-580RD/M 1 (0.54) 0 (0.00) 

EC-590WM 2 (1.08) 1 (0.54) 

EC-L590ZM 163 (88.11) 164 (89.13) 

Anesthesia # Na 

No, n (%) 0 (0.00) 0 (0.00) 

Yes, n (%) 185 (100.00) 184 (100.00) 

Boston Score, mean (SD) 7.19 (1.42) 7.11 (1.40) 0.563 

Boston Score Rank 0.846 

 Inadequate (Sum < 6.0 or anyone < 2.0), n (%) 24 (12.97) 25 (13.59) 

Adequate (Sum >= 6.0 and everyone >= 2.0), n (%) 161 (87.03) 159 (86.41) 

BMI, body mass index; NSAID, nonsteroidal anti-inflammatory drug.  

No Polyp Withdrawal time, Withdrawal time during those colonoscopies where no polyp was 

detected or removed. 

* P value from χ2 test (or Fisher’s exact test, as appropriate) or t-test. 
# Anesthesia was administered with midazolam, fentanyl by an anesthesiologist there to monitor 

for complications.  

 

 

Table 2. Analysis of per-lesion miss rate  



 Routine-CADe group 

(n = 185) 

CADe-Routine group 

(n = 184) 

P* value 

Adenoma 

Detected at first pass 72 124  

Detected at second pass 48 20  

Miss rate, % 40.00(31.23-48.77) 13.89(8.24-19.54) <0.0001 

Polyp 

Detected at first pass 132 248  

Detected at second pass 112 37  

Miss rate, % 45.90(39.65-52.15) 12.98(9.08-16.88) <0.0001 

Advanced adenoma 

Detected at first pass 9 1  

Detected at second pass 3 1  

Miss rate, % 25.00(0.50-49.50) 50.00(-19.30-119.30) 1 

SSA/P 

Detected at first pass 1 0  

Detected at second pass 2 1  

Miss rate, % 66.67(13.33-120.01) 100.00(100.00-100.00) 0.9978 

* P value from χ2 test (or Fisher’s exact test, as appropriate) or t-test. 

 

Table 3. Clinicopathologic characteristics of adenomas missed with Routine and CADe 

colonoscopy 

 Routine-CADe group 

(n = 185) 

CADe-Routine group 

(n = 184) 

P* value 

Size, mm 

<5 39.66(27.07-52.25) 13.11(4.64-21.58) 0.0015 

5-9 46.94(32.97-60.91) 13.75(6.20-21.30) <0.0001 

>=10 15.38(-4.23-34.99) 33.33(-20.01-86.67) 0.4842 

Morphologic type 

Pedunculated 23.08(0.18-45.98) 10.00(-8.59-28.59) 0.4241 

Not Pedunculated 42.45(33.04-51.86) 14.18(8.27-20.09) <0.0001 

LST 0.00(0.00-0.00) Na  

Location 

Cecum 50.00(-19.30-119.30) 0.00(0.00-0.00) 0.5473 

Ascending colon 39.13(19.18-59.08) 6.67(-2.26-15.60) 0.0095 

Transverse colon 45.16(27.64-62.68) 16.33(5.98-26.68) 0.0065 

Descending colon 40.91(20.36-61.46) 12.50(-0.73-25.73) 0.0364 

Sigmoid colon 40.62(23.60-57.64) 18.18(5.02-31.34) 0.0514 

Rectum 20.00(-4.79-44.79) 20.00(-15.06-55.06) 1 

* P value from χ2 test (or Fisher’s exact test, as appropriate) or t-test. 

 

 

Table 4. Miss rate of visible and invisible adenomas and polyps 



 Routine-CADe group 

(n = 185) 

CADe-Routine group 

(n = 184) 

P *value 

AMR V 0.2421 0.0159 <0.001 

PMR- V 0.3089 0.0236 <0.001 

AMR-INV 0.2500 0.1268 0.016 

PMR-INV 0.2707 0.1111 <0.001 

* P value from χ2 test (or Fisher’s exact test, as appropriate) or t-test. 

 

Table 5. ADR, PDR, APC and PP 

 Routine-CADe group 

(N = 185) 

CADe-Routine group 

(N = 184) 

P value Odds ratio Confidence interval Interval 

Whole Process 

PDR 0.5514 0.6359 0.099 1.421 0.936-2.157 1.221 

ADR 0.3568 0.4239 0.186 1.327 0.872-2.018 1.146 

Average Number of Detected 

Polyp 

1.3189 1.5489 0.065 1.174 0.990-1.393 0.403 

Average Number of Detected 

Adenoma 

0.6486 0.7826 0.129 1.207 0.947-1.537 0.59 

First Pass 

PDR 0.3784 0.5598 0.001 2.089 1.378-3.167 1.789 



 

* P value from χ2 test (or Fisher’s exact test, as appropriate) or t-test 

 

 

Table 6. Analysis by patient findings  

 Routine-CADe group 

(n = 185) 

CADe-Routine group 

(n = 184) 

P* value 

Patients with adenoma 

Detected at first pass 49 64  

Detected at second pass 34 20  

Detected at second pass for the first 

time 

17 14  

Detection rate at first pass, % 26.49(20.13-32.85) 34.78(27.90-41.66) 0.0846 

Miss rate, % 25.76(19.46-32.06) 17.95(12.40-23.50) 0.258 

* P value from χ2 test (or Fisher’s exact test, as appropriate) or t-test. 

ADR 0.2649 0.3478 0.085 1.48 0.948-2.312 1.364 

Average Number of Detected 

Polyp 

0.7135 1.3478 <0.001 1.889 1.529-2.333 0.804 

Average Number of Detected 

Adenoma 

0.3892 0.6739 <0.001 1.732 1.295-2.315 1.02 

Second Pass 

PDR 0.3784 0.1902 <0.001 0.386 0.240-0.619 0.379 

ADR 0.1838 0.1087 0.043 0.542 0.299-0.982 0.683 

Average Number of Detected 

Polyp 

0.6054 0.2011 <0.001 0.332 0.229-0.482 0.253 

Average Number of Detected 

Adenoma 

0.2595 0.1087 0.001 0.419 0.249-0.706 0.457 







What you need to know: 
Background and Context: Up to 30% of adenomas might be missed during screening colonoscopy. Computer-
aided detection (CADe) systems, based on deep learning, might reduce rates of missed adenomas by displaying 
visual alerts that identify precancerous polyps on the endoscopy monitor in real time. 
 
New Findings: CADe colonoscopy reduced the overall miss rate of adenomas by endoscopists performing white-
light endoscopy.  
 
Limitations: Larger studies are needed to provide external validation of these findings. 
 
Impact: Routine use of CADe might reduce the incidence of interval colon cancers. 
 
Lay Summary: This study describes use of a computer-aided detection system to aide endoscopists in detection of 
polyps during colonoscopies. 

 


