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Background: It is unknown if mucosal exposure device improves the adenoma detection rate (ADR) of 

computer-aided detection (CAD)-assisted colonoscopy. 

Aims: We performed a meta-analysis of randomized-controlled trials (RCTs) to compare the diagnostic 

outcomes of these two approaches. 

Methods: We identified 4 RCTs (2968 patients). ADR was the primary outcome. Advanced ADR (aADR), 

sessile serrated ADR (SSDR) and adenoma per colonoscopy (APC) were also compared. The results were 

expressed in terms of mean difference (MD) or risk ratio (RR) and 95% confidence intervals (CIs), and we 

used trial sequential analysis (TSA) to assess if the required information size (RIS) was reached. 

Results: There was no difference in terms of ADR both in the overall series (RR 1.05, 0.98-1.12; p = 0.16) 

and in screening colonoscopy (RR 1.15, 0.72-1.82; p = 0.56). Although the RIS (3829 participants) was not 

reached, the futility boundaries were crossed suggesting a high likelihood of futility in further comparison 

of ADR. No difference was observed in terms of aADR (RR 1.13, 0.90-1.44; p = 0.30) and SSDR (RR 1.11, 

0.92-1.35; p = 0.27). APC was significantly higher in the combined group (MD 0.14, 0.05 to 0.22; p = 0.002). 

Conclusions: The addition of mucosal exposure devices does not increase ADR, aADR, and SSDR but in- 

creases APC. 

© 2025 The Author(s). Published by Elsevier Ltd on behalf of Editrice Gastroenterologica Italiana S.r.l. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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. Introduction 

The diagnostic yield of colonoscopy is dependent on accurate 

etection and complete removal of precancerous lesions and ade- 

oma detection rate (ADR), defined as the percentage of colono- 
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copies with at least 1 adenoma identified, has been recognized as 

 key performance measure for quality colonoscopy [ 1 , 2 ]. 

The implementation of computer-aided detection (CAD) of col- 

rectal polyps based on the artificial intelligence (AI), deep learn- 

ng, and machine learning methods has dramatically changed the 

cenario of digestive endoscopy. CAD-assisted colonoscopy already 

roved its efficacy in adenoma detection in several randomized- 

ontrolled trials (RCTs) and meta-analyses [ 3–5 ]. However, the 

eal benefit of CAD-assisted colonoscopy particularly in the 
terologica Italiana S.r.l. This is an open access article under the CC BY license 
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etting of the screening for colorectal cancer (CRC) is still uncer- 

ain, as pointed out by the discordant conclusions of recent guide- 

ines [ 6 , 7 ], and several pitfalls of this approach still need to be im-

roved, for example the detection of lesions out of the visual field. 

Since failure to adequately expose the complete surface of the 

olorectal mucosa due to its folds and angulations may increase 

he rates of lesions missed during colonoscopy, several mucosal ex- 

osure devices have been tested in the clinical practice. These de- 

ices, including balloon, transparent cap, or cuff, have been found 

o increase ADR by flattening mucosal folds, straightening angula- 

ions, and facilitating inspection of areas behind folds [ 8 ]; partic- 

larly, the second generation of cuff (EndoCuff Vision®, Olympus, 

okyo, Japan) seems to consistently improve colon ADR, with a re- 

uction in mean withdrawal time [ 9 ]. 

Therefore, increasing the mucosa exposure could represent a 

omplementary strategy to CAD-assisted colonoscopy in order to 

urther improve ADR. 

This combined approach seemed to be effective in preliminary 

CTs [ 10–12 ] but a recent study questioned its real benefit [ 13 ].

iven the discordant results in the literature, we decided to per- 

orm a systematic review and meta-analysis of available RCTs com- 

aring combined CAD-assisted colonoscopy and mucosal exposure 

evice versus CAD-assisted colonoscopy alone to improve ADR. 

Furthermore, given the low number of RCTs comparing the two 

echniques, a trial sequential analysis (TSA) was performed to as- 

ess the credibility of our findings. Exactly like the calculation of 

he sample size in individual RCTs, TSA derives a power calcula- 

ion for a meta-analysis. This methodology allows the application 

f monitoring (benefit, harm, and futility) and conventional bound- 

ries and finally allows the calculation of the required number of 

articipants based on the predefined intervention effect, adjusting 

t for the heterogeneity observed in the included studies [ 14 ]. 

We also used Grading of Recommendations Assessment, Devel- 

pment and Evaluation (GRADE) criteria [ 15 ] to appraise the qual- 

ty of evidence. 

. Methods 

This systematic review is reported according to the Pre- 

erred Reporting Items for Systematic Reviews and Meta-Analyses 

PRISMA) statement [ 16 ]. 

.1. Selection criteria 

Studies included in this meta-analysis were RCTs published in 

nglish language meeting the following inclusion criteria: (a) Pa- 

ients: adults (age > 18 years) undergoing colonoscopy; (b) Inter- 

ention: combined CAD-assisted colonoscopy and mucosal expo- 

ure devices; (c) Comparator: CAD-assisted colonoscopy alone; and 

d) Outcomes: ADR, advanced ADR (aADR), sessile serrated ADR 

SSDR), number of adenomas per colonoscopy (APC), cecal intuba- 

ion time. Non-comparative observational and retrospective stud- 

es, and RCTs comparing different AI methods or different mucosal 

xposure devices were excluded. 

.2. Search strategy 

The search strategy was based on various databases with vari- 

nt controlled vocabularies, expanded terminology, varying algo- 

ithms, and keyword capabilities, for RCTs published from in- 

eption through July 2025. Complementary manual search was 

erformed on additional databases (Google Scholar, Cochrane li- 

rary) to identify potential additional studies. The detailed litera- 

ure search strategy is reported in the Supplementary Table 1. 

Data were abstracted onto a standardized form by two authors 

ndependently (AF, MB). The risk of bias of individual studies was 
207
ssessed using the Cochrane Risk of Bias assessment tool 2.0 [ 17 ] 

y two authors (AF, MB), In the case of disagreements, the decision 

as based on a third author’s (ADA) opinion. 

.3. Outcomes 

Primary outcome was ADR, defined as the proportion of pa- 

ients undergoing colonoscopies where at least one adenoma is 

etected. Secondary outcomes were aADR (proportion of patients 

here at least one advanced adenoma is detected), SSDR (pro- 

ortion of patients where at least one sessile serrated adenoma 

s detected), APC (defined as mean number of adenomas per 

olonoscopy), and cecal intubation time. 

.4. Statistical analysis 

Study outcomes were pooled and compared between the two 

roups through a random-effects model based on DerSimonian and 

aird test [ 18 ], and results were expressed in terms of risk ratio 

RR) or mean difference (MD) and 95 % confidence interval (CI), 

hen appropriate. 

Presence of heterogeneity was calculated through I ² tests with 

 ²< 30 % interpreted as low-level heterogeneity and I2 between 30 % 

nd 60 % as moderate heterogeneity [ 19 ]. Any potential publication 

ias was verified through visual assessment of funnel plots. 

Similar to RCTs, the TSA of the meta-analyses is based on an 

nticipated a priori intervention effect, on the basis of which the 

ample size is estimated to be subsequently detected with ade- 

uate power. This sample size in the TSA is the required informa- 

ion size (RIS), which is the number of events (or patients) from 

he included studies necessary to accept or reject the a priori sta- 

istical hypothesis, adjusted for the heterogeneity among the in- 

luded RCTs [ 14,20 ]. 

When calculating the RIS, the Type I error was set at 5 % and 

he power at 80 % whereas the anticipated incidence rates were 

ased on the cumulative meta-analysis of RCTs. 

In TSA, the Z-value is updated with each additional published 

tudy added to the meta-analysis, providing the cumulative Z- 

urve. This Z-curve is then checked for crossover in 3 boundaries: 

he naïve (horizontal) boundaries, which correspond to a nomi- 

al P = 0.05 (|Z| 1.96); the monitoring boundaries, which are se- 

uential monitoring boundaries calculated on the a priori interven- 

ion effect and are distinguished in benefit/harm boundaries; and 

he futility boundaries, which are the adjusted threshold for non- 

uperiority and non-inferiority tests obtained by applying the α- 

pending function based on the O’Brien–Fleming method [ 14 , 20 ]. 

hen the Z-curve crosses the naive boundaries but does not cross 

he monitoring boundaries, there is a statistical difference in the 

onventional meta-analysis but not in TSA, thus not avoiding the 

isk of a false-positive result. If the Z-curve lies within futility 

oundaries and the appropriate RIS is reached, it can be easily con- 

luded that the intervention does not have an effect. When the re- 

ult of the meta-analysis is negative and the appropriate RIS is not 

eached, then there is lack of power. If the Z-curve crosses moni- 

oring boundaries, it means that the treatment has evident benefit 

or harm) in respect to the control group. 

All statistical analyses were conducted using RevMan version 5 

rom the Cochrane collaboration; TSA was conducted with the Trial 

equential Analysis software provided by the Copenhagen Trial 

nit. For all calculations a two-tailed p value of < 0.05 was con- 

idered statistically significant. 

.5. Quality of evidence assessment 

Quality of evidence was assessed through the GRADE criteria 

 Supplementary Table 2) [ 15 ]. Briefly, evidence from RCTs started 
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Fig. 1. Flow chart of the included trials. 
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t high quality, and was rated down for presence of any of the 

ollowing factors – risk of bias in the literature, inconsistency, in- 

irectness, imprecision and publication bias. 

For imprecision, evidence was rated down even if the 95 % 

I crossed unity or if the optimal information size (measure of 

ragility) was not reached [ 15 ]. 

. Results 

.1. Characteristics of included studies 

Out of 123 articles initially identified using the search strategy, 

e finally included 4 RCTs in the meta-analysis [ 10–13 ]. Fig. 1 de-

ails the study selection flowchart. 

Table 1 summarizes the baseline characteristics of the RCTs in- 

luded. Overall, the included 4 trials enrolled 296 8 patients (14 88 

n the combined arm and 1480 in the CAD alone group). 

Two RCTs [ 10,13 ], used the CAD EYE® AI system (Fujifilm, 

okyo, Japan), one RCT [ 11 ] used the OIP-1® (Olympus, Tokyo, 

apan), and one RCT [ 12 ] used the GI-Genius® system (Medtronic, 

ublin, Ireland). Among the mucosal exposure devices, 3 RCTs [ 10–

2 ] used the EndoCuff Vision® and one RCT [ 13 ] used the G-EYE 

olonoscopy® (Fujifilm, Tokyo, Japan). 

Two RCTs [ 12,13 ], were conducted in Italy and two RCTs [ 10,11 ],

n Asia and the recruitment period ranged from 2020 to 2024. 
208
Two RCTs [ 10,13 ], included only screening colonoscopy whereas 

he other two RCTs [ 11,12 ], included also diagnostic or surveillance 

rocedures. Two RCTs [ 10,11 ], included also a third arm based on 

igh-definition (HD) colonoscopy, with a reported ADR of 41.9 % 

 10 ] and 46.3 % [ 11 ], respectively. 

The other baseline patient characteristics were homogeneously 

istributed between the two groups and across different trials 

 Table 1 ). 

As described in the Supplementary Table 3 , all studies were 

ated at low risk of bias. 

.2. ADR 

As reported in Fig. 2 , there was no difference in terms of ADR 

etween the two groups (RR 1.05, 0.98–1.12; p = 0.16) with low ev- 

dence of heterogeneity (I2 = 22 %). This finding was confirmed also 

n the sensitivity analysis restricted to screening colonoscopy (RR 

.15, 0.72–1.82; p = 0.56) ( Supplementary Figure 1 ). Likewise, no 

ifference was observed in the sensitivity analysis based on stud- 

es using the EndoCuff Vision device (RR 1.12, 0.78–1.76; p = 0.34, 

ata not shown). 

There was no evidence of publication bias based on visual in- 

pection of the funnel plot ( Supplementary Figure 2 ). 
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Table 1 

Characteristics of included randomized controlled trials. 

Author, year Study period; 

Country 

CAD/Device used N patients Age Sex male ADR HD 

colonoscopy 

Indications to 

colonoscopy 

Aniwan 2023 [ 10 ] 2020–2022; Thailand CAD EYE/Endocuff

Vision 

308 Combined 

312 CAD 

61.7 ± 7 

62.8 ± 6.82 

132 (42.8 %) 

133 (42.6 %) 

41.9 % Screening 100 % 

Lui 2024 [ 11 ] 2022–2023; China OIP-1/Endocuff

Vision 

230 Combined 

238 CAD 

64 ±10 

66.3 ± 10.2 

118 (51.3 %) 

131 (55 %) 

46.3 % Screening 18 % 

Surveillance 29.6 % 

Diagnostic 52.6 % 

Spadaccini 2023 

[ 12 ] 

2021–2022; 

Italy-Switzerland 

GI Genius/Endocuff

Vision 

618 Combined 

618 CAD 

61.5 ± 9.9 

61.3 ± 10.3 

298 (48.2 %) 

291 (47.1 %) 

NA Screening 43.8 % 

Surveillance 22.2 % 

Diagnostic: 34 % 

Rocchetto 2025 

[ 13 ] 

2023–2024; Italy CAD EYE/G-EYE 332 Combined 

312 CAD 

62 ±12 

63 ± 13 

166 (50 %) 

153 (49 %) 

NA Screening 100 % 

Abbreviations: ADR, Adenoma Detection Rate; CAD, Computer Aided Detection; HD, High Definition. 

Table 2 

Meta-analysis of secondary outcomes. 

Outcome Number of studies RR or MD (95 % CI) I2 P value 

Overall aADR 4 1.13 (0.90–1.44) 35 % 0.30 

Screening aADR 3 1.15 (0.72–1.82) 52 % 0.56 

SSDR 4 1.11 (0.92–1.35) 3 % 0.27 

Screening SSDR 3 1.13 (0.48–2.68) 60 % 0.77 

APC 4 0.14 (0.05–0.22) 85 % 0.002 

Cecal Intubation Time 4 −0.63 (−1.43 to 0.17) 86 % 0.12 

Abbreviations: aADR, advanced adenoma detection rate; APC, adenoma per colonoscopy; CI, Con- 

fidence Interval; MD, Mean Difference; RR, Risk Ratio, SSDR, sessile serrated adenoma detection 

rate. 

Fig. 2. Forest plot for ADR. 

There was no difference in terms of adenoma detection rate (ADR) between the two groups (RR 1.05, 0.98–1.12; p = 0.16) with low evidence of heterogeneity (I2 = 22 %). 
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.3. Secondary outcomes 

As reported in Table 2 , no difference was observed in terms 

f aADR (RR 1.13, 0.90–1.44; I2 = 35 %; Supplementary Figure 3 ). 

imilar results were observed in the subset of patients undergoing 

creening colonoscopy (RR 1.15, 0.72–1.82; I2 = 52 %, Table 2 ). 

SSDR was similar in the two groups both overall (RR 1.11, 0.92–

.35; I2 = 3 %, Supplementary Figure 4 ) and in the screening sub- 

roup (RR 1.13, 0.4 8–2.6 8; I2 = 60 %; Table 2 ). 

As depicted in Fig. 3 , APC was significantly higher in the com- 

ined group (MD 0.14, 0.05 to 0.22; p = 0.002), with high evidence 

f heterogeneity (I2 = 85 %, Fig. 3 and Table 2 ). Leave-one-out sen- 

itivity analysis was not able to find a source of this high hetero- 

eneity (Supplementary Figure 5). 

There was no difference in terms of cecal intubation time 

etween the two groups (MD −0.63, −1.43 to 0.17; p = 0.12, 

able 2 and Supplementary Figure 6 ). 
t

Fig. 3. Forest plo

Mean number of adenomas per colonoscopy (APC) was significantly higher in the combin

209
The aforementioned analyses did not show any risk of publica- 

ion bias (data not shown). 

.4. Trial sequential analysis 

As depicted in Fig. 4 , the RIS calculated by TSA for ADR was

f 3829 participants, thus above the accrued information size of 

968 patients enrolled in the included RCTs. However, while the Z- 

urve did not cross the conventional test boundary remaining be- 

ow the benefit monitoring boundary, it crossed the futility bound- 

ry. Therefore, although the RIS was not reached, it is unlikely that 

urther data would change our findings and a Type II error (false 

egative) can be reasonably excluded. 

TSA reported in Supplementary Figure 7 showed that the RIS 

25,125 patients) was not reached in the analysis of aADR (actual 

ample size 2968 patients). The cumulative Z-curve did not cross 

he futility boundaries nor the conventional test and the benefit 
ts for APC. 

ed group (MD 0.14, 0.05 to 0.22; p = 0.002), with high evidence of heterogeneity 



M. Brigida, M. Spadaccini, M. Maida et al. Digestive and Liver Disease 58 (2026) 206–211

Fig. 4. Trial sequential analysis concerning ADR. 

The required information size (RIS) calculated by trial sequential analysis (TSA) for ADR was of 3829 participants, thus above the accrued information size of 2968 patients. 

However, while the Z-curve did not cross the conventional test boundary remaining below the benefit monitoring boundary, it crossed the futility boundary. Therefore, 

although the RIS was not reached, it is unlikely that further data would change our findings and a type II error (false negative) can be reasonably excluded. 
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onitoring boundaries, thus not supporting the superiority of the 

ntervention over the comparator, with a clear evidence of lack of 

ower. 

TSA reported in Supplementary Figure 8 showed that the RIS 

4798 patients) was not reached in the analysis of APC. The cumu- 

ative Z-curve crossed both the conventional test and the benefit 

onitoring boundaries whereas it did not cross the futility bound- 

ries. Therefore, while the current results suggest the superiority of 

he combined approach in detecting more polyps per colonoscopy, 

e cannot exclude this finding could be biased by the lack of 

ower and more data are needed to draw definitive conclusions 

n this aspect. 

.5. Quality of evidence 

The quality of evidence was mainly judged as moderate due to 

he imprecision (broad 95 % CIs crossing the unity and low number 

f events not reaching the RIS). 

. Discussion 

Distal attachment devices, which improve mucosal exposure 

nd help the visualization of polyps hidden behind haustral and 

AD systems have been both shown to improve the ADR [ 3,4 , 8 ].

ecent evidence suggests that the combination of these technolo- 

ies may have a synergistic effect [ 10–12 ], although these findings 

ere recently questioned in an Italian RCT conducted in a fecal im- 

unochemical test (FIT)-based screening program [ 13 ]. 

Through a meta-analysis of 4 RCTs, the first ever published in 

he field, and using GRADE criteria to appraise the quality of evi- 

ence, we made several key observations. First, there was no dif- 

erence in terms of ADR between the two groups (RR 1.05, 0.98–

.12), a finding confirmed also in the sensitivity analysis restricted 
210
o screening colonoscopy (RR 1.15, 0.72–1.82; p = 0.56). The above 

eported RR of 1.05 suggests a very marginal effect of the combina- 

ion of the two approaches, given the 5 % increment of ADR and a 

number needed to scope” of 33 colonoscopies needed to increase 

he ADR of 1 point. On the other hand, the mean APC was signif- 

cantly higher in the combined group thus suggesting that there 

s a synergistic effect of CAD + mucosal exposure devices in detect- 

ng more adenomas, particularly small adenomas, but without in- 

reasing consistently the ADR. These findings support the evidence 

f a potential ceiling effect when the ADR in the control group is 

ery high, as in the aforementioned Italian series [ 13 ], in which 

denoma detection might be already be maximized by CAD alone. 

oreover, while ADR represents a quality index whose inverse cor- 

elation with interval CRC rates is well described, less evidence is 

vailable with APC, which in turn could be also correlated with 

he detection and removal of irrelevant lesions. Although the two 

uality indexes are commonly correlated, a study evaluating 80,915 

creening colonoscopies showed that almost 48 % of endoscopists 

ith the lowest APC had higher ADR, whereas, no endoscopist with 

igh APC had a lower ADR [ 21 ]. Therefore, the apparently discor- 

ant findings in our study are not surprising. Of note, there was 

igh heterogeneity concerning the analysis of APC. However, this 

igh heterogeneity, not explained by the leave-one-out sensitivity 

nalysis, should be interpreted with caution as it is well-known 

hat I2 % statistics is higher when considering continuous variables 

s compared to categorical outcomes due to the intrinsic broad nu- 

eric nature of these variables [ 22 ]. 

Second, as mentioned above, no difference was observed in 

erms of aADR and SSDR both overall and in the screening setting. 

his result is not unexpected as the included studies already ob- 

erved that the main reason for the higher detection rate of polyps 

n the combined intervention arm was the gradient in diminutive 

nd proximal lesions, and no difference was found for larger or 
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[

[

[

[

[

ore advanced lesions [ 12 ]. It is well known that both mucosal 

xposure devices and CAD are more effective in the detection of 

maller lesions whereas they do not show any additional benefit 

or larger or advanced adenomas [ 23 , 24 ]. Third, there was no dif-

erence in terms of cecal intubation time between the two groups 

 p = 0.12), suggesting a neutral effect of the use of these distal at-

achment devices on the prolongation of the examination, at least 

s compared to CAD-assisted colonoscopies. Finally, although the 

SA showed that < 80 % of the RIS was actually accrued in the RCTs

onducted so far, the Z-curve crossed the futility boundary. There- 

ore, while the RIS was not reached, our results suggest a high like- 

ihood of futility in the comparison for the primary outcome since 

t is unlikely that further data would change our findings and a 

ype II error (false negative) can be reasonably excluded. On the 

ther hand, we cannot draw definitive assumptions on the com- 

arison between the two approaches in terms of aADR and APC as 

urther RCTs are still needed and the current findings could be due 

o a type II error (false negative) because of the lack of power in

he meta-analysis. 

As a consequence, only a moderate quality of evidence is cur- 

ently available due to the imprecision of the estimates. 

There are certain limitations to our study which merit further 

iscussion. First, the number of included studies and recruited pa- 

ients was low and as aforementioned the RIS was not reached. 

econd, the included RCTs were unblinded, hence prone to per- 

ormance bias. However, no deviations from the intended protocol 

ere observed, hence the RCTs were considered to be at low risk 

f bias. Third, not all the available distal attachment devices nor all 

he CAD systems were tested in the included RCTs, although the 

urrent evidence does not suggest a significant difference among 

he different devices or AI tools [ 6 , 8 ]. A sensitivity analysis based

n specific distal attachment devices or CAD systems could not be 

erformed due to the limited number of studies. Therefore, further 

CTs are needed to compare these aspects. 

In conclusion, the addition of mucosal exposure devices to CAD- 

ssisted colonoscopy does not significantly improve the perfor- 

ance measures, excepted for a higher APC which does not lead to 

ncreased rates of adenoma detection. Further RCTs are warranted 

n order to inform the comparison between these two approaches 

n terms of aADR and APC. 
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