
Introduction
Colorectal cancer (CRC) is the third most common cancer and
the second leading cause of cancer-related death worldwide

[1–2]. In the early 1970 s, Basil Morson was the first to specu-
late that polyps could be the precursors of CRC [3]. Later, the
National Polyp Study demonstrated how CRC could be preven-
ted by removing adenomatous polyps during colonoscopy [4].
Because CRC becomes symptomatic only in advanced stages,
screening programs are being implemented to increase early
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ABSTRACT

Background and study aims Adenoma detection rate

(ADR) is a well-accepted quality indicator of screening colo-

noscopy. In recent years, the added value of artificial intelli-

gence (AI) has been demonstrated in terms of ADR and ade-

noma miss rate (AMR). To date, there are no studies evalu-

ating the impact of AI on the performance of trainee endos-

copists (TEs). This study aimed to assess whether AI might

eliminate any difference in ADR or AMR between TEs and

experienced endoscopists (EEs).

Patients and methods We performed a prospective ob-

servational study in 45 subjects referred for screening colo-

noscopy. A same-day tandem examination was carried out

for each patient by a TE with the AI assistance and subse-

quently by an EE unaware of the lesions detected by the

TE. Besides ADR and AMR, we also calculated for each sub-

group of endoscopists the adenoma per colonoscopy (APC),

polyp detection rate (PDR), polyp per colonoscopy (PPC)

and polyp miss rate (PMR). Subgroup analyses according

to size, morphology, and site were also performed.

Results ADR, APC, PDR, and PPC of AI-supported TEs were

38%, 0.93, 62%, 1.93, respectively. The corresponding

parameters for EEs were 40%, 1.07, 58%, 2.22. No signifi-

cant difference was found for each analysis between the

two groups (P >0.05). AMR and PMR for AI-assisted TEs

were 12.5% and 13%, respectively. Sub-analyses did not

show any significant difference (P>0.05) between the two

categories of operators.

Conclusions In this single-center prospective study, the

possible impact of AI on endoscopist quality training was

demonstrated. In the future, this could result in better effi-

cacy of screening colonoscopy by reducing the incidence of

interval or missed cancers.
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diagnosis and reduce morbidity and mortality [2]. Colonoscopy
is the primary screening and surveillance diagnostic tool and its
clinical impact in preventing advanced neoplasia depends on
the endoscopist’s ability to identify not only easily recognizable
polypoid lesions but also non-polypoid flat or depressed super-
ficial neoplastic lesions (SNL) [5]. In fact, evidence has shown
that CRC also can develop from non-polypoid or serrated-type
lesions, which are predominant in the right colon [6, 7]. Inade-
quate interpretation of these lesions would explain, at least in
part, one of the causes of failure to prevent right or interval co-
lon cancer [8].

During colonic examination, the first step is identifying all
mucosal irregularities with white light endoscopy (WLE) [9].
The operator's determination to search for the slightest varia-
tion in appearance of the mucosa, use of high-definition (HD)
endoscopes, adequate instrumental retraction time (at least
6–8 minutes), a good exploration technique, and complete
intestinal cleansing are fundamental to detect a colonic lesion
[6, 9]. All these elements, required for a “quality colonoscopy,”
are in any case insufficient if not supported by the knowledge of
the existence of various types of lesions. It is, in fact, essential
to know what and where to look [10].

Use of traditional chromoendoscopy has proven to improve
detection of lesions, especially those that are not polypoid. On
the other hand, comparison between HD-WLE and virtual chro-
moendoscopy did not show significant differences either in the
polyp detection rate (PDR) or in the adenoma detection rate
(ADR), even if a recent meta-analysis showed a slight but mar-
ginal superiority of the latter [10–12]. In the last few years, new
approaches have been proposed to improve ADR and other
quality colonoscopy indicators, including: devices to be mount-
ed on the instrument (e. g., Endocuff, Endorings); delayed-re-
lease capsules based on methylene blue (MB-MMX); systematic
changes of posture in the retraction phase; double inspection
of the right colon; use of the water-exchange technique; and
use of artificial intelligence (AI) [10]. Despite these proposed
approaches, which unfortunately are not available or used ev-
erywhere, high adenoma miss rates (AMR) and unacceptable
ADRs among colonoscopists continue to persist, increasing the
risk of interval cancer [13]. Several studies have shown the ad-
ded value in terms of ADR, adenoma per colonoscopy (APC),
and AMR using AI, indicating that it is influenced neither by
the size nor by the morphology of lesions, unlike the human
eye [14, 15]. However, no advantage in detecting an advanced
adenoma was found [14, 16]. Reaction time in recognizing a le-
sion also was different with AI [13].

Tandem colonoscopy is considered the standard for asses-
sing ADR and AMR. In the past, literature based on this protocol
were made to evaluate trainees’ required experience to develop
competence in performing a screening examination. One of
these reports showed that about 450 colonoscopies are needed
to achieve an AMR of less than 25% in patients older than 60
years, which is close to 22% to 26% of the literature [15–17].
Wang et al. [18], in a tandem colonoscopy study with the
same endoscopist, demonstrated the advantage of AI in redu-
cing the overall miss rate for adenomas. Lui et al. [15] have al-
ready shown that AI may benefit AMR for less experienced colo-

noscopists, but no one has demonstrated its role in a tandem
colonoscopy model with trainees.

In the present study, a tandem model was adopted in which
a trainee endoscopist (TE) carried out a colonoscopy with the
help of AI, and his/her performance in terms of ADR, APC,
AMR, PDR, PPC, and PMR was compared with that of an experi-
enced endoscopist (EE) without AI.

Patients and methods
Study design

This prospective, single-center, observational study was per-
formed at the Division of Gastroenterology and Digestive
Endoscopy of “Casa Sollievo della Sofferenza” Hospital – IRCCS
in San Giovanni Rotondo (Italy). Our center is part of the endo-
scopic training network of the Postgraduate School of Gastro-
enterology of the University of Bari (Italy). Patients aged 50 to
69 years undergoing colonoscopies for screening were recruit-
ed. History of inflammatory bowel disease, colorectal cancer,
poor bowel cleansing, previous colorectal surgery, or contrain-
dications for polypectomy were exclusion criteria. Our Ethics
Committee approved the protocol, and informed consent was
obtained from each participant before the investigation.

Study procedure

Seven investigators, four TEs (I.L., A.M., R.P., A.M.), and three
EEs (G.B., M.G., F.P.) performed examinations. Their specialty
or in progress specialty was gastroenterology. The mean age
of the TEs was 33; that of the EEs was 51. TEs had initial experi-
ence with at least 200 colonoscopies (200–400 exams) while
each EE had carried out at least 10,000 exams in his or her pro-
fessional life. After patients received conscious sedation with
meperidine and midazolam, we sequentially performed a tan-
dem colonoscopy with HD colonoscopes (CF-Q 180, CF-H 185,
CF-H 190, and CF-HQ 190, Olympus Medical Systems, Tokyo,
Japan) in all eligible individuals. The TE first carried out a com-
plete investigation with a computer-aided polyp detection
(CADe) system assistance (GI-Genius; Medtronic, Minneapolis,
Minnesota, United States). Cecal intubation was demonstrated
by identification of the appendix orifice and the ileocecal valve.
A withdrawal time of at least 6 minutes was required. Then, the
EE performed a standard, white light, blinded colonoscopy, re-
moving all detected lesions. Patient age, bowel preparation
using the Boston Bowel Preparation Scale (BBPS), location,
number, size, Paris [5], and NICE [19] classifications of all de-
tected SNL were reported by each investigator and recorded
by the sedation nurse. The site was divided into proximal and
distal according to the lesion distance from splenic flexure. Di-
minutive polyps (≤5mm) were not classified according to the
Paris classification but considered as a separate morphologic
category.

Lesions found by the TE in the first exam and “rediscovered”
by the EE were considered as “found lesions,” whereas lesions
detected only during the second procedure were considered
as “missed” ones. Each procedure was videotaped and prompt-
ly watched at the end of the tandem protocol to avoid any le-
sions being forgotten and not removed. For the same reason,
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SNL features and sites reported by each endoscopist were com-
pared. The colonic segment was reevaluated if missed lesions
were found by an endoscopist but not the other. Histopatholo-
gy was adopted as the reference standard.

When the EE had to intervene because the TE had difficulty
completing the examination, the procedure was continued by
the EE and the patient was consequently excluded from the tan-
dem protocol and the analysis; the same procedure was fol-
lowed when the BBPS was less than 6.

Outcomes

Considering the additional benefit of AI in detecting adenomas
irrespective of size, site, and morphology [14], our primary out-
come was to demonstrate that AI-supported TE ADR was not
statistically lower than that for an EE without AI. For this pur-
pose, we calculated ADR for each endoscopist’s category and
compared the results. ADR was defined as the proportion of
subjects with at least one histologically proven adenoma [20].
APC, PDR, and polyp per colonoscopy (PPC) for each group of
endoscopists were also calculated and compared. APC was de-
fined as the total number of adenomas divided by the number
of colonoscopies performed [18, 20]. PDR was defined as the
proportion of colonoscopies with at least one polyp [21]. PPC
was defined as the total number of polyps divided by the total
number of patients [18]. AI-assisted TE AMR and PMR were
evaluated. AMR was defined as the number of missed adeno-
mas divided by the total number of adenomas found in both
procedures [17–18]. PMR was defined as the number of missed
polyps divided by the total number of polyps detected in both
passes in which the unresected, diminutive, NICE 1 lesions of
the rectum were also included [18]. Sub-analyses according to
size, morphology, and site were also performed.

Statistical analysis

Observed proportions were compared using the Chi-Square
Statistic and the chisqtestClust method of the htestClust R
package [22], when appropriate. The latter involves a set of re-
weighted marginal hypothesis tests for clustered data and, in
particular, a chi-squared contingency table test and goodness-
of-fit for clustered data based upon which counts referred to
which patient. Statistical evaluations were performed using R
version 3.6.0. Data are shown as counts of success events and
P<0.005 was considered statistically significant.

Results

The TE had between 8 and 14 months of endoscopic training. A
total of 60 patients were enrolled in this study. In five of them,
intestinal cleansing was considered insufficient; seven times
the EE had to intervene due to difficulties on the part of the
TE; three patients withdrew their consent during the proce-
dure. Finally, 45 patients were considered eligible and analyzed
(30 men; mean age: 59 years) (▶Fig. 1). This sample size al-
lowed this study to capture medium effect sizes (d =0.53) with
a power =0.8, and α error probability of 0.05.Overall, the TEs
found 87 lesions: 20 polyps (> 5mm), 20 non-polypoid lesions
(NPL) ( > 5mm), and 47 diminutive ones (▶Fig. 2). The PPC was
1.93. Forty-two of 87 lesions were found in 17 subjects and his-

tologically characterized as adenomas [ADR: 38% (17/45); APC:
0.93]. Of 45 non-adenomatous lesions, at least one was detect-
ed in the other 11 patients who had no adenomas with a PDR of
62% (28 /45).

The EE found 100 lesions: 22 polyps, 28 NPL, and 50 diminu-
tive lesions. Of these, 48 adenomas were detected in 18 pa-
tients. The PPC was 2.22 and the ADR was 40% (18/45) with an
APC of 1.07. Of 52 non-adenomatous lesions, at least one was
detected in the other eight patients who had no adenomas with
a PDR of 58% (26/45).

When the findings of the TEs were compared with those of
the EE, the AMR and the PMR for the TEs were 12.5% (6/48)
and 13% (13/100), respectively. No significant difference in
the rates of all “quality” indicators between CADe-assisted TEs
and EEs was found (▶Fig. 3).

Regarding morphology, the rate of NPL (23% for TEs vs. 28%
for EE) was slightly different but not statistically significant (P=
0.86). The rates of polyps (23% for TEs vs. 22% for EEs) and di-
minutive (54% for TEs vs. 50% for EEs) lesions were also com-
parable between the two groups (P=1 and 0.91, respectively).
Regarding the size, diminutive polyps were the predominant le-
sions (47/87 for TEs and 50/100 for EEs). However, no signifi-
cant difference was found between lesions more than (46% for
TEs vs. 50% for EEs) or ≤5mm (P=0.90 and 0.91, respectively).
Finally, as regards location, detected lesions were mainly distal
(54% for TEs vs 55% for EEs), without any significant difference
between the two categories of endoscopists. These results are
summarized in ▶Fig. 3.

Discussion
CADe systems are revolutionary devices that are increasingly
being used in clinical setting for location and characterization
of lesions in medical images. In gastrointestinal endoscopy,
these systems, based on AI, mainly have been used during colo-
noscopy because of their ability to distinguish between abnor-
mal and normal mucosa and detect and characterize colonic le-
sions [23].

One of the most challenging tasks for endoscopists is identi-
fying and removing all adenomatous colonic lesions during co-
lonoscopy. This activity can be evaluated by the ADR, defined as
the rate at which a physician finds one or more precancerous
polyps during a normal screening colonoscopy procedure for
patients over 50 years old. Professional societies have deter-

5 insufficient bowel cleansing

60 patients 
enrolled

45 patients 
analyzed

3 withdraw
consent

7 TE technical
difficulties

▶ Fig. 1 Study flowchart.
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mined that the benchmark rate should be at least 25% (30% in
men, 20% in women) [24]. In our single-center study, we found
38% and 40% values for AI-assisted TEs and EEs, demonstrating
their comparative performance. Although calculated among

TEs, ADR in our CADe group was in line with the pooled AI-
ADR reported in the literature (36.6%) [14], but lower than the
only GI-Genius reported ADR for EEs [20]. Studies calculating
the TE-ADR without AI reported a value similar to ours and a

▶ Fig. 2 Examples of lesions detected with artificial intelligence(video stills).

▶ Fig. 3 Summary of results.

Trainees +AI group (45) Expert endoscopists group (45) Ρ value

ADR 38% (17) 40% (18) 1

APC 0.93 (42) 1.07 (48) 1

PDR 62% (28) 58% (26) 0.72

PPC 1.93 (87) 2.22 (100) 0.69

AMR 12.5%

PMR 13%

Detections (87) Detections (100)

Morphology

Size

Location

NPL 23% (20) 28% (28) 0.86

Polyps 23% (20) 22% (22) 1

Diminutive 54% (47) 50% (50) 0.91

Lesions > 5mm 46% (40) 50% (50) 0.90

Proximal 46% (40) 45% (45) 1

Distal 54% (47) 55% (55) 1

AI, artificial intelligence; ADR, adenoma detection rate; APC, adenoma per colonoscopy; PDR, polyp detection rate; PPC, polyp per colonoscopy; AMR, adenoma miss
rate; PMR, polyp miss rate; NPL, non-polypoid lesion.

f
f
f
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time-learning effect, with an increase in this parameter as train-
ing years increased [24].

Our calculated APC, PDR, and PPC also were comparable be-
tween the two groups. Our CADe APC was lower than the 1.07
calculated by Repici et al. [20] in their EE group, but higher than
the pooled one reported in the literature [14]. Regarding PDR,
we found a value higher than the pooled one (50.3%) reported
in the literature with AI support [14]. This rate probably is relat-
ed to further technological improvements in these devices, as
shown by other authors who found a value comparable with
ours [18]. In our study, some lesions were found by the TEs
and not by the EEs (62% vs. 58%). However, these lesions were
diminutive NICE 1 rectal polyps, as confirmed by reviewing the
videotapes.

We found an AMR value of 12.5%, much lower than the 27%
reported by Munroe et al [17] in a group of TEs without AI and
partially in line with the literature tandem ones (10%-30%)
[18]. However, our AMR and PMR were comparable to those
for the same parameters calculated with CADe colonoscopy in
expert hands (13.89% and 12.98%, respectively) [18].

As in previous studies, we did not find differences in detec-
tion of lesions with different morphology, size, and location
[14]. Moreover, we did not calculate a meaningful prolongation
of withdrawal time in the TE group to explain the false positive
by AI, probably because our TEs were already trained in SNL
characterization, as reported in two previous works of our
group [25, 26]. The EE withdrawal time was higher due to their
diagnostic and interventional examination.

Limitations

First, this was a single-center study. Our sample size was rela-
tively small because we excluded all cases in which the EE had
to intervene because a TE had difficulty to completing the ex-
amination. Moreover, the device, which our service soon will
be acquiring, was tested for only a short trial period. As soon
as we have the equipment available, we will implement our
data even if we think that a multicenter study with a larger sam-
ple size is needed to confirm these results. Second, because the
different endoscopists were aware of this ongoing study of
their own performance, the study results could have overesti-
mated the actual parameters, especially for the experienced
group. In fact, studies have shown limitations of the human
eye related to fatigue, distraction, and level of alertness during
examination and the added value of AI to overcome them [13].
Although AI has been shown to be superior to the human eye in
searching for lesions in several studies, adequate intestinal
cleansing and optimal withdrawal time are indispensable prere-
quisites for maximizing AI results [13, 15]. Third, we carried out
our study with HD-WLE. We cannot exclude better performance
with the synergistic effect of other techniques or tools (e. g.,
chromoendoscopy, Endocuff). As already proposed by other
authors [20], future studies should compare neoplasia detec-
tion with CADe over chromoendoscopy with CADe alone.

Although limited by a small sample, we think our results are
in line with those reported in the literature in expert hands pre-
cisely because our TEs were already trained to recognize and
characterize colonic lesions. This greatly limited the number of

false positive and false negative results, as the TEs already knew
what to look for.

Conclusions
In conclusion, we demonstrated a possible significant (practical
relevance) impact that AI might have in colonoscopy training in
terms of quality. We think that adding a CADe device during TE
examination could help shorten and improve their learning
curve for quality performance (e. g., understanding where a le-
sion may be found, when they need to observe with better at-
tention, and features of polyps), and contribute to making up
for any inattention of an EE during the exam supervision. In
the future, this could also result in better efficacy of screening
coloscopy by reducing the incidence of interval or missed can-
cers. However, we must not forget that AI is only a helpful tool
in addition to the human eye. A good endoscopist is one who
can reach the cecum and detect polyps without the help of AI
and definitively remove them.
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