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ABSTRACT

Background and study aims Artificial Intelligence (AI)

systems could make the optical diagnosis (OD) of diminu-

tive colorectal polyps (DCPs) more reliable and objective.

This study was aimed at prospectively evaluating feasibility

and diagnostic performance of AI-standalone and AI-assis-

ted OD of DCPs in a real-life setting by using a white light-

based system (GI Genius, Medtronic Co, Minneapolis, Min-

nesota, United States).

Patients and methods Consecutive colonoscopy outpati-

ents with at least one DCP were evaluated by 11 endos-

copists (5 experts and 6 non-experts in OD). DCPs were

classified in real time by AI (AI-standalone OD) and by the

endoscopist with the assistance of AI (AI-assisted OD),

with histopathology as the reference standard.

Results Of the 480 DCPs, AI provided the outcome “ade-

noma” or “non-adenoma” in 81.4% (95% confidence inter-

val [CI]: 77.5–84.6). Sensitivity, specificity, positive and

negative predictive value, and accuracy of AI-standalone

OD were 97.0% (95% CI 94.0–98.6), 38.1% (95% CI 28.9–

48.1), 80.1% (95% CI 75.2–84.2), 83.3% (95% CI 69.2–

92.0), and 80.5% (95% CI 68.7–82.8%), respectively. Com-

pared with AI-standalone, the specificity of AI-assisted OD

was significantly higher (58.9%, 95% CI 49.7–67.5) and a

trend toward an increase was observed for other diagnostic

performance measures. Overall accuracy and negative pre-

dictive value of AI-assisted OD for experts and non-experts

were 85.8% (95% CI 80.0–90.4) vs. 80.1% (95% CI 73.6–

85.6) and 89.1% (95% CI 75.6–95.9) vs. 80.0% (95% CI

63.9–90.4), respectively.

Conclusions Standalone AI is able to provide an OD of ade-

noma/non-adenoma in more than 80% of DCPs, with a high

sensitivity but low specificity. The human-machine interac-

tion improved diagnostic performance, especially when ex-

perts were involved.

Supplementary Material is available at

https://doi.org/10.1055/a-2303-0922
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Introduction
Detection and removal of polyps and adenomas during colo-
noscopy has been shown to reduce the risk of colorectal cancer
[1, 2, 3, 4]. However, more than 90% of polyps detected during
colonoscopy are small (6–9mm) or diminutive (≤5mm) and,
especially in the latter group, the risk of cancer is negligible
[5, 6, 7, 8, 9, 10, 11, 12, 13, 14]. Currently, all polyps identified
during colonoscopy are removed by endoscopic resection and
sent for histopathology; this policy is associated with signifi-
cant cost, time, and potential adverse events.

In recent years, it has been consistently demonstrated that
implementation of strategies based on optical diagnosis (OD)
of diminutive colorectal polyps (DCPs) (i. e., leave-in-situ and
resect-and-discard policies) reduces pathology- and polypecto-
my-related costs, leading to a significant economic benefit
without an impact on efficacy and safety [15, 16]. The Ameri-
can Society for Gastrointestinal Endoscopy has set Preservation
and Incorporation of Valuable endoscopic Innovations (PIVI)
standards for safe and effective incorporation of such strategies
in clinical practice [17, 18]. More recently, the European Society
of Gastrointestinal Endoscopy (ESGE) developed simple, safe,
and easy-to-measure competence standards for OD which
could optimize OD decision-making in endoscopy [19, 20]. Al-
though several studies have shown that image enhancement
technologies in expert hands can meet the PIVI criteria [21,
22, 23, 24], integration of OD in routine clinical practice has
failed due to the inability of general endoscopists to meet the
established standards [21, 22, 23, 24, 25]. A recent internation-
al survey investigating clinical uptake of these strategies
showed that 84% of endoscopists practicing across the world
were not using leave-in-situ and/or resect-and-discard strategy
[26].

In the last few years, deep learning allowed the development
of artificial intelligence (AI) algorithms that are able to charac-
terize polyps in real time, potentially making the OD process
easy, quick, objective, and reproducible, regardless of endos-
copist expertise or training in optical diagnosis. However, at
present, most AI systems for polyp characterization involve
proprietary image enhancement technologies (e. g., endocyto-
scopy [27], narrow-band imaging (NBI) [28, 29], blue light ima-
ging (BLI) [30]) and are evaluated in artificial settings (e. g., by
analyzing still images or short video segments). Recently a
brand-new AI system for polyp characterization has been mar-
keted (GI Genius Medtronic Inc, Dublin, Ireland). It works in
white light unmagnified endoscopy, automatically activates
when a polyp is detected, overlays a frame-by-frame live OD,
and potentially can be suitable for all endoscopy platforms.
This AI system has been initially validated on a prospectively ac-
quired dataset with a multi-reader study design [31, 32],but
clinical data about its clinical performances in a real-life setting
are still limited [24, 32, 33].

The study aim was to prospectively evaluate the feasibility
and clinical performance of AI (both standalone AI and AI-assis-
ted) OD by using GI Genius module for characterization of di-
minutive colorectal polyp in a real-life setting.

Patients and methods
Center

This prospective observational study was conducted at the
Endoscopy Unit of Ospedale Valduce Como, Italy. The institu-
tional review board (Comitato Etico dell’Insubria, ASST Sette
Laghi) approved the protocol (unique identifier number 41/
2022- approval date 28/07/2022) which was registered with
ClinicalTrial platform (NCT05492656) on 11/08/2022.

Patients and inclusion and exclusion criteria

Consecutive adult outpatients aged 18 to 80 years referred for
screening, symptoms, or post-polypectomy surveillance colo-
noscopy in which at least one diminutive (≤ 5mm) DCP was de-
tected were included in the present study. Patients with in-
creased risk of harboring adenomatous lesions (e. g., history of
colorectal cancer, hereditary polyposis syndrome or hereditary
non-polyposis colorectal cancer) were excluded. Furthermore,
patients with newly diagnosed inflammatory bowel disease,
polypectomy not performed because of ongoing anticoagula-
tion, and urgent colonoscopy scheduled were also excluded
from the present study. All patients provided their written in-
formed consent.

Study outline

All patients undergoing outpatient colonoscopy at the Gastro-
enterology Unit of Valduce Hospital during the study timeframe
were offered the opportunity to participate in the study,
provided they met all the specified inclusion criteria and none
of the exclusion criteria. When diminutive colon polyps were
detected during colonoscopy, excluding polyps < 3mm in the
rectum with an obvious hyperplastic appearance, the GI Genius
system in white light was employed for polyp characterization.
Moreover, the AI system's ability to generate an output (adeno-
ma, non-adenoma, or no prediction) and to provide clear-cut
relevant information for subsequent polyp management
(namely the adenoma or non-adenoma output) was measured.
The same polyps underwent assessment by the endoscopist,
who was aware of the AI system output (AI-assisted OD). The
endoscopist then provided his/her evaluation (adenoma or
non-adenoma) along with the confidence level. Further details
regarding each step of the study are outlined in the following
paragraphs.

Study aim and study endpoints

The primary aim was to assess, in routine clinical practice, the
feasibility (i. e. the capability of AI to provide a clear outcome)
of standalone AI and AI-assisted OD (see definitions in “Artificial
Intelligence System and Optical Diagnosis process” section) in
diagnosis of DCPs. For this purpose, we considered as primary
endpoints the proportion of DCPs in which the standalone AI
system was able to provide an output, such as “adenoma,”
“non-adenoma,” or “no prediction” and the proportion of
DCPs in which the standalone AI system was able to provide
clinically relevant output (namely “adenoma” or “non-adeno-
ma”) which was potentially useful for further polyp manage-
ment. We also evaluated feasibility of AI-assisted OD by calcu-
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lating the proportion of diminutive polyps characterized by an
endoscopist once they were aware of the AI output and the pro-
portion of diminutive polyps characterized by an endoscopist,
once they were aware of the AI output, with high confidence.

The secondary aim was to evaluate diagnostic accuracy. For
this purpose, we calculated sensitivity, specificity, and positive
and negative predictive value as well as overall accuracy of stan-
dalone AI and AI-assisted OD in characterizing DCPs with histo-
pathology as reference standard (DCPs in which the histopa-
thology was unavailable – e. g. non-retrieved polyps – were ex-
cluded from the analysis). For calculation of standalone AI OD
accuracy variables, only DCPs characterized as adenomas or
non-adenomas were included, whereas for AI-assisted OD accu-
racy, only DCPs characterized with high confidence were select-
ed.

We also planned exploratory subgroup analyses for both
standalone AI and AI-assisted OD on accuracy of performance
according to level of expertise (i. e., expert vs. non-expert), lev-
el of confidence (i. e., high vs. low) and polyp location (i. e.,
proximal vs. distal; see “Endoscopic procedures” section for de-
finitions).

Endoscopic procedures

All procedures were performed using the ELUXEO 7000 endos-
copy platform (including video processor ELUXEO VP-7000 and
light source ELUXEO BL-7000; Fujifilm Co., Tokyo, Japan). All
endoscopists, before taking part in the study, received formal
training, consisting of a 45-minute lecture about principles of
OD and features of the AI system used in the present study.
During the study period, neither periodical auditing nor moni-
toring of OD performance were performed in order to avoid po-
tential bias. The participating endoscopists were dichotomized
as experts (whether they followed dedicated training, partici-
pated in previous studies of OD, underwent periodical auditing
and monitoring, and performed OD on a regular basis, accord-
ing to ESGE curricula [19, 20]), and non-experts in OD.

According to the current clinical practice in our center, all
polyps except tiny ones (1–3mm) located in the rectum with
obvious hyperplastic appearance were removed, retrieved in
separate jars, and sent for pathology assessment. Polyp size
was estimated by comparison with an open snare or forceps;

moreover, they were classified according to size as 1 to 5mm
(diminutive), 6 to 9mm (small) or ≥10mm. In the present pa-
per, the analysis was limited to diminutive colonic polyps. Ac-
cording to current practice [34], diminutive polyps were de-
fined as “proximal” (PDCPs) if located in the cecum, ascending
colon, transverse colon, or splenic flexure; in the remaining
cases (polyps located in the descending or sigmoid colon, or
rectum) they were labeled as “distal” (DDCPs). Polyp morphol-
ogy was described according to the Paris classification [35].

AI system and OD process

In the present study, the convolutional neural network system
GI Genius v. 3.0.1 was used for polyp characterization. The sys-
tem has been described in detail elsewhere [31, 32]. Briefly, it
processes non-magnified white light images in nearly real-
time. When a polyp is framed within the detection box, a
three-option OD (“adenoma”, “non-adenoma” or “no predic-
tion”) is immediately overlaid (AI-standalone OD). ▶Fig. 1
shows how the AI output is provided. Because standalone AI
OD output may change during observation (because of factors
such as movements of the endoscope or patien and presence of
debris), the output which was more consistent throughout ob-
servation (which was at least 30 seconds) was recorded as stan-
dalone AI OD output. After receiving the AI output, the endos-
copist was free to shift from white to blue light (BLI) and to pro-
vide his own OD (AI-assisted OD). The level of confidence in AI-
assisted OD (high vs. low) was also recorded.

Pathology (reference standard)

All resected polyps or biopsy specimens were fixed in a 10% buf-
fered formalin solution and sent to pathology in separate jars.
They were processed and stained for histopathology using
standard methods and evaluated by expert pathologists. Parti-
cipating pathologists were blinded to the OD, and evaluated all
the resected polyp according to the Vienna classification and
World Health Organization guidelines [36, 37]. For the present
study, hyperplastic polyps, sessile serrated lesions with or with-
out dysplasia, inflammatory polyps, and normal mucosa sam-
ples were all labeled as non-adenomas. Adenomas with signifi-
cant villous features (>25%), size ≥1.0 cm, high-grade dysplasia,
or early invasive cancer were defined as advanced.

▶ Fig. 1 This frame shows how the artificial intelligence (AI) system provides the optical diagnosis output; when the polyp is framed within the
detection box, an optical diagnosis (OD) label is overlaid (a adenoma, b non-adenoma, c no prediction).
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Statistical analysis and sample size calculation

Normally and non-normally distributed data were presented
using mean and standard deviation (SD) and median and inter-
quartile ranges (IQRs), respectively.

For all the estimates reported in the present study, 95% con-
fidence intervals (95% CIs) were calculated. To evaluate paired
nominal data (e. g. standalone AI and AI-assisted feasibility) a
two-tailed McNemar test was used. P <0.05 was considered sta-
tistically significant. In assessing the diagnostic accuracy vari-
ables of the standalone AI and AI-assisted approaches, it is im-
portant to note that although the population samples were not
identical, they exhibited significant overlap, almost to the point
of being nearly identical. Consequently, the McNemar test and
Chi-square test were not entirely suitable for this context. Thus,
we presented absolute numbers along with their corresponding
95% CIs. Significance was attributed to differences only when
there was no overlap in the 95% CIs [38]. There was no need to
adjust for multiplicity because the analysis of secondary out-
comes was considered subsidiary and exploratory.

Satistical analysis was performed with Microsoft Excel (Mi-
crosoft Co., Redmonton, Washington, United States) and Med-
Calc Software package (MedCalc Software Ltd., Ostend, Bel-
gium).

Taking into account the lack of studies evaluating the clinical
feasibility and diagnostic accuracy of the AI system when the
current study was designed, we considered our trial as a preli-
minary pilot study. Thus, we arbitrarily planned to include 500
consecutive patients overall. Moreover, taking into account the
polyp detection rate in our center in 2001 (46.0%) in patients
undergoing colonoscopy for mixed indication, we expected to
collect data from at least 230 patients with at least one polyp.
Because DCPs represents about 95% of all detected polyps and
they are often multiple, we expected to collect about 450 DCPs.

Results
Patients and polyps

From August to November 2022, 500 outpatients referred for
screening, surveillance, or diagnostic colonoscopy were eval-
uated. Of them, 270 were excluded (reasons for exclusion are
detailed in ▶Fig. 2) and 30 had only non-diminutive polyps (>
5mm) and were also excluded from further analysis. Finally,
200 patients (median age 66.0 years, IQR 57–73, 55.0% male)
with at least one DCP were included in the analysis. Patient
flow is summarized in ▶Fig. 2. In these patients, 551 polyps
were identified. Baseline features of patients and polyps are
summarized in Supplementary Table 1. The median number
of polyps per patients was two (IQR 1–4) (Supplementary Ta-
ble2).

Of 551 resected polyps, 480 were DCPs (480/551, 87.1%).
Twenty (4.2%; 95% CI 2.6–6.4) were not retrieved. Histological
diagnosis, therefore, was available or 460 DCPs, of which 298
(64.8%; 95% CI 64.8–69.2) were adenomas and 162 (35.2%;
95%CI 30.9–39.8) non-adenomas, namely 99 hyperplastic
polyps, eight sessile serrated lesions, and 55 inflammatory tis-
sue or normal mucosa. Of 460 retrieved DCPs, 188 (188/460,

40.9%; 95% CI 36.3–45.5) were DDCPs (Supplementary Table
3 summarizes the features of retrieved DCPs).

Overall, 11 endoscopists participated in the present study;
of them, five were experts and six non-experts. Additional de-
tails regarding endoscopist selection and features are reported
in the supplementary material. Expert endoscopists resected
231 DCPs (231/480, 48.1%; 95% CI 43.6–52.7) and retrieved
221 of them (221/460, 48.0%; 95% CI 43.4- 52.7); the median
number of DCPs evaluated by each expert was 11 (IQR 3–107).
Non-experts resected 249 DCPs (249/480, 51.9%; 95% CI 47.3–
56.4) and retrieved 239 of them (239/460, 52.0%; 95% CI 47.3–
56.6); the median number of DCPs evaluated by each non-ex-
pert was 12 (IQR 3–120).

Feasibility of AI-standalone and AI-assisted OD

AI output was obtained for all 480 diminutive polyps identified.
The output of the AI system was “adenoma” or “non-adenoma”
in 341 (341/480, 71.0 %; 95% CI 66.8–75.1) and in 50 DCPs (50/
480, 10.4%; 95% CI 7.8–13.5) respectively. The AI output was
“no prediction” in the remaining 89 diminutive polyps (89/
480, 18.5%; 95% CI 15.2–22.3).

Of 480 DCPs, the endoscopist was able to provide an out-
come in all of them. However, the DCPs evaluated with high
confidence by the endoscopist with the assistance of the AI sys-
tem were 392/480, 81.7% (95% CI 77.9–85.0). The rate of
polyps evaluated as adenoma/non-adenoma by AI alone and
those evaluated as adenoma/non-adenoma with high confi-
dence by the endoscopist, once they were aware of the AI out-
put, according to polyp location (proximal vs. distal) and exper-
tise (expert vs. non-expert), are detailed in ▶Table1.

Standalone AI OD diagnostic performances

A total of 374 DCPs were retrieved for pathological evaluation
in which standalone AI OD was “adenoma” or “non-adenoma”.
For DCPs the standalone AI sensitivity, specificity, negative, and
positive predictive value as well as overall accuracy were 97%

500 eligible patients

230 enrolled patients

200 Patients with at least one polyp ≤5 mm

Excluded: 270 patients
Reason for exclusion
▪  230: no polyps
▪  14: ongoing antithrombotic therapy
 preventing polyp resection
▪  20: diagnosis if IBD
▪  6: personal history of CRC of familiar 
 polyposis syndrome

Excluded: 30 patients with only polyps >5 mm

▶ Fig. 2 Patient flow.
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(95% CI 94.0–98.6), 38.1% (95% CI 28.9–48.1), 83.3% (95% CI
69.2–92.0), 80.1% (95% CI 75.2–84.2), and 80.5% (95% CI
76.2–84.4), respectively (▶Table 2). Results of standalone AI

OD subanalysis according to polyp location and endoscopist ex-
pertise are reported in ▶Table 3.

▶Table 1 Rate of polyps evaluated as adenoma/non-adenoma by AI alone (AI-standalone) and evaluated as adenoma/non-adenoma with high confi-
dence by the endoscopist once aware of AI output (AI-assisted).

All endoscopists Expert endoscopists Non-experts endoscopists

Standalone

AI

AI-assisted P val-

ue

Standalone

AI

AI-assisted P val-

ue

Standalone

AI

AI-assisted P val-

ue

DCP (95%
CI)

81.4% (77.5–
84.6)

81.7% (77.9–
85.0)

0.940 79.7% (73.9–
84.7)

85.7% (73.9–
84.7)

0.146 83.1% (77.9–
87.6)

77.9% (72.2–
82.9)

0.223

Proximal
(95% CI)

82.1% (77.1–
86.4)

78.9% (73.6–
83.5)

0.443 82.7% (75.4–
88.6)

84.2% (77.0–
89.8)

0.882 81.1% (73.7–
87.2)

73.4% (65.4–
80.5)

0.214

Distal (95%
CI)

80.1% (73.9–
85.4)

85.6% (73.6–
83.5)

0.228 75.0% (64.9–
83.5)

89.0% (80.7–
94.6)

0.059 85.9% (77.7–
91.9)

84.0% (75.6–
90.4)

0.859

AI, artificial intelligence; DCP, diminutive colorectal polyp; CI, confidence interval.

▶Table 2 Diagnostic performance in AI-standalone and AI-assisted optical diagnosis of all diminutive colorectal polyps.

AI-standalone AI-assisted

Number of polyps 374 376

Sensitivity (95% CI) 97.0% (94.0–98.6) 94.8% (91.1–97.1)

Specificity (95% CI) 38.1% (28.9–48.1) 58.9% (49.7–67.5)

Positive predictive value (95% CI) 80.1% (75.2–84.2) 82.4% (77.4–86.5)

Negative predictive value (95% CI) 83.3% (69.2–92.0) 84.9% (75.2–91.4)

Accuracy (95% CI) 80.5% (68.7–82.8) 83.0% (78.8–86.6)

AI, artificial intelligence; CI, confidence interval.

▶Table 3 Diagnostic performance in standalone AI and AI-assisted optical diagnosis according to polyp location and endoscopist expertise.

Proximal diminutive polyps Distal diminutive polyps Experts Non-experts

Standalone

AI

AI-assisted Standalone

AI

AI-assisted Standalone

AI

AI-assisted Standalone

AI

AI-assisted

Number of
polyps

222 213 152 163 176 190 199 186

Sensitivity
(95% CI)

97.1%
(93.1–98.9)

96.9%
(92.4–98.8)

96.8%
(90.3–99.2)

91.4%
(83.3–95.9)

96.1%
(90.7–98.6)

96.1%
(90.6–98.5)

97.9%
(93.4–99.4)

93.6%
(87.4–97.0)

Specificity
(95% CI)

31.9%
(19.5–47.3)

51.9%
(38.0–65.5)

43.1%
(30.4–56.7)

64.3%
(51.9–75.1)

36.0%
(23.1–51.5)

65.0%
(51.9–76.4)

39.7%
(27.3–53.4)

52.5%
(39.4–65.2)

PPV (95% CI) 84.2%
(78.2–88.0)

85.6%
(79.4–90.2)

73.4%
(64.6–80.7)

77.2%
(68.1–84.5)

80.5%
(73.2–86.3)

84.7%
(77.6–90.0)

79.8%
(72.3–85.3)

80.1%
(72.5–86.1)

NPV (95% CI) 75.0%
(50.6–90.4)

84.8%
(67.3–94.3)

89.3%
(70.6–97.2)

84.9%
(71.9–92.8)

77.3%
(54.2–91.3)

89.1%
(75.6–95.9)

88.5%
(68.7–97.0)

80.0%
(63.9–90.4)

Accuracy
(95% CI)

83.3%
(77.7–88.0)

85.5%
(80.0–89.9)

76.3%
(68.7–82.8)

79.8%
(72.8–85.6)

80.1%
(73.3–85.7)

85.8%
(80.0–90.4)

80.9%
(74.8–86.1)

80.1%
(73.6–85.6)

AI, artificial intelligence; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value.
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AI-assisted OD diagnostic performances

Overall, 376 DPCs were characterized by the endoscopist with
the assistance of AI (AI-assisted OD) with high confidence. The
AI-assisted sensitivity, specificity, negative and positive predic-
tive value, and overall accuracy were 94.8% (95% CI 91.1–97.1),
58.9% (95% CI 49.7–67.5), 84.9% (95% CI 75.2–91.4), 82.4%
(95% CI 77.4–86.5), and 83.0% (95% CI 78.8–86.6), respectively
(▶Table2).

A relevant increase in specificity (58.9%; 95% CI 49.7–67.5
vs.38.1%; 95% CI 28.9–48.1) and a trend toward an increase in
other performance variables (▶Table 2) was observed by com-
paring standalone AI OD and AI-assisted OD diagnostic per-
formances. Results of AI-assisted OD subanalysis according to
polyp location and expertise are reported in ▶Table3.

Discussion
Our data show that in clinical practice, an AI white light-based
system provides an OD (i. e., adenoma or non-adenoma) that is
potentially clinically useful for further polyp management for
more than 80% of diminutive colonic polyps, with good overall
accuracy, but low specificity. The rate of DCPs labeled as ade-
noma or non-adenoma by AI was high, but it was somewhat
lower than the one reported in previous studies conducted in
a similar setting [32, 33, 39, 40, 41]. This finding relates to a
technical peculiarity of GI Genius, namely the presence of three
possible outcomes and particularly the "non-predictable" one,
which is not available in other AI systems for polyp characteri-
zation. While this option reduces by about 20% the portion of
diminutive polyps for which the system can provide definite di-
chotomous adenoma/non-adenoma feedback, it may help to
simplify the characterization process and decrease the subjec-
tivity of interpretation by quickly and clearly identifying the
subset of diminutive polyps for which an automatic assessment
may be less reliable.

We found that standalone AI had good accuracy, even
though it resulted in slightly lower accuracy than that reported
in previous studies in which the same AI system was used [32,
33, 40, 41]. In the present study we observed low specificity.
This finding might have a relevant impact on the cost-effective-
ness of the resect-and-discard and leave-in process, because on
one hand, low specificity minimizes risk of leaving adenoma-
tous polyps in place, but it also potentially increases the num-
ber of hyperplastic polyps unnecessarily removed, reducing
possible cost savings, which is one of the major drivers of an
OD-based policy. This finding sharply differs from the standa-
lone AI specificity reported by other trials [27, 32, 33, 39, 41],
which were explicitly designed and powered to target the
leave-in-situ strategy threshold, and in which all rectosigmoid
diminutive polyps were included. Conversely, in line with cur-
rent routine practice in most endoscopy centers, we deliberate-
ly decided to exclude very tiny (1–3mm) rectal polyps, with ob-
vious hyperplastic appearance, which were evaluated by the
endoscopist alone and left in situ. This policy led us to select a
subset of polyps rich in adenomas, because in the present
study, the rate of adenomatous DDCPs was 70.0%, whereas in

the study by Hassan et al. [33], this figure was less than 20%.
However, this represents the actual real-life scenario and the
polyps we selected were exactly those with which endoscopists
can benefit the most from the presence of an automatic, inde-
pendent characterization system to support them in decision
making.

It could also be speculated that the performance of standa-
lone AI also may be affected by inclusion of sessile serrated le-
sions (SSLs) within the category of hyperplastic polyps. Al-
though this is certainly one of the limitations of currently avail-
able AI systems and the possibility of differentiating SSLs from
hyperplastic polyps will represent a step forward in this tech-
nology in the near future, diminutive polyps with SSL features
represent a very small proportion of all diminutive colonic
polyps (1.7% in the present study); therefore, it does not seem
to represent a major issue at the present time.

Notably, we observed that when the AI output was coupled
with endoscopist evaluation, all performance measures tended
to improve, with an increase in both colorectal and diminutive
distal polyp OD specificity. This finding reinforces the key role
of the endoscopist in the OD process, and the superiority of
so-called hybrid intelligence over standalone AI output. In fact,
endoscopists do not merely record output provided by the AI
system, but they integrate it within a complex cognitive pro-
cess that takes into account their assessment, the AI output,
and also other technical and clinical data (e. g., the location of
the polyp) in order to provide the final OD. This seems to be
confirmed by the subanalysis of AI-assisted OD we performed
according to endoscopist expertise. We observed that the per-
formance of experts tended to be superior to that of non-ex-
perts. In particular, when we looked at DDCPs, which are the
target of the leave-in situ strategy, the results of the experts in
our study were very close to the values observed in the study by
Hassan et al. [33,] which mostly involved expert endoscopists,
and to the thresholds required for implementation of a leave-
in situ strategy in clinical practice.

Our study had some limitations. First, as already mentioned,
we designed a feasibility pilot study, with an arbitrary sample
size of 500 patients, because when the study was planned clin-
ical data were not available. Second, as anticipated, we exclud-
ed some very tiny (1–3mm) rectal polyps with obvious hyper-
plastic appearance and we included among distal polyps those
located in the descending colon, so we cannot draw definitive
conclusions regarding the use of the AI system in the frame-
work of resect-and-discard or leave-in policies. However, in the
present feasibility study, we took a pragmatic approach from
clinical practice, where anatomical landmarks for distinguish-
ing between the descending and sigmoid colon are often lack-
ing (while it is easier to use the splenic flexure as a reference)
and very tiny polyps in the distal rectum do not need any addi-
tional tool to be correctly recognized as hyperplastic. We also
focused mostly on feasibility and accuracy, instead of negative
predictive value or sensitivity and specificity as suggested by
PIVI [21, 24] or Simple Optical Diagnosis Accuracy (SODA) [20]
thresholds. In addition, although inclusion of a high number of
heterogenous endoscopists might represent a reliable picture
of everyday clinical practice, differences in colonoscopy tech-
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nique such as endoscope handling, polyp framing, and colonic
lumen cleansing and the relatively low number of DCPs evaluat-
ed by each endoscopist could have affected the final results. To
minimize this issue, we decided to analyze aggregate data by
comparing experts and non-experts, instead of providing per-
endoscopist data. Furthermore, in the present study, we did
not collect the characterization of DCPs by an endoscopist
alone (i. e., without the support of AI). Third, although in our
study some patients presented with more than one polyp, we
did not apply a correction for possible statistical dependency.
From a theoretical standpoint, characterizing multiple polyps
might be more straightforward when they are obtained from
the same patient, rather than from different patients. Never-
theless, we opted to exclude patients with predisposing condi-
tions (such as a history of colorectal cancer, hereditary polypo-
sis syndrome, or hereditary non-polyposis colorectal cancer)
that might lead to the presence of polyp clusters with a specific
histotype. Our approach closely aligns with methodologies em-
ployed in other studies addressing the same topic. In addition,
considering the median number of polyps per patient (2, IQR 1–
4) and the relatively low occurrence of patients with multiple
polyps (Supplementary material Table2), we anticipate a
negligible impact on the analysis results by not adjusting for
multiplicity. Lastly, due to the intrinsic characteristics of the AI
system we evaluated (GI Genius, Medtronic Co), which provides
immediate output of characterization once a polyp is identified,
we were unable to evaluate standalone endoscopist perform-
ance, which would be the ideal comparator to better under-
stand system performance and, most importantly, the contri-
bution of AI to the OD process. To address this issue, an addi-
tional screen with the native endoscopic image (without the AI
output overlay) would be needed. Unfortunately this was not
available at our center during the study period.

Conclusions
In conclusion, white light standalone AI OD showed good feasi-
bility and acceptable overall accuracy in everyday clinical prac-
tice, with a low specificity that might hamper the cost-effec-
tiveness of OD-based strategies, such as leave-in-situ and re-
sect and discard. We reported an increase in some relevant per-
formance variables when humans interacted with the machine,
thus supporting the superiority of the so-called hybrid intelli-
gence over the AI-standalone performance, which is consistent
with other studies [27, 30, 40], especially when there is a high
level of expertise in OD and when polyps difficult to character-
ize are included. If one of the possible advantages of AI is stan-
dardization of the OD process in small and inexperienced cen-
ters, the results of our study do not fully support that expecta-
tion. However, we used the first available GI Genius release and
further improvements are expected with the second-genera-
tion software, which is going to be launched soon.
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