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Abstract: Background. The large number of lesions detected via high-definition (HD) imaging
during colonoscopy calls for the reliable real-time histological characterization of polyps, especially
diminutive and small ones, to permit tailored management based on the neoplastic risk, such as
a “resect-and-discard” or a “diagnose-and-leave” strategy for low-risk adenomas and hyperplas-
tic polyps (HPs). The Kudo classification of glandular pit pattern is currently used for predicting
polyp histology. Aim. The aim in this study was to assess whether Kudo’s glandular pit pattern,
assessed via HD digital chromoendoscopy (i-Scan) without magnification and optical enhancement,
reliably predicts polyp histology and differentiates neoplastic lesions (NLs) from non-neoplastic
lesions (non-NLs) during routine colonoscopy. Methods. Consecutive colorectal lesions recorded
in a database over 12 months, with Kudo’s glandular pit pattern classification, were retrospectively
compared with histology. The diagnostic accuracy and negative predictive value (NPV) for ade-
nomatous histology of Kudo’s pit patterns were assessed separately for diminutive (≤5 mm) and
small (6–9 mm) polyps, accordingly to the American Society for Gastrointestinal Endoscopy (ASGE)
Preservation and Incorporation of Valuable Endoscopic Innovations (PIVI), and in large (≥10 mm)
lesions. Results. A total of 2230 lesions were recorded: 898 diminutive, 704 small, and 628 large.
Kudo’s type II pit pattern was prevalent in diminutive polyps and recognized mostly in HPs (83.27%);
it was also found in 38.8% of adenomas. In the right colon, Kudo’s type II pit pattern was prevalent in
adenomas (70.04% vs. 20.74% in HPs); among the serrated lesions, it was evenly distributed between
HPs and adenomas. Kudo’s type IIIL/IIIs/IV pit pattern was prevalent in NLs (61% vs. 8.37% of
non-NLs) in diminutive polyps, evenly distributed between non-NLs and NLs in small polyps, and
found only in NLs in large polyps. Kudo’s type Vi/Vn pit pattern correctly identified all but one
adenocarcinoma. The NPV for adenomatous histology did not reach the recommended 90% PIVI
threshold for differentiation between NLs and non-NLs in diminutive polyps showing Kudo’s type
II pit pattern and in small polyps showing type IIIL/IIIs/IV pit pattern. Conclusions. Kudo’s pit
pattern classification carried out with digital chromoendoscopy (i-Scan) during routine colonoscopy
does not allow the reliable differentiation between non-NLs and NLs in diminutive and small polyps,
so a “diagnose-and-leave” strategy for diminutive polyps may leave undetected adenomas, while a
“resect-and-discard” strategy could miss lesions requiring closer follow-up.

Keywords: routine colonoscopy with digital chromoendoscopy; Kudo’s classification of glandular
pit pattern; negative predictive value (NPV) for adenomatous histology; diagnostic accuracy in
diminutive, small, and large colorectal lesions
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1. Introduction

Colonoscopy is the most widely used screening method and has a protective role
against colorectal cancer [1,2]. However, this role is far from complete, since neoplastic
lesions (NLs) can be missed even during colonoscopy with good bowel preparation or
adequate withdrawal time [3]; in fact, the reported adenoma miss rate varies from 2% to
25%, particularly for small and flat adenomas [4]. Advanced imaging technologies have
improved the adenoma detection rate (ADR), but the large number of lesions detected
calls for reliable real-time histological characterization, especially in diminutive and small
lesions, to permit tailored management based on the neoplastic risk, such as a “resect-
and-discard” or a “diagnose-and-leave” strategy for low-risk adenomas and hyperplastic
polyps (HPs) [5]. These strategies have been shown to improve the cost-effectiveness of
colorectal cancer screening, as documented in a study in which a Markov simulation model
was used [6]. To adopt such a strategy, the American Society for Gastrointestinal Endoscopy
(ASGE) Preservation and Incorporation of Valuable Endoscopic Innovations (PIVI) for the
real-time endoscopic assessment of the histology of diminutive and small colorectal polyps
recommends that a “diagnose-and-leave” strategy can be adopted for diminutive polyps
and should have a >90% NPV value for adenomas, while a “resect-and-discard” strategy
should require a >90% concordance between endoscopic characterization and histology
in all diminutive and small polyps throughout the colon [5]. The “resect-and-discard”
strategy for diminutive and small polyps based on the optical diagnosis was confirmed to
offer substantial cost savings without adversely affecting the surveillance interval in the
English Bowel Cancer Screening Programme (DISCARD 3 study) [7]. However, despite the
widespread opinion that detecting and removing diminutive and small lesions in the colon
may not have any significant clinical impact, some studies have found that some of these
lesions can have unfavorable histology [8–13].

The Kudo classification of glandular pit pattern has been found useful for predicting
lesion histology and distinguishing between neoplastic lesions (NLs) and non-neoplastic
lesions (non-NLs) [14,15], and is currently used during routine colonoscopy with digital
chromoendoscopy technologies, even if such a classification was established for surface
characterization using magnification endoscopy under the aid of chromoendoscopy (dye
staining). However, magnification is not commonly available. The glandular pit pat-
tern is best assessed and classified with advanced imaging technologies applied with
colonoscopy [16–18]. In the last years, artificial intelligence (AI) has been added to endo-
scopic imaging and has further improved the detection and characterization of colorectal
lesions via the real-time computer-aided detection (CADe) of any protruding mucosal
lesions. However, its performance is still suboptimal in the characterization of diminutive
and small lesions, as well as in the presence of Kudo’s type II pit pattern [19]. Moreover, AI
is expensive and not currently available in most endoscopy settings.

The aim of this retrospective study was, therefore, to assess the reliability of the
Kudo glandular pit pattern classification in the real-time differentiation between NLs
and non-NLs, in diminutive, small and large lesions, during colonoscopy with digital
chromoendoscopy (Pentax i-Scan technology), without magnification and AI, as occurs in
routine practice in most centers. Moreover, we aimed to assess its negative predictive value
(NPV) for adenomatous histology, specifically according to the ASGE-PIVI for diminutive
and small lesions [5].

2. Materials and Methods
2.1. Data Collection

Reports of consecutive routine colonoscopies performed with i-Scan imaging tech-
nology (PENTAX-HOYA Corporation, Tokyo, Japan) over a 12-month period were retro-
spectively analyzed. Only colonoscopies with at least one resected mucosal lesion with
Kudo’s glandular pit pattern classification were considered for this study, and findings
were compared with the histology. Data were collected from a computerized database
in which colonoscopy reports were inserted prospectively, according to an observational
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protocol approved by the institutional Medical Ethics Committee (Register of diagnostic
and therapeutic colonoscopies (HSR Reg/Colon). Data included patients’ main details
and family history of colorectal cancer, indication for colonoscopy (screening, diagnosis,
or surveillance), name of endoscopist, bowel preparation rating, whether the cecum was
reached, and the reason for failure if not, time of withdrawal from cecum to rectum (min-
utes), complications during or immediately after the procedure, description of lesions
with Paris classification for lesion morphology and Kudo’s classification for glandular pit
pattern, and histological diagnosis of resected lesions. All patients gave informed consent
for the procedures and use of data for scientific purposes.

2.2. Endoscopic Procedures and Lesion Characterization

Colonoscopies and Kudo’s pit pattern assessments were performed by four expert
endoscopists, who had done 300–400 colonoscopies/year for at least 15 years and at
least 300 procedures with i-Scan definition. These experts were previously trained in the
glandular pit pattern evaluation reaching a moderate to good inter-observer agreement
(k = 0.446) [20], similarly to that reported later in 2017 using the Simplified Identification
Method for Polyp Labelling during Endoscopy (SIMPLE) (k = 0.46) [21].

All procedures were conducted using Pentax colonoscopes EC-3890FI (PENTAX-
HOYA Corporation, Tokyo, Japan) and EC 3870FZK (PENTAX-HOYA Corporation, Japan)
with high-definition (HD+) plus i-Scan and an EPKi processor (PENTAX-HOYA Corpo-
ration, Tokyo, Japan). The i-Scan imaging technology was a digital contrast method with
a light filter that used different software algorithms, with real-time image mapping em-
bedded in the EPKi processor. According to the current consensus [17,22], endoscopists
routinely employed three predefined i-Scan settings in their clinical practice as follows:
i-Scan 1 mode for lesion detection through surface enhancement (SE5) (PENTAX-HOYA
Corporation, Tokyo, Japan), i-Scan 2 mode for lesion characterization combining SE and
tone enhancement (SE4TEc) (PENTAX-HOYA Corporation, Tokyo, Japan), and i-Scan
3 mode for lesion demarcation adding contrast enhancement to the endoscopic image
(SE4cCE2) (PENTAX-HOYA Corporation, Tokyo, Japan). By protocol, all colonoscopies
started with i-Scan 1 setting; when a lesion was identified, i-Scan 2 and 3 settings were
used to define its glandular pit pattern.

Lesions were grouped according to the size, Kudo’s glandular pit pattern classification,
and site. The lesion size was routinely estimated from the width of standard fully open
biopsy forceps (7 mm) and was classified as diminutive (≤5 mm), small (6–9 mm), or large
(≥10 mm). The glandular pit pattern was classified as type I, II, IIIL/IIIs/IV, or Vi/Vn,
according to Kudo’s classification (Figure 1) [14]. According to this classification, the
assessment of pit patterns was made by comparison with the surrounding normal mucosa
(type I): in type II, the pits are star-shaped and slightly larger than in type I, or open-shape
and larger in the II-O subtype, histologically corresponding to HPs and serrated adenomas,
respectively; in type III, the pits are elongated (IIIL) or round and smaller (IIIs) than those
in type I, histologically corresponding to adenomas with low-grade to severe-grade focal
dysplasia; in type IV, the pits are elongated and dendritic, reflecting villous elements within
the lesion; in type V, the pits are various and irregularly distributed within the lesion (Vi),
or deconstructed (Vn), histologically corresponding to high-grade dysplasia and cancer
foci, respectively [14]. Lesions in the cecum, and ascending and transverse colon were
defined as lesions of the “right colon”, whereas those in the descending and sigmoid colon
and rectum as lesions of the “left colon”.

All the resected lesions were analyzed in the pathology unit of the same institute
by highly experienced pathologists, with a standardized technique of preparation and
histological analysis of the specimens.
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Figure 1. Kudo’s glandular pit pattern classification (from authors’ cases). (A) Type I pit pattern,
with normal round pits (i-Scan 3 setting); (B) type II pit pattern, with asteroid, stellar or papillary pits
(i-Scan 2 setting); (C) type IIIL/s pit pattern, with tubular or round pits (i-Scan 3 setting); (D) type IV,
with dendritic or gyrus-like pits (i-Scan 2 setting); (E) type Vi pit pattern, with irregular arrangement
(i-Scan 3 setting); (F) type Vn pit pattern, with loss of glandular structure (i-Scan 2 setting).

2.3. Study Endpoints and Statistical Analysis

The endpoints of the study were (i) the diagnostic accuracy of Kudo’s glandular pit
patterns, as assessed with an i-Scan, in the three groups of lesions (diminutive, small,
and large), in differentiating between non-NLs (HPs) and NLs (conventional/serrated
adenomas and adenocarcinomas) and (ii) the NPV for adenomatous histology, taking the
histology as reference.

Assessment of data normality was made through the D’Agostino–Pearson test. Fisher’s
exact or the chi-squared χ2 test was used to compare frequencies. Diagnostic accuracy
and NPV with 95% confidence intervals (95% CIs) of Kudo’s glandular pit patterns were
determined with a diagnostic test evaluation calculator and are expressed as percentages.
The CIs for sensitivity, specificity and accuracy are “exact” Clopper–Pearson CIs; those
for the predictive values are standard logit CI, as given by Mercaldo et al. [23], except
when the predictive value was 0 or 100%, in which case Clopper–Pearson CIs are reported.
Differences were considered significant at two-sided p < 0.05. Data were analyzed with
MedCalc version 19.7 (MedCalc Statistical Software Ltd., Ostend, Belgium).

3. Results
3.1. Overview of Colorectal Lesions

This study included 2230 colorectal lesions, resected in 1358 consecutive colonoscopies,
characterized with Kudo’s glandular pit pattern classification. Of these, 40.3% were diminu-
tive, 31.6% small, and 28.1% large. Small and large lesions were predominant in the right
colon (55.7% and 54.9% vs. 44.3% and 45.1% in the left colon), while diminutive lesions
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were evenly distributed in the right and left colon (52.1% and 47.9%). Kudo’s glandular pit
pattern was recognized as type I in 1.5%, type II in 41.2%, type IIIL/IIIs/IV in 54%, and type
Vi/Vn in 3.3% of lesions. Type I and II pit patterns were significantly recognized mostly
among diminutive lesions (90.9% and 52.45%, respectively), while the type IIIL/IIIs/IV
pit pattern was identified mostly among small lesions (35.2%). The type Vi/Vn pit pattern
was detected in all large lesions (93.2%) but also in 6.85% of small lesions and absent in
diminutive ones (Table 1).

Table 1. Colorectal lesions overview correlation between lesion size, site, and Kudo’s glandular pit
pattern classification.

Site of Lesions Size of Lesions p-Value

≤5 mm,
N. (%)

6–9 mm,
N. (%)

≥10 mm,
N. (%)

Total,
N. (%)

Left vs. Right
Colon ≤ 5 mm

Left vs. Right
Colon 6–9 mm

Left vs. Right
Colon ≥ 10 mm

Right colon,
N. (%)

468
(52.12)

392
(55.68)

345
(54.94)

1205
(54.04)

0.072 <0.0001 0.0005
Left colon,

N. (%)
430

(47.88)
312

(44.32)
283

(45.06)
1025

(45.96)

Kudo glandular
pit pattern Size of lesions p-value

≤5 mm,
N. (%)

6–9 mm,
N. (%)

≥10 mm,
N. (%)

Total,
N. (%)

≤5 mm vs. 6–9
mm

6–9 mm vs.
≥10 mm

≤5 mm vs. ≥10
mm

Type I,
N. (%)

30
(90.9)

3
(9.09) 0 33

(1.48) <0.0001 0.025 <0.0001

Type II,
N. (%) 482 (52.45) 272

(29.6) 165 (17.95) 919
(41.21) <0.0001 <0.0001 <0.0001

Type IIIs/IIIL/IV,
N. (%) 386 (32.03) 424 (35.19) 395 (32.78) 1205

(54.04) <0.0001 0.0001 0.647

Type Vi/Vn,
N. (%) 0 5

(6.85)
68

(93.15)
73

(3.27) 0.016 <0.0001 <0.0001

Total, N. (%) 898 (40.27) 704 (31.57) 628 (28.16) 2230

At histological diagnosis, 13.2% of lesions were serrated HPs, 80.8% were adenomas
(of these, 13.9% were traditional serrated adenomas (TSAs) or sessile serrated adeno-
mas/polyps (SSA/ps) and 66.95% were conventional adenomas (Cas)), and 3.3% were
adenocarcinomas (ADKs). The remaining specimens had normal mucosa. HPs and TSA-
SSA/ps were found mostly among diminutive lesions (81.3% and 54.7%, respectively); CAs
were significantly prevalent among small and large lesions (37.4% and 33.7%, respectively)
(Table 2).

Kudo’s type I pit pattern was reported in 49.2% of cases with normal mucosa at
histology. The type II pit pattern was significantly reported mostly among HPs (81.97%), in
35.85% of adenomas (serrated and conventional), and in one case of 6–9 mm ADK (1.37%)
(p < 0.0001) (Figure 2). Among adenomas, the type II pit pattern was reported in 86.6%
of serrated adenomas. In the right colon, it was prevalent in NLs (87.39%; p < 0.0001 vs.
12.61% of non-NLs), whereas in the left colon, it was evenly distributed between non-NLs
and NLs (47.86% and 52.14%, respectively). The type IIIL/IIIs/IV pit pattern was prevalent
in adenomas (95.6%%) but also seen in 4.39% of HPs (p < 0.0001). The rates of non-NLs and
NLs recognized as type IIIL/IIIs/IV were similar between the right and left colon (4.46%
and 4.32%, respectively, and 95.54%% and 95.67%, respectively). The type Vi/Vn pit pattern
was recognized in all ADKs (98.6%) and in one 6–9 mm adenoma (1.37%) (p < 0.0001); it
was found mostly in the right colon (63.01% vs. 36.99% in the left colon, p = 0.002).
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Table 2. Histological diagnoses of colorectal polyps and correlation between histology and lesion size.

Histology of Lesions Size of Lesions p-Value

≤5 mm,
N. (%)

6–9 mm,
N. (%)

≥10 mm,
N. (%)

Total,
N. (%)

≤5 mm vs.
6–9 mm

6–9 mm vs.
≥10 mm

≤5 mm vs.
≥10 mm

Normal mucosa, N. (%) 59 (96.72) 2 (3.28) 0 61 (2.74) <0.0001 0.083 <0.0001

Serrated non-neoplastic (HPs),
N. (%) 239 (81.29) 54 (18.37) 1 (0.34) 294 (13.18) <0.0001 <0.0001 <0.0001

Serrated adenomas
(TSA-SSA/p),

N. (%)
169 (54.69) 84 (27.18) 56 (18.12) 309 (13.86) <0.0001 0.0008 <0.0001

Conventional adenomas
(tubular, villous, tubulo-villous),

N. (%)
431 (28.87) 559 (37.44) 503 (33.69) 1493 (66.95) <0.0001 0.015 0.0009

Adenocarcinomas, N. (%) 0 5 (6.85) 68 (93.15) 73 (3.27) 0.003 <0.0001 <0.0001

Total, N. (%) 898 (40.27) 704 (31.57) 628 (28.16) 2.230

TSA: traditional serrated adenoma; SSA/p: sessile serrated adenomas/polyp.
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Figure 2. Endoscopic images of polyps classified at optical diagnosis as type II glandular pit pattern
showing different histological diagnoses. (A) Hyperplastic polyp. (B) Sessile serrated adenoma.

3.2. Diagnostic Accuracy of Real-Time Characterization in Diminutive Polyps

Among the diminutive polyps, normal mucosa, HPs and adenomas (serrated and
conventional) were found in 6.57%, 26.61%, and 66.82% of specimens, and neither high-
grade dysplasia nor ADKs were found. HPs were found mostly in the left colon (42.3% vs.
12.2% of lesions in the right colon, p < 0.0001); adenomas were found mostly in the right
colon (84.6% vs. 47.4% of lesions in the left colon, p < 0.0001) (Table 3).



Gastrointest. Disord. 2024, 6 667

Table 3. Correlation between lesion size, Kudo’s glandular pit pattern classification, and histology in
the left and right colon in diminutive polyps (≤5 mm).

Size of
Lesions

Site of
Lesions

Kudo
Glandular
Pit Pattern

Normal
Mucosa,
N. (%)

HPs, N.
(%)

Adenomas
(TSA-SSA/p,

Conven-
tional), N. (%)

ADKs,
N.

(%)

Total, N.
(%) p-Value

Normal
Mucosa vs.

Lesions

HPs vs.
Adeno-

mas

HPs vs.
Adenomas-

ADKs

Adenomas
vs. ADKs

≤5 mm

Left
colon

Type I, N.
(%) 21 (100) 0 0 0 21 (4.88) <0.0001 − − −

Type II, N.
(%) 23 (8.69) 174

(65.66) 68 (25.66) 0 265
(61.63) <0.0001 <0.0001 <0.0001 <0.0001

Type
IIIs/IIIL/IV,

N. (%)
0 8 (5.56) 136 (94.44) 0 144

(33.49) <0.0001 <0.0001 <0.0001 <0.0001

Type Vi/Vn,
N. (%) 0 0 0 0 0 − − − −

Total, N. (%) 44 (10.23) 182
(42.33) 204 (47.44) 0 430

(47.88)

Right
colon

Type I, N.
(%) 8 (88.89) 0 1 (11.11) 0 9 (1.92) 0.001 0.317 0.317 0.317

Type II, N.
(%) 7 (3.23) 45

(20.74) 165 (76.04) 0 217
(46.37) <0.0001 <0.0001 <0.0001 <0.0001

Type
IIIs/IIIL/IV,

N. (%)
0 12 (4.96) 230 (95.04) 0 242

(51.71) <0.0001 <0.0001 <0.0001 <0.0001

Type Vi/Vn,
N. (%) 0 0 0 0 0 − − − −

Total, N. (%) 15 (3.21) 57
(12.18) 396 (84.62) 0 468

(52.12)

Grand
Total, N.

(%)
59 (6.57) 239

(26.61) 600 (66.82) 0 898

HPs: hyperplastic polyps; TSAs: traditional serrated adenomas; SSA/p: sessile serrated adenomas/polyp; ADKs:
adenocarcinomas.

The type I pit pattern was found in 9.7% and 0.3% of non-NLs (normal mucosa) and
NLs (one serrated adenoma) (p < 0.0001). The type II pit pattern was found in 83.27% and
38.8% of non-NLs and NLs (p < 0.0001); in the right colon, it was prevalent in adenomas
(70.04% vs. 20.74% in HPs, p < 0.0001); in the left colon, it was prevalent in HPs (65.66%
vs. 25.66% in adenomas, p < 0.0001). The type IIIL/IIIs/IV pit pattern was found in 8.37%
and 61% of non-NLs and NLs (p < 0.0001), being more prevalent in adenomas compared to
HPs; this pit pattern was found evenly distributed in the right and left colon between NLs
and non-NLs (95.04% and 4.96% vs. 94.4% vs. 5.55%, respectively) (Table 3).

The overall diagnostic accuracy of type II and type IIIL/IIIs/IV pit patterns in dis-
tinguishing non-NLs vs. NLs in diminutive lesions was 62.55% (95% CI: 58.9% to 66.1%)
and 71.51% (95% CI: 58.9% to 66.1%), with an NPV for neoplastic histology of 84.52% (95%
CI: 79.9% to 88.23%) and 92.13% (95% CI: 88.33% to 94.76%), respectively. In diminutive
polyps, the NPV for neoplastic histology achieved the ASGE-PIVI-recommended 90% NPV
threshold for differentiation between NLs and non-NLs only for lesions with the Kudo
type IIIL/IIIs/IV glandular pattern.

3.3. Diagnostic Accuracy of Real-Time Characterization in Small Polyps

Among the small polyps, normal mucosa, HPs, adenomas (serrated and conventional),
and adenocarcinomas were found in 0.3%, 7.7%, 91.3%, and 0.7% of specimens. HPs,
adenomas, and adenocarcinomas represented 6.4% and 9.3%, 92.6% and 89.7%, and 0.8%
and 0.6% of the lesions in the right and left colon, respectively (Table 4). High-grade
dysplasia was reported in six adenomas (0.9%), all with a type IIIL/IIIs/IV pit pattern.
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Table 4. Correlation between lesion size, Kudo’s glandular pit pattern classification, and histology in
the left and right colon in small polyps (6–9 mm).

Size of
Lesions

Site of
Lesions

Kudo
Glandular
Pit Pattern

Normal
Mucosa,
N. (%)

HPs, N.
(%)

Adenomas
(TSA-SSA/p,

Conven-
tional), N. (%)

ADKs,
N.

(%)

Total, N.
(%) p-Value

Normal
Mucosa vs.

Lesions

HPs vs.
Adeno-

mas

HPs vs.
Adenomas-

ADKs

Adenomas
vs. ADKs

6–9 mm

Left
colon

Type I, N.
(%) 1 (50) 0 1 (50) 0 2 (0.64) 1.00 0.317 0.317 0.317

Type II, N.
(%) 0 14

(14.89) 79 (84.04) 1
(1.06) 94 (30.13) <0.0001 <0.0001 <0.0001 <0.0001

Type
IIIs/IIIL/IV,

N. (%)
0 15 (7.01) 199 (92.99) 0 214

(68.59) <0.0001 <0.0001 <0.0001 <0.0001

Type Vi/Vn,
N. (%) 0 0 1 (50) 1 (50) 2 (0.64) 0.083 0.317 0.083 1000

Total, N. (%) 1 (0.32) 29 (9.29) 280 (89.74) 2
(0.64)

312
(44.32)

Right
colon

Type I, N.
(%) 0 0 1 (100) 0 1 (0.26) 0.317 0.317 0.317 0.317

Type II, N.
(%) 1 (0.56) 7 (3.93) 170 (95.5) 0 178

(45.41) <0.0001 <0.0001 <0.0001 <0.0001

Type
IIIs/IIIL/IV,

N. (%)
0 18 (8.57) 192 (91.43) 0 210

(53.57) <0.0001 <0.0001 <0.0001 <0.0001

Type Vi/Vn,
N. (%) 0 0 0 3

(100) 3 (0.77) 0.025 − 0.025 0.025

Total, N. (%) 1 (0.26) 25 (6.38) 363 (92.6) 3
(0.77)

392
(55.68)

Grand
Total, N.

(%)
2 (0.28) 54 (7.67) 643 (91.34) 5

(0.71) 704

HPs: hyperplastic polyps; TSA: traditional serrated adenoma; SSA/p: sessile serrated adenomas/polyp; ADK:
adenocarcinoma.

The type I pit pattern was found only in three cases (one normal mucosa, two serrated
adenomas). The type II pit pattern was found in 84.6% and 41.5% of non-NLs and NLs
(p < 0.0001), all HPs and adenomas, but with one case of normal mucosa in the right colon
and one case of ADK in the left colon. This pattern was found in 45.4% and 30.13% of
lesions in the right and left colon (p < 0.0001): HPs mostly in the left colon (4.49% vs. 1.79%
in the right colon, p = 0.037) and adenomas (mostly conventional) mostly in the right colon
(43.37% vs. 25.32% in the left colon, p < 0.0001). The type IIIL/IIIs/IV pit pattern was found
in 58.93% and 60.34% of non-NLs and NLs (p = 0.836). The rates of non-NLs and NLs were
similar in the right and left colon (p = 0.549) (Table 4).

The overall diagnostic accuracy of the type II and type IIIL/IIIs/IV pit patterns in
distinguishing non-NLs vs. NLs was 60.67% (95% CI: 56.91% to 64.34%) and 69.51% (95%
CI: 66.43% to 72.47%), with an NPV for neoplastic histology of 94.71% (95% CI: 92.94% to
96.06%) and 88.42% (95% CI: 88.47 to 91.47%), respectively. In contrast with diminutive
polyps, in small polyps, the Kudo classification of the glandular pit pattern achieved the
ASGE-PIVI-recommended 90% NPV threshold for the differentiation between NLs and
non-NLs only for lesions showing a Kudo type II pit pattern but not for the type IIIL/IIIs/IV
pit pattern.

The type Vi/Vn pit pattern was found mostly in ADKs (80%), and, in one case of
adenoma, with a diagnostic accuracy of 99.7% (95% CI: 99.18% to 99.98%) and an NPV for
neoplastic histology of 99.9% (95% CI: 98.97% to 99.97%).

3.4. Diagnostic Accuracy of Real-Time Characterization in Large Polyps

Among the large polyps, HPs, adenomas (serrated and conventional) and ADKs
were found in 0.2%, 89% and 10.8% of specimens, while no normal mucosa was found.
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Adenomas were evenly distributed in the right and left colon (87.5% vs. 90.8%, respectively),
as well as ADKs (12.5% in the right colon and 8.8% in the left colon) (Table 5). High-grade
dysplasia was reported in 41 adenomas (7.3%).

Table 5. Correlation between lesion size, Kudo’s glandular pit pattern classification, and histology, in
the left and right colon, in large polyps (≥10 mm).

Size of
Lesions

Site of
Lesions

Kudo
Glandular Pit

Pattern

Normal
Mucosa,
N. (%)

HPs, N.
(%)

Adenomas
(TSA-SSA/p,

Conven-
tional), N. (%)

ADKs,
N.

(%)

Total, N.
(%) p-Value

Normal
Mucosa vs.

Lesions

HPs vs.
Adeno-

mas

HPs vs.
Adenomas-

ADKs

Adenomas
vs. ADKs

≥ 10 mm

Left
colon

Type I, N. (%) 0 0 0 0 0 − − − −

Type II, N. (%) 0 1 (1.19) 83 (98.81) 0 84 (29.68) <0.0001 <0.0001 <0.0001 <0.0001

Type
IIIs/IIIL/IV, N.

(%)
0 0 174 (100) 0 174

(61.48) <0.0001 <0.0001 <0.0001 <0.0001

Type Vi/Vn, N.
(%) 0 0 0 25

(100) 25 (8.83) <0.0001 − <0.0001 <0.0001

Total, N. (%) 0 1 (0.35) 257 (90.81) 25
(8.83)

283
(45.06)

Right
colon

Type I, N. (%) 0 0 0 0 0 − − − −

Type II, N. (%) 0 0 81 (100) 0 81 (23.48) <0.0001 <0.0001 <0.0001 <0.0001

Type
IIIs/IIIL/IV, N.

(%)
0 0 221 (100) 0 221

(64.06) <0.0001 <0.0001 <0.0001 <0.0001

Type Vi/Vn, N.
(%) 0 0 0 43

(100) 43 (12.46) <0.0001 − <0.0001 <0.0001

Total, N. (%) 0 0 302 (87.54) 43
(12.46)

345
(54.94)

Grand
Total, N.

(%)
0 1 (0.16) 559 (89.01) 68

(10.83) 628

HP: hyperplastic polyp; TSA: traditional serrated adenoma; SSA/p: sessile serrated adenomas/polyp; ADK:
adenocarcinoma.

The type II glandular pit pattern was found only in one HP in the left colon and in
26.16% of NLs (p < 0.0001), all adenomatous, and evenly distributed between the right and
left colon (49.1% and 50.9%, respectively). The type IIIL/IIIs/IV pit pattern was found only
in NLs (62.99%) and absent in non-NLs (p < 0.0001); it was evenly distributed in the right
and left colon (64.06% and 61.48%, respectively) (Table 5).

The overall diagnostic accuracy of the type II and type IIIL/IIIs/IV pit patterns in
distinguishing non-NLs vs. NLs was 70.69% (95% CI: 66.75% to 74.45%) and 100% (95% CI:
99.41% to 100%), with an NPV for neoplastic histology of 100% (95% CI: 99.07% to 100%)
and 100% (95% CI: 98.43% to 100%), respectively.

The type Vi/Vn pit pattern was found only in ADKs, which were prevalent in the right
colon (63.2%; p = 0.002), with a diagnostic accuracy and an NPV for neoplastic histology of
100% (95% CI: 99.22% to 100%) and 100% (95% CI: 99.10% to 100%), respectively.

The diagnostic accuracy in differentiation between non-NLs and NLs and the NPV
for neoplastic histology of Kudo types II, IIIL/IIIs/IV, and Vi/Vn glandular pit patterns in
diminutive, small, and large colorectal lesions are summarized in Table 6.
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Table 6. Diagnostic accuracy in differentiation between non-neoplastic and neoplastic histology and
negative predictive value for neoplastic histology of Kudo type II, IIIs/IIIL/IV, and Vi/Vn glandular
pit patterns, in diminutive (≤5 mm), small (6–9 mm), and large (≥10 mm) colorectal lesions.

Kudo’s Glandular Pit
Pattern

Size of Lesions

≤5 mm 6–9 mm ≥10 mm

Type II
Diagnostic accuracy

(95% CI) 62.55% (58.9 to 66.1) 60.67% (56.91 to 64.34) 70.69% (66.75 to 74.45)

NPV (95% CI) 84.52% (79.9 to 88.23) 94.71% (92.94 to 96.06) 100% (99.41 to 100)

Type IIL/IIIs/IV

Diagnostic accuracy
(95% CI) 71.51% (58.9 to 66.1) 69.51% (66.43 to 72.47) 100% (98.43 to 100)

NPV (95% CI) 92.13% (88.33 to 94.76) 88.42% (88.47 to 91.47) 100% (99.41 to 100)

Type Vi/Vn

Diagnostic accuracy
(95% CI) - 99.7% (99.18 to 99.98) 100% (99.1 to 100)

NPV (95% CI) - 99.9% (98.97 to 99.97) 100% (99.22 to 100)

NPV: negative predictive value.

4. Discussion

A real-time classification system that distinguishes lesions as neoplastic or non-
neoplastic, especially in presence of diminutive and small polyps, could offer a significant
diagnostic advantage in clinical practice, enabling the endoscopist to decide which lesions
need to be resected and sent for histopathological diagnosis, which ones could be resected
and discarded, and which do not need to be resected at all.

However, up to 16% of adenomas ≤ 10 mm have been reported to have high-grade
dysplasia, and 0.3% to 0.5% were ADKs [8,9]. Another study reported that small depressed
colorectal lesions had up to a 40% chance of submucosal invasion [10]. Serrated adenomas
are found mostly among small and diminutive lesions and harbor dysplasia in 3.7–42.9% of
cases, accounting for up to 30% of colorectal cancer, as reported in systematic reviews [11,12].
Serrated adenomas proximal to the splenic flexure had the highest risk of cancer (OR:
12.42) [13]. Therefore, identifying and characterizing more lesions ≤ 10 mm may improve
colorectal cancer prevention, because diminutive and small or flat lesions play a major role
in the polyp miss rate and may cause interval cancers after screening colonoscopy.

The Kudo classification of glandular pit pattern makes it easier to distinguish NLs
from non-NLs. A meta-analysis including 20 studies with a total of 5111 colorectal lesions
showed a pooled sensitivity and specificity of 89.0% and 85.7% for the differentiation of
NLs and non-NLs; the addition of chromoendoscopy yielded a sensitivity and specificity
of 92.7% and 87.3% [24]. With unmagnified colonoscopy, Kudo’s pit pattern classification
was reported to have a diagnostic accuracy of 82% in the differentiation between non-NLs
and NLs [25]. However, defining the NPV for adenomatous histology according to PIVI
recommendations can be difficult for diminutive and small polyps, especially in presence
of = Kudo’s type II glandular pit pattern, which includes both serrated hyperplastic and
adenomatous polyps, so that the differentiation between non-neoplastic and neoplastic
histology remains challenging. In some studies, a review of polyps previously labeled
as hyperplastic led to significant numbers being reclassified as adenomas [26,27], and in
another study looking at long-term risk of colorectal cancer, 25% of serrated lesions could
not be classified by pathology [28]. The Workgroup for Serrated Polyps and Polyposis
(WASP) classification proposes validated endoscopic criteria for differentiating HPs and
SSLs-TSAs; however, its accuracy in differentiating hyperplastic from serrated histology in
diminutive lesions was not established [29]. The HiScope study proved i-Scan effective in
the in vivo characterization of small polyps, fulfilling the ASGE performance thresholds
for the assessment of diminutive colorectal polyps but only in a few lesions [30]. In
a prospective multicenter study, i-Scan, associated with optical enhancement (OE) in
diminutive polyps, showed an overall accuracy of 90% for histology prediction with
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sensitivity, specificity, positive, and negative predictive values, respectively, of 91%, 90%,
86%, and 94% [31]. Another study confirmed the high real-time diagnostic accuracy
of i-Scan + OE for diminutive adenomas but not for serrated lesions [32]. The recent
introduction of artificial intelligence further improved the characterization of lesions by
implementing the ASGE-PIVI paradigm. However, most published data are based on small
studies at tertiary care centers, with relatively small numbers of images used for the AI
model’s training set, with possible biases in selection and randomization; moreover, CADe
is currently unavailable in most endoscopic centers [11]. Convolutional neural network
(CNN) training and validation achieved an overall accuracy of 94% for distinguishing
adenomas and serrated polyps and a 97% NPV for adenomas in diminutive polyps [33].
However, again, this training method was adopted experimentally only in a single center.

We analyzed the diagnostic accuracy and the NPV for the neoplastic histology of
Kudo’s glandular pit pattern, assessed with i-Scan digital chromoendoscopy, in diminutive,
small, and large colorectal polyps during routine colonoscopy and outside of prospective
studies. The present study very likely reflects the reliability of Kudo’s pit pattern in the
differentiation between non-NLs and NLs in real life and covers the largest series of lesions
so far on this topic.

Kudo’s type II pit pattern was prevalent in diminutive polyps and recognized mostly
in HPs (83.27%); however, it was also found in about 33% and 41% of adenomas, in the
left and right colon, respectively. Among the serrated lesions, it was evenly distributed
between HPs and adenomas. In the right colon, this pit pattern was associated mainly
with adenomas, while in the left colon, it was prevalent in HPs. In small polyps, this pit
pattern was found in 84.6% and 41.5% of non-NLs and NLs, associated with adenomatous
histology with similar frequencies in both the right and left colon, and evenly distributed
between HPs and serrated adenomas (58.9% and 41.1%, respectively). In large polyps, it
was found only in one HP and in about one-third of NLs, all adenomatous, and evenly
distributed between the right and left colon: such a high rate of the type II pit pattern in
NLs very likely accounts for serrated adenomas. The NPV for adenomatous histology was
84.5%, 94.7%, and 100% in diminutive, small, and large polyps, respectively.

Kudo’s type IIIL/IIIs/IV pit pattern was prevalent in NLs (61% vs. 8.7% of non-NLs)
in diminutive polyps and evenly distributed with a similar rate in the right and left colon.
In contrast, among small polyps, this pit pattern was found equally distributed between
non-NLs and NLs (58.93% and 60.34%, respectively); these rates were maintained in both
the right and left colon. In large polyps, the IIIL/IIIs/IV pit pattern was found only in
NLs and absent in non-neoplastic ones; it was prevalent in the right colon. The NPV
for adenomatous histology was 92.1%, 88.4%, and 100% in diminutive, small, and large
polyps, respectively.

Kudo’s type Vi/Vn glandular pit pattern was correctly identified all but one ADK,
independent of the size, with a diagnostic accuracy of 99.7% and 100% and an NPV for
neoplastic histology of 99.9% and 100% in small and large lesions, respectively. This pit
pattern was recognized in one small adenoma too.

Our data showed that Kudo’s glandular pit pattern classification assessed using digital
chromoendoscopy without magnification did not allow the reliable differentiation between
non-NLs and NLs in diminutive and small polyps. In fact, the NPV for adenomatous
histology did not reach the recommended 90% threshold for differentiation between NLs
and non-NLs in diminutive polyps with a Kudo type II pit pattern and in small polyps with
a type IIIL/IIIs/IV pit pattern. Serrated lesions, which include both HPs and adenomas,
may very likely account for the unsatisfactory NPV found in lesions smaller than 10 mm. In
diminutive polyps with a type II pit pattern, an adenomatous histology was documented in
about 8% of specimens, allowing a low-confidence optical diagnosis characterization. Our
findings are confirmed by those of two other studies showing that the type II pit pattern is
seen not only in serrated but also in CAs [34,35]. In these lesions, a “diagnose-and-leave”
strategy could leave undetected adenomas in a high proportion of cases, even if the risk
of malignant transformation appears to be negligible. If such strategy is adopted, a closer
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follow-up should be scheduled for these patients. Moreover, a “resect-and-discard” strategy,
as suggested for diminutive polyps with high-confidence optical diagnosis characterization,
appears to be difficult to adopt because of the challenging assessment of pit pattern in
lesions ≤ 5 mm.

Among the small polyps showing a type II pit pattern, the level of confidence of optical
diagnosis characterization was higher, but the method could not correctly characterize one
case of ADK. In addition, in adenomas with a type IIIL/IIIs/IV pit pattern, high-grade
dysplasia was reported in about 1% of lesions. Thus, in these polyps, the level of confidence
of optical diagnosis was inadequate to identify advanced histology in some cases, so a
“resect-and-discard” strategy might miss lesions, although rare, that require a closer follow-
up in a short timeframe. If this strategy is adopted to reduce the work overload of the
pathology units and, in general, the costs of a colorectal cancer screening, as documented
in the DISCARD 3 study [7], closer monitoring should probably be considered, while in an
individual colonoscopy setting, the cost-effectiveness benefit should be balanced against
the risk of leaving unfollowed lesions with potential malignant evolution, which could
play a role in the occurrence of interval cancer.

The limitation of this study is being retrospective conducted in a single tertiary care
center, which potentially limit the broad applicability of the data. However, we analyzed
a large series of polyps that were evaluated by expert endoscopists trained in lesion
characterization and is one of the largest studies so far published on the diagnostic accuracy
of Kudo’s glandular pit patterns for the real-time characterization of diminutive and small
lesions in clinical practice during routine colonoscopy with digital chromoendoscopy.

In conclusion, based on our findings, all diminutive and small polyps should be
removed, independent of Kudo pit pattern. A “resect and discard” strategy could be
adopted for diminutive polyps of the left colon only within a colorectal cancer screening
program but not in an individual colonoscopy setting, while diminutive polyps in the
right colon, where adenomas are prevalent over hyperplastic polyps, and all small polyps
should be sent to a pathologist for histological characterization in order to reduce the risk
of leaving undetected adenomas.

However, further studies, prospective and multicenter, involving a larger number
of expert endoscopists and of colorectal polyps, with a standardized expertise in optical
diagnosis characterization, are required to validate our results. AI-assisted endoscopic tech-
nologies could give added value to these studies, although there is a gap between referral
centers in which AI will be routinely adopted and the endoscopic reality in nonreferral
centers, especially within the colorectal cancer screening programs proposed by the health
national authorities.
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