
Introduction
Sessile serrated lesions (SSL) may be responsible for up to 35%
of colorectal cancers (CRC) [1], through the so-called serrated
pathway [2]. Because of their morphologic characteristics,
they can be more easily missed or incompletely removed [3],
and some data suggest that progression to cancer may be
greatly accelerated when dysplasia is already present [4].

Therefore, SSL can be considered as an important group of pre-
malignant lesions and responsible for, at least, a proportion of
interval CRCs.

The resect and discard strategy relies on an accurate optical
differentiation between neoplastic and non-neoplastic lesions
[5]. Those diminutive lesions considered to be neoplastic
should be resected and discarded, while rectal lesions classified
as hyperplastic could be left in situ. Although in the first studies
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ABSTRACT

Background and study aims We aimed to describe the

presence and combination of Hazewinkelʼs optical diagno-

sis (OD) criteria for sessile serrated lesions (SSL), determin-

ing which lesion characteristics increase the probability of a

correct OD, with a focus on diminutive lesions.

Patients and methods This was a prospective study de-

scribing the presence of Hazewinkelʼs OD criteria for SSL in

lesions found in consecutive CRC screening colonoscopies.

The presence of each OD criterion and their diagnostic

combinations in SSL, related to the lesion’s NBI Internation-

al Colorectal Endoscopic (NICE) classification category, size,

and location, were described. The presence of two or more

optical criteria was considered diagnostic of SSL. The OD

was compared to pathology as the gold standard.

Results Seventy-nine SSLs (5.6%) were diagnosed. Cloud-

like appearance was the most prevalent OD criterion (35,

44.3%). OD criteria were more frequently identified in

NICE type 1, ≥10mm, and proximal lesions. Only 26 SLLs

fulfilled the OD criteria (sensitivity 32.9%, 95% CI 29.1%–

36.7%). The sensitivity for diminutive SSL was 14.7%, (95%

CI 11.9%–17.6%). Eighty-five lesions were optically diag-

nosed as SSL. However, only in 26 SSL was this the definitive

diagnosis (positive predictive value 30.6%, 95% CI 26.9%–

34.3%). Size >5mm and proximal location increased the

probability of a correct diagnosis. The overall accuracy of

the optical criteria was 92.0% (95% CI, 89.8%–94.2%).

Conclusions The Hazewinkelʼs optical criteria are not reli-

able for a positive diagnosis of SSL, particularly for diminu-

tive lesions.Supplementary material is available under

https://doi.org/10.1055/a-1293-7086
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evaluating this strategy in practice only adenomas were consid-
ered premalignant [6], today it is obvious that SSL should be in-
cluded in this category when implementing optical diagnosis
(OD) of colorectal polyps [7]. Therefore, a positive and reliable
method for the OD of SSL seems desirable.

Recently, four criteria for the OD of SSL using white light and
narrow-band imaging (NBI) without magnification have been
described. These are a cloud-like surface, indistinct borders, ir-
regular shape, and dark spots, belonging to the so-called Haze-
winkel’s criteria (▶Fig. 1) [8]. The presence of two or more of
these criteria allows for an OD of an SSL. Its combination with
the NICE (NBI International Colorectal Endoscopic) classifica-
tion conforming the WASP (Workgroup Serrated Polyps and
Polyposis) classification has been shown to accurately discrimi-
nate between adenoma, hyperplastic polyp, and SSL in a study
using still pictures [9]. One study has shown the ability of the
WASP classification to fulfill the PIVI (Preservation and Incor-
poration of Valuable Endoscopic Innovations) criteria in real
screening colonoscopies. However, the Hazewinkel’s criteria
seem to fall short in making a positive diagnosis of SSL because
of reduced sensitivity and positive predictive values (PPV) [10].
The reason for this is not clear because little is known about
how the specific Hazewinkel’s criteria and their combinations
are identified in colorectal lesions and specifically in SSL during
real colonoscopies and how lesion characteristics influence the
accuracy of OD.

This study aimed to describe in detail how the optical criteria
for SSL and their WASP diagnostic combinations are identified
in colorectal lesions; this is also to determine what lesion char-
acteristics increase the probability of correctly diagnosing an
SSL. We also aimed to determine the diagnostic performance
of the Hazewinkel’s criteria depending on lesion characteris-
tics, mainly focusing on diminutive lesions.

Patients and methods
This was a prospective study in which all individuals referred for
a colonoscopy to the Valencian CRC screening program be-
tween April 2017 and October 2018 were included. This pro-
gram is based on initial fecal immunochemical testing (FIT),
which is followed by a colonoscopy when a positive FIT is ob-
tained.

Endoscopists

Five endoscopists from one tertiary referral center participated
in the study, and all of them were experts in colonoscopy (ADR
>60%; more than 500 colonoscopies per year). They were all
aware of the NICE classification but were not experts in OD.
Therefore, all the participants attended a 30-minute classroom
didactic training session hosted by an endoscopist who was an
expert in optical diagnosis (MB). This session included an expla-
nation about the detection of serrated lesions, a description of
the WASP classification with individual comments on each opti-
cal criterion, and an explanation of the stepwise use of the NICE
classification, and the optical criteria for serrated lesions. Some
tips for recognizing dysplasia on a serrated lesion were also giv-
en, intended to avoid misdiagnosing an adenoma [11, 12]. Dur-

ing the same period of the study, the same expert in OD parti-
cipated in the CRC screening program as well. His performance
values were used as a benchmark for comparisons with each
learner’s performance, to verify the efficacy of the learning ses-
sion.

Colonoscopies

All examinations were performed with high-definition endo-
scopes (CF-H180AL, CF-H190AL) and processors (EVIS EXERA II
and EXERA III). All endoscopy suites were equipped with high-
definition LCD screens.

For all examinations, the maximum insertion depth and the
quality of the examination, in total and per segment, using the
Boston Bowel Preparation Scale (BBPS), were recorded. The size
(measuring the width of the lesion with an open biopsy for-
ceps), morphology (Paris classification) [13], and location of ev-
ery lesion (proximal vs distal) were also collected.

Optical and pathological diagnosis

A thorough washing of every lesion was advised, to eliminate
mucus and debris that may make OD difficult. Endoscopists
were asked to classify each lesion using the NICE classification
and then determine the presence of each one of the Hazewin-
kelʼs optical criteria for SSL. Following the initial Hazewinkelʼs
et al. [8] description, cloud-like appearance was defined as the
presence of a soft-looking nodular surface resembling a cumu-
lus cloud; indistinctive limits were defined as a vague demarca-
tion of the border of a lesion; irregular morphology was de-
scribed as an asymmetric shape, different to the regular oval
shape of conventional polyps; and black dots were described
as the presence of small dark dots inside the open crypts. The
presence of two or more criteria was considered diagnostic of
SSL. Other known optical criteria for SSL, like the presence of a
mucus cap, were not considered. No formal OD of SSL was de-
manded; therefore, no diagnostic confidence level was record-
ed. The ability to recognize dysplasia on SSL was not deter-
mined.

All lesions proximal to the rectosigmoid junction, irrespec-
tive of its optical appearance, were resected. The decision of re-
secting hyperplastic-looking diminutive rectal polyps was left
to the endoscopist. The lesions were removed by the usual
methods (biopsy forceps, cold snare, hot polypectomy, or

▶ Fig. 1 Examples of optical criteria for SSL diagnosis: a Cloud-like
appearance and irregular shape. b Cloud-like appearance and black
dots.
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endoscopic mucosal resection) at the discretion of the endos-
copist. Each lesion was placed in a separate jar to allow individ-
ual pathological analysis. Three expert GI pathologists reviewed
all the samples. For the pathological diagnosis of an SSL, the
presence of a unique architecturally distorted, dilated and/or
horizontally branched crypt, associated with inverted matura-
tion, would suffice [14]. Before beginning the study, to unify
the pathological diagnostic criteria for SSL, three voting rounds
among the participant pathologists took place, in which several
serrated lesions were reviewed until at least a moderate con-
cordance between pathologists (k =0.6) in the diagnosis of SSL
was obtained.

The OD of the lesions was compared with that of the final
pathological report to calculate diagnostic performance meas-
ures. If any lesions were lost before histopathological examina-
tion or an optical examination could not be performed, the le-
sion was excluded from the analysis.

Statistical methods

All data from patients, endoscopies, and lesions were prospec-
tively included in an anonymized data base. Continuous vari-
ables were described using median, range, and SD. Categorical
values were described using percentages. The frequency of ev-
ery combination of OD criteria for SSL among lesions with a
pathological diagnosis of SSL was recorded, overall, and related
to size, location, and previous NICE classification. Lesionʼs size
was categorized in lesions ≤5mm (diminutive lesions), lesions
between 6 and 9mm and lesions ≥10mm. Regarding location,
proximal lesions were considered when they were located prox-
imal to left colon. The frequency of SSLs among lesions fulfilling
the OD criteria was also recorded. The accuracy, sensitivity,
specificity, positive and negative predictive values, and positive
likelihood ratio were calculated, overall and for every endos-
copist. A multivariable analysis was performed to show which
variables (size, NICE classification, location) were related to a
greater probability of correctly identifying an SSL. Because one
patient can harbor several lesions and the lesions were inspec-
ted by the same endoscopist, for analysis purposes, the lesions
cannot be considered as truly independent.

Therefore, a random-effects logistic regression model with
distinguishable data should be used. The odds ratios (OR) were
estimated from the model and given with their 95% confidence
intervals (95% CI). All significance tests were two-tailed, and P
values < 0.05 were considered to be statistically significant.
STATA v. 14.0 software (Stata Corp., College Station, Texas,
United States) was used for the data analysis.

Ethical approval and role of the funding source

The study was reviewed and approved by the medical ethical re-
view board of the La Fe University Hospital (No. 2016/0477).
This is a nested study to one registered in ClinicalTrials.gov
(NCT03089268). All patients provided informed consent before
participating in the study. This study was partially funded by a
grant from the Spanish Society for Gastrointestinal Endoscopy
Foundation.

Results
In total, 438 patients, 209 women (47.7%), median (SD) age
62.1 years (5.9) and 552 colonoscopies were included. The
median BBPS was determined to be 7 (SD 1.8) [BBPS 0–5
102 (18.5%)]. The cecum was reached in 520 colonoscopies
(94.2%).

Polyp characteristics

Overall, 1493 lesions were evaluated, but 97 (6.5%) had to be
excluded because of the lack of pathological diagnosis (lost
sample, the sample was too small for analysis). Therefore,
only 1396 lesions were suitable for comparison. Most of the le-
sions were adenomas (72.2%), diminutive (64.3%), and sessile
(74.2%). Pathological diagnosis showed an SSL in 79 lesions
(5.7%). Most of these were diminutive (43.0%), sessile (59.5%),
and NICE type 1 (55.7%). No SSL showed high-grade dysplasia,
and 15 (19.0%) of SSL had low grade dysplasia. The main charac-
teristics of the lesions and the 79 SSL are presented in ▶Table1.

Primary outcome: frequency and distribution of the
optical diagnostic criteria for SSL

The individual optical criteria identified in the SSL were cloud-
like appearance in 35 (44.3%), indistinct borders 23 (29.1%), ir-
regular shape 21 (26.6%), and black dots in 10 (12.7%). The dis-
tribution of these criteria depending on the lesion’s characteris-
tics is depicted in ▶Fig. 2. Overall, OD criteria were more fre-
quently identified in NICE type 1 lesions, lesions > 10mm, and
proximal lesions. Regarding diminutive SSL, only 10 (29.4%)
had a cloud-like appearance, five (14.7%) had indistinct borders
or irregular shape, and only two (5.9%) had black dots (▶Fig. 2).

Focusing on the optical criteria combinations that are diag-
nostic of SSL, only 26 of the 79 SLL fulfilled the required combi-
nations (sensitivity 32.9%, 95% CI 29.1%–36.7%) (▶Table 2).
Cloud-like appearance+ irregular shape+ indistinct borders
and the full quartet were the most frequently detected combi-
nations (9/79, 11.4% each) (▶Table3). Cloud-like appearance
was present in all diagnostic combinations, but none of these
included the black dots, except for the quartet. The quartet
was most frequently found in NICE type 1, > 10mm, and proxi-
mal SSL. Only five of 34 diminutive SSLs (14.7%) had two or
more optical diagnostic criteria, none of them being the du-
plets (▶Table2).

In all, 85 lesions (6.1%) fulfilled the Hazewinkel’s criteria to
be diagnosed as an SSL. However, only 26 of them were ulti-
mately diagnosed as SSL (positive predictive value 30.6%, 95%
CI 26.9–34.3) (Supplementary Table1 ). The combinations
more predictive of SSL were cloud-like appearance+ indistinct
borders (5 /8, 62.5%) and the quartet (9/20, 45%). In diminu-
tive lesions, no duplet increased the probability of finding an
SSL (Supplementary Table1 ). Size > 5mm (OR 1.28, 95% CI
1.11–1.48), proximal location (OR 1.06, 95% CI 1.06–1.44),
but not NICE type 1 lesions (OR 1.06, 95% CI–1.09–1.24) in-
creased the probability of correctly diagnosing an SSL when a
positive OD was done.
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Secondary outcome: diagnostic performance of
Hazewinkel’s criteria

The overall accuracy of the OD criteria for an SSL diagnosis was
92.0%, 95% CI 89.8%–94.2%. Overall accuracy was found to be
significantly worse for NICE1 lesions than for NICE2 lesions
(84.2%, 95% CI 81.1%–86.9% vs 94.8%, 95% CI 93.3%–96.7%).
However, sensitivity and PPV were higher for NICE type 1 le-
sions (sensitivity 43.2%, 95% CI 39.2%–47.2% vs 23.3%, 95%
CI 19.9%–26.7% and PPV 40.4%, 95% CI 36.5%–44.4% vs
20.0%, 95% CI 16.8%–23.2%). Sensitivity and PPV were also
higher for > 10mm and proximal lesions. Regarding both di-

minutive and distal lesions, sensitivity and PPV dropped signif-
icantly (▶Table 3).

Quality of learning assessment

No significant differences between endoscopists in diagnostic
performance measures were detected. During the same period,
an examiner, who is an expert in OD, performed 168 colonosco-
pies, examining 570 lesions. The learner’s performance meas-
ures were similar to those of the expert in OD (endoscopist
no. 6) (Supplementary Table2 ). On the other hand, the overall
negative predictive value (NPV) for neoplastic (adenoma+SSL)
diminutive distal lesions was determined to be at 94.25%.

Discussion
Our study shows that the accuracy of the Hazewinkel’s criteria in
providing a positive diagnosis of SSL in real colonoscopies is in-
sufficient. Only 29 of 79 lesions (32.9%, 95% CI 29.1%–36.7%)
with a pathological diagnosis of SSL had two or more OD crite-
ria. In addition, only 26 lesions (30.6%, 95% CI 26.9%–34.3%)

▶Table 1 Lesion characteristics.

All lesions (n=1396) SSL (n=79)

n (%) n (%)

Pathology

▪ Adenoma 1008 (72.2) – –

▪ Hyperplastic  216 (15.5) – –

▪ SSL   79 (5.7) – –

▪ TSA   16 (1.1) – –

▪ Other/normal   77 (5.5) – –

Size (mm)

▪ 1–5  898 (64.3) 34 (43.0)

▪ 6–9  325 (23.3) 29 (36.7)

▪ 10–20  153 (11.0) 15 (19.0)

▪ 20–60   13 (1.0)  1 (1.3)

Morphology

▪ 0-Ip  132 (9.5)  1 (1.3)

▪ 0-Is 1036 (74.2) 47 (59.5)

▪ 0-IIa  181 (13.0) 18 (22.8)

▪ 0-IIb   15 (1.1)  8 (10.1)

▪ 0-IIa + IIc    1 (0.07) – –

▪ LST   19 (1.4)  5 (6.4)

Location

▪ Proximal  742 (53.1) 45 (57.0)

▪ Distal  651 (46.6) 34 (43.0)

NICE

▪ 1  335 (24.0) 44 (55.7)

▪ 2  963 (69.0) 29 (36.7)

▪ 3   17 (1.2)  1 (1.3)

▪ Undefined   11 (0.8)

SSL, sessile serrated lesion; NICE, NBI International Endoscopy Classification;
LST, lateral spreading tumor; TSA, traditional serrated adenoma.
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▶ Fig. 2 Frequency of each optical criterion for SSL depending on
lesion characteristics. a NICE classification. b Size. c Location.

Bustamante-Balén Marco et al. Evaluation of the… Endoscopy International Open 2021; 09: E14–E21 | © 2021. The Author(s). E17



fulfilling the WASP classification criteria for an SSL eventually
got that diagnosis. This situation is even worse for diminutive le-
sions (sensitivity 14.7%, 95% CI 11.9%–17.6%; PPV 14.3%, 95%
CI 11.5%–17.1%) (▶Table 3). Most of the diminutive SSL lacked
the optical criteria (▶Fig. 2).

Several studies have evaluated the sensitivity of SSL OD,
most of them using NBI plus magnification, showing values
ranging between 56% and 92% [15–19]. Despite the heteroge-
neity among studies, mainly due to different optical criteria for
the identification of SSL, different types of lesions evaluated,

▶Table 2 Distribution of optical diagnostic criteria in lesions with a final pathological diagnosis of SSL.

Overall

(n =79)

NICE type 1

(n=44)

NICE type 2/3

(n=29)

1–5mm

(n=34)

6–9mm

(n=29)

>10mm

(n=16)

Proximal

(n=45)

Distal

(n=651)

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Cloud-like
appearance
+ irregular
shape

 3 (3.8)  2 (4.55) 1 (3.4) 0 –  1 (3.4)  2 (12.5)  3 (6.7) 0 –

Cloud-like
appearance
+ indistinct
borders

 5 (6.3)  5 (11.4) 1 (0.10) 0 –  4 (13.8)  1 (6.2)  5 (11.1) 0 –

Cloud-like
appearance
+black dots

 0 –  0 – 0 – 0 –  0 –  0 –  0 – 0 –

Irregular
shape + in-
distinct bor-
ders

 0  0 – 0 – 0 –  0 –  0 –  0 – 0 –

Indistinct
borders +
black dots

 0 –  0 – 0 – 0 –  0 –  0 –  0 – 0 –

Irregular
shape +
black dots

 0 –  0 – 0 – 0 –  0 –  0 –  0 – 0 –

Cloud-like
appearance
+ irregular
shape + in-
distinct bor-
ders

 9 (11.4)  4 (9.1) 5 (17.2) 4 (11.8)  4 (13.8)  1 (6.2)  7 (15.6) 2 (5.9)

Cloud-like
appearance
+ irregular
shape +
black dots

 0 –  0 – 0 – 0  0 –  0 –  0 – 0 –

Irregular
shape + in-
distinct bor-
ders + black
dots

 0 –  0 – 0 – 0  0 –  0 –  0 – 0 –

Cloud-like
appearance
+ irregular
shape + in-
distinct bor-
ders + black
dots

 9 (11.4)  8 (18.2) 1 (3.4) 1 (2.94)  1 (3.4)  7 (43.7)  9 (20.0) 0 –

Total 26 (32.9) 19 (43.2) 7 (24.1) 5 (14.7) 10 (34.5) 11 (68.7) 24 (53.3) 2 (5.9)

SSL, sessile serrated lesion; NICE, NBI International Colorectal Endoscopic Classification.
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and disparate designs [20], it seems that magnification may be
partially responsible for these higher sensitivity values. With
magnification, other optical characteristics like vascular and
pit patterns become apparent, adding information that can
contribute in making a more accurate diagnosis. Equivalent
NBI studies without magnification are scarce, most coming
from the Dutch group, the designers of the WASP classification.
A retrospective study on still pictures, using the criteria later in-
corporated into the WASP classification, found a sensitivity of
89% [8]. However, two studies evaluated WASP classification
in real colonoscopies, showing a sensitivity of 42% and 74%
respectively, but only for diminutive lesions diagnosed with
high confidence [10, 21]. In one study, including diminutive le-
sions and small polyps, the overall sensitivity was determined
to be 53.3%, and the sensitivity for high-confidence diagnosis
was 56% [22]. In our study, as no specific diagnosis of SSL was
provided, the confidence in SSL diagnosis was not recorded.
This may partially explain our relatively low sensitivity values,
but a lack of reproducibility, being the only such study not per-
formed by the WASP developers, cannot be excluded. If positive
SSL diagnosis can be improved using pseudo-magnification sys-
tems like dual-focus from Olympus remains to be demonstrat-
ed.

Even less information is available about the specific perform-
ance of each of Hazewinkel’s criteria. In our study, the most fre-
quently found criterion was cloud-like appearance, which was
present in all diagnostic combinations. On the other hand, in
our sample, black dots, either alone or in combination with
other features, were only found in 12.7% of all lesions and
were never identified in SSL except for the quartet. Size may
have had some influence on this result because black dots
were more frequently identified in lesions ≥10mm than in
smaller lesions (4.8% vs. 43.7%, P=0.0001), and only 12% of
our sample was ≥10mm lesions. The presence of a mucus cap
may also hamper the identification of black dots. However, in
our protocol, every lesion was washed free of mucus and debris

before performing OD. Moreover, mucin seems more prevalent
in larger lesions [23], and, in our study, black dots were identi-
fied more easily in such lesions, going against a significant in-
fluence of mucus cap on the low prevalence of black dots in
SSLs. The absence of magnification could have also played a
role. Studies with magnification find black dots (expanded
crypt openings, pit pattern II-O) between 26% and 84% of SSL
[15–17, 23]. However, even with magnification, the II-O pat-
tern has been observed to change with time along with changes
in the shape of the lesion and the amount of mucus [24].

Despite these low values of sensitivity, the overall accuracy
was high (92.0%, 95% CI 89.9%–94.2%), due to a good capacity
to deal with lesions other than SSL. The specificity was 95.5%,
95% CI 93.9%–97.2%, and NPV was 95.6%, 95% CI 93.9%–
97.2%. Again, heterogeneity makes comparisons difficult.
Many NBI +magnification studies aimed to differentiate SLL
from hyperplastic polyps, and, as a consequence, the accuracy
was lower, ranging from 60% to 80% depending on the OD cri-
terion being evaluated [15–17]. In the Dutch CRC screening
program, the overall accuracy and NPV using the WASP classifi-
cation on small polyps were shown to be 86.8% and 96.9% [22],
which was similar to ours. The aforementioned study of Vleu-
gels et al. [10] showed an overall accuracy of 97.2% for diminu-
tive proximal lesions, but again only for high-confidence diag-
nosis.

The lesion characteristics influenced performance. Accura-
cy was better for NICE type 2 lesions (94.8%, 95% CI 93.3%–
96.7%) vs 84.2%, 95% CI 81.1%–86.9%). However, sensitivity
was better for NICE type 1 lesions (43.2%, 95% CI 39.2%–
47.2%), lesions≥10mm (68.7%, 95% CI 65.0%–72.5%), and
proximal lesions (53.3%, 95% CI 49.3%–57.3%). Similar results
were obtained for PPV. In multivariate analysis, the two main
characteristics related to a greater probability of a correct SSL
diagnosis were size ≥5mm and proximal location. Other stud-
ies have also identified size ≥10mm and proximal location as
risk factors for SSL [18]. Results concerning the relationship

▶Table 3 Performance measures for optical diagnosis of SSL depending on lesion characteristics.

Overall

(n =1396)

NICE type 1

(n=335)

NICE type 2 /3

(n=980)

1–5mm

(n=898)

6–9mm

(n=325)

>10mm

(n=166)

Proximal

(n=742)

Distal

(n=651)

Acc 92.0
(89.8–94.2)

84.2
(81.1–86.9)

94.8
(93.3–96.7)

93.4
(91.0–95.0)

89.5
(86.5–91.5)

88.5
(85.4–90.6)

91.9
(89.8–94.2)

92.0
(89.9–94.2)

S 32.9
(29.1–36.7)

43.2
(39.2–47.2)

23.3
(19.9–26.7)

14.7
(11.9–17.6)

34.5
(30.7–38.3)

68.7
(65.0–72.5)

53.3
(49.3–57.3)

5.9 (
4.0–7.8)

E 95.5
(93.9–97.2)

90.4
(88.0–92.7)

97.0
(95.7–98.4)

96.5
(95.1–98.0)

94.9
(93.2–96.7)

90.7
(88.3–93.0)

94.4
(92.6–96.2)

96.8
(95.3–96.2)

PPV 30.6
(26.9–34.3)

40.4
(36.5–44.4)

20.0
(16.8–23.2)

14.3
(11.5–17.1)

40.0
(36.1–43.9)

44.0
(40.0–48.0)

38.1
(34.2–42.0)

9.1
(5.8–10.2)

NPV 95.6
(93.9–97.2)

91.3
(89.1–93.6)

97.6
(96.3–98.8)

96.7
(95.2–98.1)

93.7
(91.7–95.6)

96.4
(95.0–97.3)

96.9
(95.5–98.3)

94.9
(92.1–95.9)

LR + 7.35
(6.4–8.4)

4.5
(3.8–5.3)

7.9
(6.1–10.2)

4.2
(3.1–5.7)

6.8
(5.3–8.7)

7.4
(6.0–9.0)

9.5
(8.3–11.0)

1.8
(1.1–2.9)

NICE, NBI International Colorectal Endoscopic Classification; Acc, accuracy; S, sensitivity; E, specificity; PPV, positive predictive value; NPV, negative predictive value;
LR+ , positive likelihood ratio; data are given as% (95% CI).
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between OD and NICE are scarce because many studies do not
describe the NICE status [15] or are performed exclusively in
NICE type 1 lesions [17].

In our sample of diminutive lesions, which comprised 34 of
the 79 SSLs (43%), the accuracy was similar to that seen with
larger lesions, but the sensitivity and PPV were much lower
(14.7%, 95% CI 11.9–17.6) and 14.3%, 95% CI 11.5–17.1)
respectively, (▶Table 3). Only 9% of proximal and 25% of distal
diminutive SSL were correctly identified. This may be due to the
low prevalence of Hazewinkel’s criteria in diminutive lesions.
The most prevalent criterion of the OD combination was
cloud-like appearance, and this was only present in 29.4% of
cases. These values are much lower than the ones reported
by Vleugels et al. [10] who showed a sensitivity and PPV of
52.4% and 40.7% respectively, for diminutive proximal lesions
diagnosed with high confidence. However, in this study, only
59.5% of diminutive lesions were diagnosed with high confi-
dence, a number much higher than recommended when ap-
plying the NICE classification. A very recent study from the
same group showed a 74% sensitivity in diminutive lesions di-
agnosed with high confidence. However, participant endos-
copists were a selected group who had to fulfill quality param-
eters to participate in the trial, and the percentage of lesions
diagnosed with high confidence was not provided [21].

The low accuracy in providing a positive diagnosis of SLL may
be of importance when it comes to applying the resect and dis-
card strategy because some diminutive neoplastic lesions will
be missed. Other approaches may be warranted to deal with di-
minutive lesions in a resect and discard background, for exam-
ple, by finding ways to improve the positive OD of SSL or con-
sidering all proximal lesions as adenomas [25].

This study had some limitations. First, probably because of
our strict pathological criteria, only 79 SSLs (34 diminutive)
were included, a relatively small sample. However, the studies
describing the Hazewinkelʼs criteria and the WASP classification
included a similar number of SSLs [8, 9] and so did most of the
magnification studies evaluating OD of SSLs [15]. Second, it
was developed with a learning background, with participant
endoscopists not being expert in OD. However, they were ex-
perienced endoscopists, and they used the NICE classification
daily. Following the teaching session, their diagnostic perform-
ance values were similar and also were equivalent to that of an
endoscopist expert in OD. Moreover, the final NPV for distal
neoplastic lesions of the whole group of endoscopists was
94.2, fulfilling the second PIVI criteria [5]. Third, since the
main aim of the study was to describe the behavior of the opti-
cal diagnostic criteria for SSL, a confidence level on a final diag-
nosis of SSL was not required. Therefore, diagnostic perform-
ance values may be lower than in other reports that considered
confidence levels. Fourth, this is a single-center study, which
may hamper extrapolation of results. However, the strict crite-
ria used for the design may ease reproducibility, provided that
experienced endoscopists perform the examinations.

The study had some strengths. First, because the pathologi-
cal review of serrated polyps tends to have a high interobserver
variability [26], we performed some diagnostic rounds among
our specialized gastrointestinal pathologist to achieve a moder-

ate to high level of concordance before beginning the study.
Second, our study population was consecutive FIT-positive pa-
tients from our CRC screening program, providing a homoge-
neous sample of patients.

Conclusion
In conclusion, Hazewinkel’s criteria for OD of SSL are not effec-
tive for a positive diagnosis, particularly in the case of diminu-
tive lesions. Most confirmed SSLs lacked the OD criteria. Al-
though diagnostic ability improves with size and proximal loca-
tion, it may not be accurate enough for reliable identification of
SSL. Different approaches to improve the OD of SSL are warran-
ted.
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