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Background: Narrow-band imaging (NBI) allows “in vivo”
classification of colorectal polyps. Objectives: We evaluated
the optical diagnosis by nonexpert community-based en-
doscopists in routine clinical practice, the impact of training,
and whether the endoscopists could achieve the threshold
for the “do not resect” policy. Methods: This was an observa-
tional study performed in two periods (P1 and P2). Endosco-
pists had no prior experience in NBI in P1 and applied the
technique on a daily basis for 1 year before participation in
P2. Lesions were classified by applying the NBI International
Colorectal Endoscopic (NICE) and Workgroup serrAted pol-
ypS and Polyposis (WASP) classifications, simultaneously.
Results: A total of 290 polyps were analyzed. The overall ac-
curacy of optical diagnosis was 0.75 (95% Cl 0.68-0.81) in P1,
with an increase to 0.82 (95% Cl 0.73-0.89) in P2 (p = 0.260).
The accuracy of the NICE/WASP classifications to differenti-
ate adenomatous from nonadenomatous histology was 0.78
(95% Cl 0.72-0.84) in P1 and 0.86 (95% Cl 0.77-0.92) in P2

(p = 0.164); assignments made with a high confidence level
achieved statistical significance (13% improvement, 95% Cl
3-22%; p = 0.022). The negative predictive value for adeno-
matous histology of diminutive rectosigmoid polyps was
81% (95% Cl 64-93%) and 80% (95% Cl 59-93%) in P1
and P2, respectively. Conclusions: Nonexpert endoscopists
achieved moderate accuracy for real-time optical diagnosis
of colorectal lesions with the NICE/WASP classifications. The
overall performance of the endoscopists improved after sus-
tained use of optical diagnosis, but did not achieve the stan-
dards for the implementation of the “do not resect” strategy.
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Resumo

Introducado: O narrow-band imaging (NBI) permite a clas-
sificacdo “in-vivo” dos pdlipos colo-rectais. Objectivos:
Avalidamos o diagnostico éptico na pratica clinica dia-
ria em endoscopistas da comunidade, sem experiéncia
préviaem NBI, o impacto do treino e se estes conseguiam
atingir o limiar da estratégia de “nao ressecar”. Métodos:
Estudo observacional, realizado em dois periodos (P1 e
P2). Os endoscopistas ndo apresentavam experiéncia
prévia em NBI em P1 e aplicaram a técnica diariamente
durante um ano antes da participacdo em P2. As lesbes
foram classificadas aplicando as classificacdes NBI Interna-
tional Colorectal Endoscopic (NICE) e Workgroup serrAted
polypS and Polyposis (WASP), simultaneamente. Resulta-
dos: Foram analisados 290 pélipos. A acuidade global do
diagnostico optico foi de 0.75 (IC 95%, 0.68-0.81) em P1,
aumentando para 0.82 (IC 95%, 0.73-0.89) em P2 (p =
0.260). A acuidade das classificacdes de NICE/WASP na
diferenciacdo de histologia adenomatosa de nao-adeno-
matosa foi de 0.78 (IC 95%, 0.72-0.84) em P1, e 0.86 (IC
95%, 0.77-0.92) em P2 (p = 0.164); as predi¢oes realizadas
com alto grau de confianca alcancaram significado es-
tatistico (melhoria de 13%, IC 95%, 3-22%; p = 0.022). O
valor preditivo negativo para histologia adenomatosa
dos pélipos diminutos recto-sigmadides foi de 81% (IC
95%, 64-93%) e 80% (IC 95%, 59-93%), em P1 e P2, respe-
tivamente. Conclusées: Endoscopistas sem experiéncia
em NBI alcancaram acuidade moderada no diagnoéstico
Sptico em tempo real de lesdes colo-rectais, utilizando as
classificagdes de NICE/WASP. O desempenho global me-
Ihorou apés a utilizagdo continua do diagnéstico dptico,
mas nao alcancou o limiar definido para aimplementacao
da estratégia de “nao ressecar”.

© 2019 Sociedade Portuguesa de Gastrenterologia
Publicado por S. Karger AG, Basel

Colonoscopy with polyp resection has demonstrated
a consistent reduction in colorectal cancer incidence [1].
However, more than 90% of the polyps detected at colo-
noscopy are small (<10 mm) or diminutive (<5 mm) and
at least half are nonneoplastic, making many polypecto-
mies unnecessary while increasing procedure-related
risks and costs [2-4]. An accurate in vivo prediction of
colorectal polyp histology could help avoid unnecessary
polypectomies and prevent histopathologic analysis of
diminutive adenomatous polyps in order to inform the
surveillance interval recommendations. These strategies,

Real-Time Optical Diagnosis

respectively defined as “do not resect” and “resect and
discard,” have been increasingly advocated to promote
more efficient and cost-effective colonoscopies [2, 5, 6].
For safely implementation of these strategies in clinical
practice, the American Society for Gastrointestinal En-
doscopy (ASGE), in its Preservation and Incorporation
of Valuable Endoscopic Innovations (PIVI) statement,
defined the performance thresholds that need to be
achieved [7].

Narrow-band imaging (NBI) is a simple “push of a
button” electronic chromoendoscopy modality that uses
narrow-band light filters to enhance mucosal architec-
ture and vascular structures, allowing a real-time differ-
entiation of histology [8]. Ex vivo studies demonstrated a
short learning curve for its application [9].

The NBI International Colorectal Endoscopic (NICE)
classification was developed and validated for real-time
characterization of adenomas and hyperplastic polyps,
with excellent performances among expert endoscopists
[10]. However, it is still necessary to assess whether these
can be systematically replicated in routine practice.

Although the majority of colorectal cancer develops
from adenomas, almost 15-30% arise via the serrated
pathway, with sessile serrated adenomas/polyps (SSP)
and traditional serrated adenomas being the precursor le-
sions [11-14]. The Workgroup serrAted polypS and Pol-
yposis (WASP) classification was created combining the
NICE classification and the criteria for SSP characteriza-
tion, allowing an in vivo differentiation of the most prev-
alent polyp subtypes: adenomas, hyperplastic polyps, and
SSP [15]. The diagnostic performance of the WASP clas-
sification still lacks further validation, especially beyond
the scope of clinical trials. In addition, a learning effect in
real-time application of optical diagnosis needs to be as-
certained.

We conducted an observational study evaluating the
accuracy of the simultaneous application of the NICE and
WASP classifications among community endoscopists
with no previous experience with NBI. As a secondary
aim we assessed the impact of the daily application of op-
tical diagnosis and whether it could meet the standards
for the implementation of the “do not resect” strategy.

Study Design

An observational study was conducted among gastroenterolo-
gists from a single nonacademic oncology center (Instituto Portu-
gués de Oncologia de Lisboa Francisco Gentil, Lisbon, Portugal).
The study was performed during two periods: January to February
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Type 1

Type 2

Color same or lighter than background browner relative to background (verify color
arises from vessels)
Vessels none, or isolated lacy vessels coursing across the brown vessels surrounding white structures

lesion

Surface pattern
absence of pattern

dark or white spots of uniform size, or homogeneous

oval, tubular, or branched white structures
surrounded by brown vessels

Most likely pathology hyperplastic polyp

Fig. 1. NICE classification (adapted from Hewett et al. [10]).

Type 1 polyp

adenoma

Colonic polyp

One of the following features:
- Brown color?
- Brown vessels?

Type 2 polyp

Two of the following features:
- Clouded surface?

- Indistinctive border?

- Irregular shape?

- Dark spots inside crypts?

Two of the following features:
- Clouded surface?

- Indistinctive border?

- Irregular shape?

- Dark spots inside crypts?

no

Hyperplastic

Fig. 2. WASP classification (adapted from
Ijspeert et al. [15]).

2016 (period 1, P1) and January to February 2017 (period 2, P2).
All outpatient elective colonoscopies submitted to polypectomy
and histopathologic analysis were eligible.

Participants and Training

Four trainees and nine attending physicians participated in the
study. Trainees performed colonoscopies only in the presence of
an attending physician. Before participation in P1, a trainee (J.C.)
presented a 20-min audiovisual training based on the NICE and
WASP classifications (Fig. 1, 2). None of the endoscopists had pre-
vious experience with NBIL. After the first period (P1) the partici-
pants were encouraged to use NBI at their own discretion on a
daily basis, with no additional formal training before participation
in the second period (P2).

Endoscopic Equipment and Procedure
The study took place during the routine practice of the depart-
ment. All procedures were performed using colonoscopes equipped
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yes yes no

Sessile serrated polyp

with NBI technology: Evis Exera IIT CF-H190 videocolonoscopes,
CV-190 processors, Olympus Europe, Hamburg, Germany. The
endoscopy rooms were equipped with high-definition monitors.
All colonoscopies were performed with high-definition white-
light mode, and if a polyp was detected it was further evaluated with
NBI mode. Optic magnification was not used. For each detected
polyp, the location, size, morphology, optical diagnosis, and level
of confidence of the prediction were recorded. The location of the
polyps was specified as cecum, ascending, hepatic flexure, trans-
verse, splenic flexure, descending, sigmoid, and rectum; those in or
distal to the splenic flexure were defined as left colon polyps and
those proximal to the splenic flexure as right colon polyps. The
polyp size was estimated by comparison to the open biopsy forceps.
Polyps <5 mm were defined as diminutive, those 6-10 mm as small,
and those >10 mm as large. The morphology was described accord-
ing to the Paris classification [16]. After NBI assessment, the optical
diagnosis of each polyp was made according to the NICE and
WASP classifications: hyperplastic polyps (type 1p), SSP (type 1s),

Castela et al.



Fig. 3. Narrow-band imaging of polyps. a Hyperplastic polyp, with a lighter color than the background, no ves-
sels, and dark uniform spots. b Sessile serrated polyp, with a clouded surface, irregular shape, and indistinctive
borders. ¢ Adenoma, browner than the background, with tubular structures surrounded by brown vessels.

Table 1. Characteristics of the polyps and level of confidence be-
tween the first (P1) and second period (P2) of the study

P1 P2 p value
(n=192) (n=98)
Location
Right colon 79 (41%) 36 (37%)
Left colon 113 (59%) 61 (62%) 0.593
Not specified 0 1(1%)
Morphology
Pedunculated 28 (15%) 12 (12%)
Sessile/flat 159 (83%) 86 (88%) 0.652
Not specified 5 (2%) 0
Size
Diminutive polyps (<5mm) 111 (58%) 61 (62%)
Small polyps (6-10 mm) 64 (33%) 29 (30%) 0.766
Large polyps (>10 mm) 17 (9%) 8 (8%)
Level of confidence
Low 43 (22%) 24(24%) o0
High 149 (78%) 74 (76%)

and adenomas (type 2) (Fig. 3). The level of confidence for each
optical diagnosis was recorded as high (if the endoscopist made the
optical diagnosis with a certainty >90%) or low [17].

Histopathologic Diagnosis

Allincluded polyps were endoscopically removed and sent to his-
topathologic analysis. Pathologists blinded to the optical diagnosis
assessed polyp histology, which was classified according to the WHO
guidelines [18]. For study purposes, only the final histologies con-
templated in the NICE/WASP classifications were included.

Real-Time Optical Diagnosis

Endpoints

(1) To determine the overall performance (accuracy, sensitiv-
ity, specificity, positive predictive value [PPV], and negative pre-
dictive value [NPV]) of optical diagnosis among nonexpert endos-
copists. (2) To evaluate the learning effect with ongoing applica-
tion of optical diagnosis by comparison between P1 and P2
performances. (3) To identify predictors of performance. (4) To
assess whether the endoscopists could achieve the threshold for the
implementation of the “do not resect” strategy. According to the
ASGE PIVI statement, diminutive rectosigmoid hyperplastic pol-
yps can be left in place, i.e., not resected, since the real-time endo-
scopic technology provides an NPV >90% when used with high
confidence for adenomatous histology [7].

Statistical Analysis

The diagnostic accuracy, sensitivity, specificity, PPV, NPV,
positive likelihood ratio (LR+), and negative likelihood ratio (LR-)
of optical diagnosis were calculated considering histopathologic
diagnosis as the reference standard. The comparisons between P1
and P2 were done using the two-sample test for equality of propor-
tions. 95% ClIs were calculated using the exact method.

Multilevel logistic regression was used to evaluate the factors
associated with diagnostic accuracy adjusting for the possible cor-
relation between observations within each physician (cluster). We
conducted univariate and multivariable analyses, both at the polyp
level, taking the accuracy of optical diagnosis of adenoma (cor-
rectly diagnosed versus not) as the dependent variable. The po-
tential predictors tested for association were polyp morpholo-
gy (pedunculated versus sessile/flat), polyp size (>10 mm versus
<10 mm), number of polyps removed (>3 versus <3), and the phy-
sicians’ self-reported level of confidence in the assessment (high
versus low). All tests were two-sided and we considered a signifi-
cance level of 5%. The analysis was done using R version 3.1.2
(http://www.R-project.org/).
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Table 2. Comparison of the overall accuracy of optical diagnosis between the first (P1) and second period (P2) of the study using the

NICE and WASP classifications

Overall analysis P1 P2 Improvement p value
(95% CI)
n accuracy (95% CI) n accuracy (95% CI)
All polyps 192 0.75 (0.68 to 0.81) 98  0.82(0.73 to 0.89) 0.07 (~0.04 to 0.17) 0.260
With high confidence 149 0.79 (0.72 to 0.85) 74 0.91(0.81 to 0.96) 0.11 (0.01 to 0.22) 0.053
Polyps <10 mm 175 0.74 (0.67 to 0.80) 90  0.80 (0.70 to 0.88) 0.06 (~0.05 to 0.18) 0.327
With high confidence 133 0.78 (0.70 to 0.85) 68 0.90 (0.80 to 0.96) 0.12 (0.00 to 0.23) 0.069
to differentiate adenomas from nonadenomas was 0.78
(95% CI10.72-0.84) in P1 and 0.86 (95% CI 0.77-0.92) in
Study Sample P2 (p = 0.164); assignments made with a high confidence

A total of 135 colonoscopies were included and 312
polyps were detected and retrieved during both periods.
Twenty-two polyps (7.05%) had a different histology
(normal colonic mucosa: 2; mucosal prolapse syndrome:
7; inflammatory alterations: 7; lymphoid aggregate: 6)
from those contemplated in the NICE/WASP classifica-
tions and were excluded from the final analysis. A total of
290 polyps were analyzed: 192 polyps in P1 and 98 polyps
in P2;193 (66.6%) were adenomas, 83 hyperplastic polyps
(28.6%), and 14 SSP (4.8%).

The characteristics of the polyps are shown in Table 1.
In both periods, the majority of polyps were located in the
left colon (P1: 59%; P2: 62%), had a sessile/flat morphol-
ogy (P1: 83%; P2: 88%) and were diminutive (P1: 58%; P2:
62%). There was no difference in the location (p = 0.593),
morphology (p = 0.652), and size of the polyps (p = 0.766)
as well as in the level of confidence (p = 0.800) of the as-
signments between P1 and P2.

Comparison of Diagnostic Accuracy

The comparison of the overall accuracy of optical di-
agnosis between P1 and P2, using the NICE/WASP clas-
sifications, is shown in Table 2. The overall accuracy of
optical diagnosis was 0.75 (95% CI 0.68-0.81) in P1, with
anincrease to 0.82 (95% CI0.73-0.89) in P2, although not
achieving statistical significance (p = 0.260). Polyps clas-
sified with a high confidence level had an overall diagnos-
tic accuracy of 0.79 (95% CI 0.72-0.85) in P1, increasing
t00.91 (95% CI 0.81-0.96) in P2 (11% improvement; 95%
CI 1-22%; p = 0.053).

The dichotomized accuracy between P1 and P2 to dis-
criminate the different polyp subtypes is represented in
Table 3. The accuracy of the NICE/WASP classifications
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level achieved statistical significance for the global sample
(13% improvement, 95% CI 3-22%; p = 0.022) and also
for polyps <10 mm (14% improvement, 95% CI 3-24%;
p = 0.023) between the two study periods.

Real-Time Endoscopic Diagnosis of Adenomatous
Histology: Predictors of Diagnostic Accuracy and PIVI
Statement Performance

The sensitivity, specificity, PPV, NPV, LR+, and LR-
of the NICE/WASP classifications for differentiating
adenomatous histology, among the two study periods,
are shown in Table 4. The NICE/WASP classifications
showed a sensitivity, specificity, PPV, and NPV of 79, 77,
87, and 64% in P1, with an increase to 82, 94, 96, and 72%
in P2. The LR+ and LR- results also showed an increase
in the overall performance of the NICE/WASP classifica-
tions from P1 to P2.

In univariate analysis the high confidence level of the
assessments was the only predictor associated with accu-
racy for adenomatous histology (Table 5). No association
could be demonstrated either for morphology, size, or
number of polyps removed. Multivariable analysis con-
firmed the high confidence level of the predictions as the
only factor independently associated with diagnostic ac-
curacy for adenomatous histology (OR = 2.71, 95% CI
1.36-5.40; p = 0.005).

Regarding the ASGE PIVI statement for the “not to
resect” strategy, the NPV for adenomatous histology of
diminutive (<5 mm) rectosigmoid polyps for classifica-
tions made with a high confidence level was 81% (95% CI
64-93%; n = 49) and 80% (95% CI 59-93%; n = 35) in P1
and P2, respectively.

Castela et al.



Table 3. Comparison of dichotomized accuracy of optical diagnosis of adenoma and serrated polyps before (P1)
and after routine application of narrow-band imaging (P2)

Accuracy P1 Accuracy P2 Improvement p value
(95% CI) (95% CI) (95% CI)
Adenoma versus nonadenoma
All polyps 0.78 (0.72 to 0.84) 0.86 (0.77 to 0.92) 0.08 (-0.02t0 0.17)  0.164
With high confidence 0.81 (0.73t0 0.87)  0.93 (0.85 to 0.98) 0.13 (0.03t0 0.22)  0.022
Polyps <10 mm 0.77 (0.70 to 0.83) 0.84 (0.75 to 0.91) 0.08 (-0.03t0 0.18)  0.181
With high confidence 0.79 (0.74 to 0.86) 0.93 (0.84 to 0.98) 0.14 (0.03 to 0.24) 0.023
Sessile serrated polyps versus nonsessile serrated polyps
All polyps 0.92 (0.87 to 0.95) 0.92 (0.85 to 0.96) 0.00 (-0.07 to 0.07) 1.000
With high confidence 0.95 (0.91t0 0.98)  0.97 (0.91 to 1.00) 0.02 (-0.04 t0 0.08)  0.725
Polyps <10 mm 0.91 (0.86 to 0.95) 0.91 (0.83 to 0.96) 0.00 (-0.08 to 0.07) 1.000
With high confidence 0.95 (0.90 to 0.98) 0.97 (0.90 to 1.00) 0.02 (-0.05t0 0.08)  0.875
Hyperplastic polyps versus nonhyperplastic polyps
All polyps 0.81 (0.74 to 0.86) 0.86 (0.77 to 0.92) 0.05 (-0.05t0 0.15)  0.373
With high confidence 0.83 (0.76 t0 0.89)  0.91 (0.81 to 0.96) 0.07 (<0.03 t0 0.17)  0.206
Polyps <10 mm 0.79 (0.73 to 0.85) 0.84 (0.75 to 0.91) 0.05(-0.05t0 0.15)  0.411
With high confidence 0.82 (0.74 to 0.88) 0.90 (0.80 to 0.96) 0.08 (-0.03t0 0.19)  0.218

Table 4. Performance in differentiating adenomatous histology using the NICE/WASP classifications (overall and with high confidence

level)

Opverall analysis

With high confidence

P1 (n=192)

P2 (n=98)

P1 (n = 149) P2 (n=74)

Sensitivity (95% CI), %

Specificity (95% CI), %

Positive predictive value (95% CI), %
Negative predictive value (95% CI), %
Positive likelihood ratio (95% CI)
Negative likelihood ratio (95% CI)

79 (71 to 86)

77 (64 to 86)

87 (80 to 93)

64 (53 to 75)
3.37 (2.14 t0 5.29)
0.28 (0.19 to 0.40)

13.45 (3.49 to 51.81)
0.20 (0.12 to 0.33)

82 (70 to 90)
94 (80 to 99)
96 (87 to 100)
72 (56 to 85)

82 (73 to 88)
78 (62 to 89)

90 (78 to 97)
100 (80 to 100)
91 (83 to 96) 100 (88 to 100)
61 (46 to 74) 83 (65 to 94)
3.63 (2.03 to 6.49) +Inf
0.24 (0.15 to 0.36) 0.10 (0.4 to 0.23)

The current study is one of the few studies reporting
on the real-time optical diagnosis of colorectal polyps si-
multaneously using the NICE and WASP classifications
among community endoscopists with no previous expe-
rience in NBI. The overall diagnostic accuracy before pre-
vious experience with NBI was moderate (0.75, 95% CI
0.68-0.81). Studies conducted in an academic setting re-
vealed a higher accuracy with continuing NBI experience
[17, 19-21]. In a nonacademic setting the real-time diag-

Real-Time Optical Diagnosis

nosis has demonstrated divergent results, ranging from
moderate to high diagnostic performances [22-27]. Our
results were comparable to those reported by Kuiper et al.
[25], who conducted a prospective trial in two nonaca-
demic centers, evaluating optical diagnosis using high-
resolution endoscopy or NBI, achieving an overall sensi-
tivity, specificity, and accuracy of 77.0, 78.8, and 77.9%,
respectively. However, contrary to our study, the partici-
pating endoscopists had former contact with NBI, includ-
ing participation in two previous studies evaluating NBI
application. Vu et al. [24] also reported moderate diag-
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Table 5. Univariate and multivariable analyses of the factors associated with diagnostic accuracy in differentiat-

ing adenomatous histology using the NICE/WASP classifications

Univariate analysis

Multivariable analysis

OR 95% CI p value OR 95% CI p value
Polyp morphology
Sessile/flat 1 1
Pedunculated 1.81 0.60 to 5.44 0.294 1.00 0.31to 3.22 0.995
Polyp size
<10 mm 1 1
>10 mm 6.24 0.82t047.30  0.076 4.98 0.63 to 39.49 0.129
Polyps removed, n
<3 1 1
>3 1.24 0.65 to 2.36 0.511 1.21 0.61 to 2.40 0.580
Confidence
Low (<90%) 1 1
High (>90%) 2.90 1.52to 5.53 0.001 2.71 1.36 to 5.40 0.005

nostic performance results. The study included both aca-
demic and community gastroenterologists, reporting an
overall accuracy of histological predictions made with a
high confidence of 77.1%; academic and community gas-
troenterologists achieved an accuracy of 76.3 and 80.2%,
respectively (p = 0.38). Rees et al. [23] evaluated the im-
plementation of the NICE classification for optical diag-
nosis and also reported disappointing performance re-
sults, with an accuracy of adenoma characterization of
83% and a test sensitivity of need for surveillance of 73%.
The authors concluded that NBI optical diagnosis is not
accurate enough to replace histology in routine clinical
practice. In our study, simultaneously analysis with the
NICE and WASP classifications may have affected the
overall results, making the comparison with other previ-
ous studies difficult, since the majority of them only eval-
uated the differentiation between adenomas and hyper-
plastic polyps.

In the second period of the study, the endoscopists at-
tained a better accuracy (0.82, 95% CI 0.73-0.89), but this
difference did not achieve statistical significance (p =
0.260). In both periods, the NPV for adenomatous histol-
ogy was <90%, failing to reach the ASGE PIVI benchmark
and precluding the implementation of the “do not resect”
policy. Studies have demonstrated a short learning curve
for accurate characterization of colorectal lesions with
NBI, with teaching modules of only 20 min being enough
to achieve high accuracies [28-30]. However, in a real-
time situation the learning curve of NBI might be longer
[31]. Our results are in agreement with this assumption,
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showing that a continuous implementation of NBI in the
characterization of colorectal lesions, although achieving
an improvement over time, especially for the subset of
predictions made with a high confidence level, the overall
learning effect is below expectations and it is not enough
to implement the “do not resect” strategy in clinical prac-
tice. East et al. [32] and Rastogi et al. [20] also found no
learning curve effect in real-time optical diagnosis by en-
doscopists experienced with the NBI technology. Lada-
baum et al. [22] developed one of the few studies to eval-
uate the effect of an intensive in vivo training module
among community gastroenterologists with no previous
experience with NBI, revealing the absence of a clear pat-
tern of early learning or later stabilization of performance
at a higher level. Contrary to these results, there are sev-
eral studies showing the positive impact of standardized
and continued training programs [27, 33-35]. McGill et
al. [34] demonstrated high diagnostic performance, with
an NPV of 95.4% for diminutive rectosigmoid polyps,
among endoscopists who completed a computer-based
module, followed by ten real-time colonoscopies. Further
studies are necessary to access the best learning model
and to definitely ascertain whether optical diagnosis is
feasible among community endoscopists.

Although the NICE classification has been demon-
strated to be easy to apply and feasible to implement, it
has been criticized for omitting SSP characterization [36,
37]. Kumar et al. [38] demonstrated that SSP share an
overlap of the NICE features usually found in both hyper-
plastic polyps and adenomas, which may contribute to
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missing SSP and to an erroneous classification of SSP
with malignant potential as simple benign hyperplastic
polyps [37, 38]. Therefore, it has been advocated that the
“resect and discard” and “do not resect” policies could
only be safely implemented with the proper differentia-
tion of all polyp subtypes, namely SSP. A meta-analysis
published in 2016 demonstrated a sensitivity of 60% for
NBI to discriminate SSP from nonneoplastic lesions,
showing the potential of this technology for the optical
diagnosis of SSP [39]. Ijspeert et al. [15] developed and
validated, with still images, the WASP classification to
endoscopically differentiate hyperplastic polyps, adeno-
mas, and SSP, achieving an overall accuracy for optical
diagnosis of 0.63, which improved to 0.79 after training,
with sustainable results after 6 months. The optical diag-
nosis of SSP had an accuracy of 0.74 and 0.86 before and
after training, respectively. In our study, there was no im-
provement in the accuracy to differentiate SSP between
both periods, however the initial performance was al-
ready good (0.92, 95% CI 0.87-0.95). The accuracy to dif-
ferentiate adenomatous from nonadenomatous histology
significantly improved over time for the predictions made
with a high confidence level (0.81 and 0.93 in P1 and P2,
respectively; p = 0.022). This result suggests that endo-
scopic recognition of adenomas may be easier in com-
parison to the other polyp subtypes. The darker color and
brown vessels may facilitate their recognition. Indeed,
previous studies demonstrated that microvascular assess-
ment is associated with a short learning curve [31, 32, 40].
Vleugels et al. [33], in a recently published study, were the
first to report the real-time application of optical diagno-
sis with the WASP classification, with outstanding results
of performance, achieving a global NPV for rectosigmoid
neoplastic lesions of 90.8%, with a surveillance interval
agreement of 95.4%. However, contrary to our study, they
only included endoscopists who qualified after an inten-
sive and structured training protocol. The intensive selec-
tion of the endoscopists may have limited the generaliz-
ability of their results but may suggest, once again, the
importance of motivation, interest, continued training,
and a mandatory accreditation process to ensure ade-
quate performance [22, 27, 33, 34, 41].

Our study has important strengths, but also limita-
tions, that are important to highlight. As mentioned be-
fore, this is one of the few studies simultaneous evaluating
the application of the NICE and WASP classifications for
real-time colorectal lesion characterization in routine
clinical practice. Our results may be more representative
than the results of previous studies of routine clinical
practice, with all the constrains of daily “real-world” situ-

Real-Time Optical Diagnosis

ations and with the inclusion of all polyp categories. This
study was also enriched due to the evaluation of the learn-
ing effect of continuous application of optical diagnosis.
However, as a limitation, the unicentric design, the lim-
ited number of polyps included in both study periods,
with a disproportional number of polyps in each period
(P1: n = 192; P2: n = 98), might have compromised the
statistical analysis. Another potential limitation of this
study is the fact that all outpatient elective colonoscopies
were eligible, namely hereditary colorectal syndromes/
polyposis or previous colorectal cancer. However, there
is no reason to assume that the polyps of this group of
patients have a different phenotype compared to the spo-
radic ones, precluding data extrapolation to the general
population. Additionally, the training process solely
based on a 20-min audiovisual session as well as the lack
of continuous feedback and a structured training pro-
gram may have compromised the final results of perfor-
mance. Finally, it would be important to analyze not only
the “do not resect” policy, but also the “resect and dis-
card” strategy, in order to fully evaluate the ability of non-
expert endoscopists to implement optical diagnosis in
daily practice.

In conclusion, nonexpert community endoscopists
achieved moderate accuracy for real-time optical diagno-
sis of colorectal lesions with the NICE and WASP classi-
fications, with slight improvement over time. The ASGE
PIVI threshold for the implementation of the “do not re-
sect” strategy was not accomplished, precluding its wide-
spread outside an academic setting. Therefore, despite
encouraging preliminary results, further structured and
formal training with periodic reassessment of endosco-
pists’ performances is necessary before its widespread use
as a standard of care in routine practice.
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