
INTRODUCTION 

Colorectal cancer screening programs throughout the world 
are based on early detection of neoplastic colorectal polyps. 
It is generally accepted that removal of these polyps prevents 
progression to colorectal cancer.1,2 Currently, risk stratification 
of polyp recurrence and surveillance intervals are based on the 
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location, type, number, and size of the polyps.3-8  

The importance of polyp size in risk stratification has been 
reported previously.3 Polyp size ≥10 mm is associated with an 
increased risk of recurrence of advanced adenomas on fol-
low-up colonoscopy, leading to a shorter time interval in these 
patients. Moreover, polyp size is strongly associated with the 
risk of malignant transformation, since non-advanced adeno-
mas (<10 mm) have a very low risk of malignant transforma-
tion compared to polyps ≥20 mm in size.9-11 In small (≤5 mm) 
polyps, the “resect and discard” strategy combines visually 
estimated polyp size with suspected presence of dysplasia to de-
cide whether a polyp should be retrieved for histopathological 
examination or can be discarded, saving cost and time.10,12,13 

Currently, pathologically measured diameter is the preferred 
standard for polyp size estimation.14,15 It may be adequate for 
planning surveillance strategies in retrospect. However, it is 
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not useful in visual endoscopic size estimation. Real-time 
endoscopic polyp size estimation is crucial, especially in the 
“resect and discard” situations and in cases of incomplete or 
piecemeal resection. It has been shown that the accuracy of en-
doscopic polyp size estimation is poorer compared to that of a 
pathological report.15-19 Multiple tools to aid in visual polyp size 
estimation have been used and researched. These include pol-
ypectomy snares and biopsy forceps. Studies in this field have 
been heterogeneous in terms of methods and outcomes. Some 
studies showed promising improvement, while others showed 
no improvement in visual polyp size estimation.16,19-23 

Factors believed to influence visual endoscopic estimation 
of polyp size include polyp morphology, individual variations 
among endoscopists, and terminal digit preference.16-18,24-26 Our 
study aimed to determine additional factors influencing polyp 
size estimation using a real-time endoscopic model with known 
polyp sizes. 

METHODS 

Colon model and artificial polyps 
A colon model was created, which had artificial polyps of dif-
ferent sizes, shapes, and volumes (Fig. 1). Eight dissimilar pol-
yps including five pedunculated polyps (with short stalks) and 
three nonpedunculated polyps were created using self-harden-
ing DAS modelling clay (Fabbrica Italiana Lapis ed Affini, Flor-
ence, Italy). The exact diameter was measured using a caliper. 
The diameters were 5, 8, 10, 15, and 20 mm for pedunculated 
polyps and 30, 35, and 38 mm for nonpedunculated polyps. 
The volume of each polyp was calculated using the density of 
the clay and the exact volumes were 58, 236, 710, 2,115, 3,755, 
1,704, 4,857, and 6,104 mm3. The colon model was created 
using a tube with an inner diameter of 65 mm. The artificial 
polyps were affixed inside the tube. Images were obtained using 
an Olympus video colonoscope (Olympus EVIS EXERA III CF-
HQ190L; Olympus, Hamburg, Germany) at fixed distances of 1, 
3, and 5 cm (Fig. 2). 

Study design and participants 
A web-based questionnaire was presented to 32 endoscopists 
from three large-volume endoscopy centers: Medisch Spectrum 
Twente in Enschede (The Netherlands), Reinier de Graaf Gast-
huis in Delft (The Netherlands), and Gold Coast University 
Hospital in Southport (Queensland, Australia). The invited 
participants included nurse endoscopists, gastroenterologists 

in training, and experienced gastroenterologists. Images of the 
polyps were included in the questionnaire and presented twice 
in a random fashion (total 48 images). The participants were 
unaware of the distance between the tip of the colonoscope 
and the polyps. The inner diameter of the colon model was 
provided to the endoscopists at the start of the questionnaire. 
Additionally, an image of a dice with corresponding diameter 
and volume was provided as a reference object. A reminder to 
complete the questionnaire was sent to the participants after 2, 6, 
and 10 weeks and participation was closed after 12 weeks.  

Fig. 1. The colon model with a colonoscope inside it, showing the 
image of an artificial polyp on the monitor. The inner diameter of the 
colon model is 65 mm.
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Statistical analysis  
Continuous variables were presented as means with ranges 
and categorical variables were presented as numbers with cor-
responding percentages. The intraclass correlation coefficient 
(ICC) was used to assess the agreement between the estimated 
and true (measured) sizes of pedunculated and nonpedunculat-
ed polyps in terms of diameter and volume. Furthermore, the 
polyps were divided into three categories based on their diame-
ter (≤5, 6–9, and ≥10 mm), since these categories were consid-
ered clinically relevant.3,10,13 The level of agreement between the 
visually estimated diameter category and the true (measured) 
category was assessed using the kappa test. Strength of agree-
ment was interpreted according to the method described by 
Koo and Li,27 with values <0.5, 0.5–0.75, 0.75–0.90, and >0.90 
indicating poor, moderate, good, and excellent reliability, re-
spectively (Table 1). All images were presented twice and were 
used as independent images in the analyses. 

Ethical statements 
Not applicable for studies not involving humans or animals.

RESULTS 

Characteristics of study participants 
Among the 32 invited endoscopists, 15 (47%) responded and 

participated in the study. These included one nurse endosco-
pist, four gastroenterologists in training, and 10 experienced 
gastroenterologists. The average age was 39 years (range, 29–58 
years) and seven out of 15 participants (47%) were male. Nine 
out of 15 participants (60%) had endoscopic experience of >48 
months and seven out of 15 (47%) performed >300 colonosco-
pies annually. 

Visual estimation of polyp size 
The level of agreement between the visually estimated polyp 
size (via endoscopy) and measured size was moderate. The ICC 
was 0.66 (95% confidence interval [CI], 0.62–0.71) for diameter 
and 0.56 (95% CI, 0.50–0.62) for volume. Figure 3 shows the vi-
sually estimated and measured polyp sizes in terms of diameter 
and volume. 

After categorization of polyp size (≤5, 6-9, and ≥10 mm), the 
agreement between the estimated and measured size categories 
was poor (kappa, 0.49 [95% CI, 0.43–0.56]) (Table 2). Endo-

Fig. 2. The pedunculated and nonpedunculated polyps used in the study, with the photograph obtained at a distance of 3 cm between the tip 
of the colonoscope and the polyp. A pedunculated polyp sized (A) 5 mm, (B) 8 mm, (C) 10 mm, (D) 15 mm, and (E) 20 mm; a nonpeduncu-
lated polyp sized (F) 30 mm, (G) 35 mm, and (H) 38 mm.
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Table 1. Strength of agreement, according to Koo and Li27

Kappa and interclass correlation value Strength of agreement
<0 No correlation
0–0.50 Poor
0.50–0.75 Moderate
0.75–0.90 Good
0.90–1.00 Excellent
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scopic experience of >48 months was associated with slightly 
better ICCs for diameter (0.70 [95% CI, 0.64–0.75] vs. 0.60 [95% 
CI, 0.50–0.68]), but not for volume (0.57 [95% CI, 0.50–0.64] 
vs. 0.54 [95% CI, 0.43–0.63]). 

Distance between the tip of the colonoscope and the polyp 
There were small differences in the accuracy of polyp size esti-
mation when the distance between the tip of the colonoscope 
and the polyp was considered. Polyp size estimation at 3 cm 
and 5 cm showed comparable ICCs of 0.71 (95% CI, 0.63–0.77) 

Fig. 3. Comparison of the endoscopically estimated size and measured size for all pedunculated and nonpedunculated polyps. (A) Polyp size 
in diameter (mm). (B) Polyp size in volume (mm3).
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Table 2. Cross-tabulation showing polyp size categorized into three 
categories

Estimated diameter (mm)
True (measured) diameter (mm)

≤5 6–9 ≥10
≤5 35 (47.9) 23 (31.9) 9 (2.1)
6–9 32 (43.8) 31 (43.1) 39 (9.3)
≥10 6 (8.2) 18 (25.0) 372 (88.6)
Total 73 72 420
Values are presented as number (%).
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and 0.73 (95% CI, 0.66–0.79), respectively when compared with 
polyp size estimation at 1 cm (ICC, 0.62 [95% CI, 0.52–0.70]). 
After categorizing the polyp size, the kappa-values were 0.54 
(95% CI, 0.43–0.65), 0.50 (95% CI, 0.40–0.60), and 0.43 (95% 

CI, 0.32–0.54) at 3, 5, and 1 cm, respectively. A smaller distance 
between the tip of the colonoscope and the polyp was associat-
ed with a larger estimated polyp size (Fig. 4). 

In case of pedunculated polyps, a more substantial differ-

Fig. 4. Comparison of the endoscopically estimated size and measured size for all pedunculated and nonpedunculated polyps. The endoscopic 
size estimations were further divided according to the distance between the tip of the colonoscope and the polyp (1, 3, or 5 cm). A clear pat-
tern was observed, suggesting that a smaller distance between the tip of the colonoscope and the polyp (1 cm) resulted in a larger estimated 
polyp size. (A) Polyp size in diameter (mm). (B) Polyp size in volume (mm3).
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ence was observed in the optimal colonoscope-polyp distance 
(ICC, 0.79 [95% CI, 0.71–0.85] at 3 cm vs. ICC, 0.71 [95% CI, 
0.61–0.79] at 1 cm, and ICC, 0.69 [95% CI, 0.58–0.77] at 5 cm). 
After analysis of the polyp size categories in this subgroup, the 
kappa-values were 0.45 (95% CI, 0.32–0.58) at 3 cm, 0.37 (95% 
CI, 0.24–0.50) at 1 cm, and 0.40 (95% CI, 0.28–0.52) at 5 cm. 
Polyp size measured at 3 cm from the tip of the colonoscope 
tended to yield the most accurate results in terms of polyp size 
estimation. 

Polyp morphology 
In case of pedunculated polyps, a moderate agreement was ob-
served between the estimated and measured polyp sizes (ICC, 
0.66 [95% CI, 0.60–0.72]). There was no agreement in case of 
nonpedunculated polyps (ICC, 0.01 [95% CI, −0.12 to 0.15]). 
Similar findings were observed while comparing polyp volumes 
(ICC, 0.69 [95% CI, 0.63−0.74] in pedunculated polyps vs. ICC, 
0.03 [95% CI, −0.11 to 0.16] in nonpedunculated polyps). 

Intraobserver variability 
The intraobserver variability analysis showed a good level of 
agreement for diameter (ICC, 0.80 [95% CI, 0.75−0.84]) and 
a moderate agreement for volume (ICC, 0.70 [95% CI, 0.64–
0.76]). Focusing on pedunculated polyps alone improved the 
level of agreement (ICC, 0.87 [95% CI, 0.83−0.90] for diameter 
and ICC, 0.83 [95% CI, 0.77–0.87] for volume). Comparing 
the first and second size estimations of each nonpedunculated 
polyp resulted in a poor level of agreement (ICC, 0.36 [95% CI, 
0.18−0.52] for diameter and ICC, 0.41 [95% CI, 0.23–0.56] for 
volume). 

DISCUSSION 

The findings of our study suggest that even in an artificial colon 
model with an established colon diameter, endoscopic polyp 
size estimation remains challenging and correlates moderately 
with the actual polyp size. The distance between the tip of the 
endoscope and the polyp emerged as a new important factor 
influencing size estimation. A distance of 3 cm between the tip 
of the endoscope and the polyp yielded the best results. 

The use of artificial polyps of known size provides a reliable 
gold standard. Previous studies have used pathological reports 
for comparison.15-19 It is still debatable whether a pathological 
report is the optimal gold standard, since polyp size is poten-
tially influenced by endoscopic manipulation, polypectomy, 

or fixation in formalin after the procedure.14,15,28 Furthermore, 
the use of a colon model ensured that no polyps were excluded 
from the analysis. In a previous study, the majority (56%, 3,396 
out of 6,067) of the polyps had to be excluded, as they were 
non-intact or were not retrieved for histopathological exam-
ination.18 Exclusion of a significant portion of resected polyps 
might be an important influencing factor, since piecemeal 
resection is frequently performed for larger polyps. Previous 
research has shown that a small polyp size is associated with 
failed polyp retrieval.29 The use of artificial polyps in the colon 
model excluded this potential bias. The importance of correct 
endoscopic size estimation is emphasized by Eichenseer et al.17 
who showed that the suggested surveillance intervals were often 
inappropriate when based solely on endoscopically estimated 
size. 

To the best of our knowledge, the present study is the first 
one to examine the effect of the distance between the tip of the 
colonoscope and the polyp. A small but substantial difference 
was observed while comparing the estimation of polyp size at 
1, 3, and 5 cm. A smaller distance between the tip of the colo-
noscope and the polyp was associated with a larger estimated 
polyp size. The optimal distance for visual polyp size estimation 
seems to be 3 cm, which consistently yielded the best results 
in all pedunculated polyps. A comparable phenomenon was 
observed during endoscopic volume estimation, albeit with a 
lower consistency. Colonoscopes contain multiple lenses that 
change positions relative to each other to maintain the sharp-
ness of the images. This change in magnification at different 
viewing distances may partially explain the “optimal” viewing 
distance. Another complicating factor that influences visual size 
estimation is the broad field of view (“fish-eye”) of the colono-
scope, which causes the center of the image to be magnified, 
while the peripheral objects appear smaller and warped.  

Previous research has shown that polyp morphology sig-
nificantly influences visual size estimation. Anderson et al.18 
reported that nonpedunculated polyps were more frequently 
overestimated in terms of size when compared with peduncu-
lated polyps (61% vs. 34%). A larger disagreement was observed 
in our study while comparing polyp size estimation based on 
polyp morphology, with no agreement in case of nonpedun-
culated polyps and a moderate to good level of agreement in 
case of pedunculated polyps. This unexpected difference may 
be due to the similar sizes of nonpedunculated polyps (30, 35, 
and 38 mm). All nonpedunculated polyps are over 3 cm in size 
and the clinical relevance of the ability to discriminate between 
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a 30-mm and a 38-mm polyp is unclear. Therefore, our data 
on nonpedunculated polyps should be interpreted with cau-
tion. Further research should involve a wider range of sizes of 
nonpedunculated polyps for better assessment of the influence 
of polyp morphology on size estimation. 

A limitation of the present study is the use of a colon model 
with a fixed inner diameter of 65 mm, which cannot reflect the 
true dynamics during colonoscopy. Moreover, it does not re-
flect the changes in size in different colonic locations and does 
not consider difficulties such as colonic folds or polyps within 
the flexures. Since the inner diameter model was known to 
the participants, we excluded locations as a factor influencing 
size estimation. We decided to use images in our questionnaire 
instead of videos, which enabled us to use exact distances be-
tween the colonoscope and the polyp. In addition, the partici-
pating endoscopists were not aware of the variations in distance 
from the tip of the colonoscope to the polyp among different 
images. Awareness of this information might have led to the 
use of secondary clues such as subtle changes in the wall of the 
colon model to estimate the polyp size instead of making a new 
estimation each time a new image was presented. These mea-
sures were employed to gain optimal insight into the distance 
between the tip of the colonoscope and the polyp as a factor 
influencing polyp size estimation. 

Another limitation is the relatively small number of polyps 
used in the study. The number of polyps in the study already 
resulted in a large number of images for classification (eight 
polyps at three different distances, presented twice: total 48 im-
ages). We expected that a higher number of polyps would result 
in a lower response rate. 

Computed tomography (CT) colonography is another 
technique used to detect and measure colorectal polyps. Data 
published in 2011 and a review in 2010 showed that CT colo-
nography measurements were comparable to visual endoscopic 
estimations, while the pathological specimens were slightly 
smaller.30,31 Although CT colonography is less invasive and car-
ries a lower risk of complications, its most important disadvan-
tage is the lack of therapeutic possibilities if polyps are detected. 

Polyp volume is a novel variable introduced in the present 
study. It has been discussed in CT colonography studies, but 
not in the setting of endoscopic polyp size estimation.31-33 Hy-
pothetically, correctly measured polyp volume may be more 
accurate in risk stratification than polyp diameter, as volume 
estimation corrects for variations in the shape of the polyps. In 
CT colonography studies, volumetry has been shown to provide 

a better insight into polyp growth than measurement of diame-
ter alone.32 However, there are no clear cut-off values for polyp 
volumes associated with malignant potential or the methods 
of removal. Thus, the value of polyp volumetry in CT colo-
nography or in an endoscopic setting is yet to be established. 
In the present study, endoscopic polyp volume estimation was 
inaccurate for all polyps. This might be because endoscopists 
are not trained to estimate polyp volume, since it is not a rou-
tine practice. Another reason might be the use of static images 
in a two-dimensional plane. Correct measurement of volume 
requires depth (three-dimensional) assessment. Although 
real-time endoscopic images are also presented two-dimen-
sionally during a procedure, the endoscopist can obtain an im-
pression of the depth by moving the colonoscope. Thus, video 
or real-time endoscopic assessments should be considered in 
future studies. 

The polyp size categories were selected based on their clinical 
relevance (≤5, 6–9, and ≥10 mm). A margin of ≤5 mm is used 
in the “resect and discard” strategy, while polyp size ≥10 mm is 
an independent risk factor for recurrent (advanced) adenomas. 
Two of the artificial polyps had sizes closer (in diameter) to 
these margins (polyps sized 5 mm and 10 mm), which might 
have influenced the level of agreement in the kappa test. How-
ever, it also reflects routine practice wherein these small numer-
ical differences in size estimation make an important difference 
in the suggested surveillance intervals or therapeutic strategies. 

Many previous studies have attempted to increase the accu-
racy of visual polyp size estimation by providing several tools 
as references to gauge the size of the polyp.16,19-23,34-36 The most 
commonly researched tools are biopsy forceps, linear mea-
suring probes, and graduated tools such as snares or injection 
needles. Moreover, training programs and digital measure-
ment systems are also being explored. Although some studies 
have shown promising results with a clear improvement in the 
accuracy of visual estimation, others have failed to show this 
benefit.16,20,21,23,35,36 Furthermore, the studies and outcomes have 
been heterogeneous and the use of additional tools during colo-
noscopy has certain disadvantages. The most significant disad-
vantages are the additional cost and increased procedural time. 
The use of these tools is not indicated in the current guidelines 
or advised as a common practice. Hence, we decided not to in-
clude them in this study.37 

In conclusion, our study confirmed that visual polyp size 
estimation using an endoscope remains a challenge. Our study 
demonstrates that the distance between the tip of the colonos-
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cope and the polyp is an important factor influencing polyp size 
estimation. Polyp size estimation seems optimal at a distance of 
3 cm and endoscopists should be aware that a smaller distance 
between the colonoscope and the polyp results in a larger esti-
mated polyp size. These findings needs further investigation, 
but may influence endoscopy practice and endoscopic training 
in the future. With the emergence of artificial intelligence for 
polyp detection, computer-guided size estimation might be the 
next tool available to endoscopists. However, until this tech-
nique is adapted to clinical practice, a better understanding of 
endoscopic polyp size estimation is critical. 
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