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Introduction
Colorectal cancer (CRC) is the third most frequently diagnosed
cancer and the second most common cause of cancer-related
death worldwide [1]. Polyp size directly correlates to the risk of
developing CRC, as larger polyps tend to have a higher risk of
becoming cancerous than smaller ones [2]. Therefore, in cur-
rent guidelines for preventing CRC, polyp size is one of the cri-
tical factors for managing colonoscopy surveillance intervals
and selecting an adequate resection method [3, 4].

Currently, the commonest method for sizing polyps is visual
estimation performed by an examiner during colonoscopy. Sev-
eral studies have demonstrated that visual estimation is unreli-
able, as it exhibits high intraobserver variability and poor accu-
racy [5]. This often leads to incorrect colonoscopy surveillance
intervals being determined [5, 6]. Polyp size measured by the
pathologist after resection is frequently used as a gold standard
in studies [7, 8]; however, post-polypectomy measurement can
introduce inaccuracies, as the specimen experiences trauma
and shrinkage owing to the resection and fixation processes.
Therefore, developing an accurate in situ method for polyp siz-
ing has attracted considerable research attention over the past
years.

Numerous methods have been investigated to improve the
accuracy of polyp sizing. Device-based methods such as poly-
pectomy instruments [9], add-on caps [10], structured light,
and virtual scales [11] have been explored. Despite improved
measurement accuracy, widespread adoption into clinical prac-
tice is however lacking as such methods require specific endo-
scopic systems or additional devices that are not routinely
used.

Artificial intelligence (AI) was introduced in clinical practice
several years ago, with the main focus being polyp detection
[12, 13]; however, AI-based diagnosis has been further ex-
plored for polyp characterization [14] and other gastroentero-
logical diseases, such as eosinophilic esophagitis [15] and
Crohn's disease [12]. AI has the potential to solve the issue of
polyp sizing, and several AI-based concepts have recently been
described [16–18]. Nonetheless, polyp size measurement sup-

ported by AI is in its early stages, and further development is
necessary to explore its potential.

In our work, we developed a polyp sizing method to address
the shortcomings of the current technologies. The auxiliary wa-
terjet, commonly used for cleaning mucosal surfaces during co-
lonoscopy, was selected as a measurement reference. Our AI-
based measurement system “Poseidon” first identifies the loca-
tion of the waterjet and the polyp in the image and then calcu-
lates its size. We compared Poseidon's accuracy to visual and
biopsy forceps-based estimations in a computed tomography
colonography (CTC)-derived colon that was 3D printed and
cast using silicone. Additionally, we compared Poseidon with
visual estimation during routine clinical practice.

Methods
Polyp sizing in the silicone-based colon

Four experienced board-certified gastroenterologists per-
formed a colonoscopic withdrawal in an artificial silicone-based
colon model, which replicated an anonymized 3D model gener-
ated by CTC (Fig. 1 s, see online-only Supplementary material).
Details of the process used to manufacture the silicone-based
colon are described in Appendix 1 s. The silicone-based model
included 28 polyps (summarized in ▶Table1, detailed in Table
1 s) that differed in their size and Paris classification. The gold-
standard size in millimeters was established by manually meas-
uring the polyps with digital calipers and rounding the meas-
urements to two decimal places.

The four endoscopists inspected each polyp, estimating its
size first visually and then with opened biopsy forceps (Radial
Jaw 4, standard capacity; Boston Scientific, Marlborough,
Massachusetts, USA). They then aimed the waterjet at the area
adjacent to the polyp and obtained three images per polyp
(Fig. 2 s). As a new feature of our polyp detection system, “En-
doMind”, Poseidon analyzed the images containing a waterjet
to determine the polyp size [19]. The final size of each polyp
was calculated as the average of the determined sizes, but this
was not presented to the endoscopists during the experiments.
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An Olympus CF-HQ190 L colonoscope and EVIS EXERA III
endoscopic system (Olympus Europa SE&Co. KG, Hamburg,
Germany) coupled with Wieser Jet-Cleaner III pump (Wieser
Medizintechnik GmbH, Egenhofen, Germany) were used. Be-
forehand, several experiments were conducted with the partic-
ular endoscopic system to evaluate the effect of gravity and the
stability of the waterjet. A description of the experimental
setup and a summary of the results is given in Appendix 2 s
(Figs. 3 s and 4 s).

Polyp sizing during routine clinical practice

We further evaluated the accuracy of Poseidon during routine
clinical practice between October 13 and November 24, 2022
(▶Video 1). Poseidon analyzed images containing the waterjet
adjacent to the polyp to determine its size. Visual estimations
of polyp size were collected from examination reports. To es-
tablish a reference standard, we manually measured and com-

pared polyps with polypectomy instruments proximal to each
other on the endoscopic images (Appendix 3 s).

Polyp sizing system “Poseidon”

Poseidon is based on a combination of two AI algorithms
(▶Fig. 1). The first one is the previously described real-time
polyp detection system “EndoMind”, which outlines a polyp
with a bounding box [19]. The second AI algorithm localizes the
waterjet in the image and determines its diameter. The polyp
size is then calculated by comparing the diameter of the waterjet
to the longest bounding box side around the polyp. A detailed
description of the algorithm is provided in Appendix 4 s.

Statistical analysis

Data analysis was performed using Python (Python Software
Foundation, Wilmington, Delaware, USA) combined with the
NumPy, Pandas, SciPy, and moepy libraries. As a measure of
agreement between endoscopists, the two-way mixed intra-
class correlation coefficient (ICC3) was calculated for each siz-
ing method.

The measurement error was calculated for every result of
the sizing methods by subtracting the corresponding gold
standard from the result. The percentage error was calculated
as the absolute value of measurement error/gold standard×
100% to represent the magnitude of mis-sizing. Additionally, a
95%CI for medians was estimated using bootstrapping with 10
000 samples, as a measure of precision.

The sizing methods were further evaluated in the subgroup
analysis, where polyps < 5mm were regarded as diminutive, 5–
10mm as small, and >10mm as large. The Wilcoxon signed
rank test was used with a P value of 0.05 as a threshold to de-
termine if there were significant differences between the sizing
methods. A significant difference and a lower median percen-

▶ Fig. 1 Endoscopic image of a polyp automatically outlined by a
bounding box with a waterjet adjacent. The yellow line represents
the length of the waterjet, while the red one represents its diame-
ter, which is used as the measurement reference. The output of Po-
seidon, with the size estimation displayed above the bounding box,
was not presented to the examiner during the study.

▶ Table 1 Baseline characteristics of the 28 polyps in the silicone
colon model.

Characteristic n (%)

Size, mm

▪ <5 14 (50.0)

▪ 5–10 7 (25.0)

▪ >10 7 (25.0)

Paris classification

▪ 0-Ip 4 (14.3)

▪ 0-Is 12 (42.9)

▪ 0-IIa 12 (42.9)

Video 1 Video clip showing the performance of Poseidon in
routine clinical practice.
Online content viewable at:
https://doi.org/10.1055/a-2077-7398
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tage error were used to determine that one method was more
accurate than the other.

Ethics

The recording of videos during routine clinical examinations to
test AI algorithms was approved by the ethical committee of
the University Hospital Würzburg (12/20, 20200114–04).
Signed informed consent was obtained from each patient be-
fore the examination was recorded.

Availability of the algorithm

The Poseidon algorithm and installation instructions will be
freely available for research purposes at: https://www.ukw.de/
research/inexen/applied-ai/poseidon-ai-based-polyp-size-esti-
mation/.

Results
Performance of polyp sizing in the colon model

Each of the four endoscopists detected all 28 polyps in the sili-
cone colon model. They assessed the size of each polyp visually
and with the biopsy forceps, and then captured three images
including the waterjet. In one case, one of the endoscopists
could not fully capture the given polyp within the endoscopic
field of view. This case was not included in the analysis, leaving
111 measurements by each sizing method in total. The agree-
ment between endoscopists was 0.82 (95%CI 0.71–0.90) for
visual estimation, 0.84 (95%CI 0.75–0.92) for forceps-based
measurement, and 0.94 (95%CI 0.90–0.97) when using Posei-
don.

As presented in ▶Fig. 2, the biopsy forceps-based estima-
tion was significantly more accurate (median percentage error
20.0%, 95%CI 14.4%–25.6%) than the visual estimation (medi-
an percentage error 25.1%, 95%CI 19.1%–30.4%; P=0.03),
while Poseidon was significantly more accurate than both, with
a median percentage error of 7.4% (95%CI 5.0%–9.4%). Fur-
thermore, Poseidon gave a significantly lower percentage error
(P <0.001) than the other two methods for each of the polyp
size subgroups (▶Table2).

Visual and biopsy forceps-based estimation tended to over-
estimate polyp size, while Poseidon showed a tendency to un-
derestimation for large polyps (▶Fig. 3). The results of a binary
classification of the polyps into size classes using each sizing
method are shown in Fig. 5 s.

Performance of polyp sizing during routine
clinical practice

A total of 29 polyps were included from 17 examinations per-
formed by three experienced endoscopists. Most of the polyps
were adenomas (69%) ranging in size from 2.5mm to 13.7mm
(Tables 2 s and 3 s). Poseidon was significantly more accurate
(median percentage error 7.7%, 95%CI 6.1%–9.3%) than visual
estimation of polyp size (median percentage error 22.1%, 95%
CI 15.1%–26.9%), as shown in ▶Table2.

▶ Table 2 Comparison of the three sizing methods for all polyps and for the different polyp size subgroups (all results given as median percentage
error [95%CI]).

Diminutive Small Large Overall

Silicone colon

▪ Visual 19.1 (14.0–30.4) 25.0 (14.4–37.0) 30.3 (22.8–50.4) 25.1 (19.1–30.4)

▪ Forceps 16.7 (13.0–29.9) 19.3 (12.1–26.0) 22.3 (16.0–33.3) 20.0 (14.4–25.6)

▪ Poseidon 7.3 (4.7–9.7) 5.3 (3.6–11.0) 8.2 (3.8–13.8) 7.4 (5.0–9.4)

Routine clinical practice

▪ Visual 20.8 (11.5–24.2) 38.2 (15.1–45.6) 23.4 (19.8–26.9) 22.1 (15.1–26.9)

▪ Poseidon 8.1 (2.7–13.2) 6.3 (3.5–10.0) 9.0 (2.2–15.7) 7.7 (6.1–9.3)
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▶ Fig. 2 Box plots of percentage errors for each sizing method. The
notch around the median value represents the 95%CI derived using
bootstrapping (n=10000).
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Discussion
Knowing the accurate size of a polyp is essential for determin-
ing the appropriate follow-up interval after resection [3, 4]. Ad-
ditionally, the resection technique used depends on this esti-
mation [20]. An accurate and easy-to-use method is needed in
routine clinical practice. Although visual estimation is currently
the most practical method for addressing polyp size, it has been
shown to lack accuracy [5].

Several previous studies have reported the percentage error
as a metric of accuracy because it indicates the magnitude of
mis-sizing, an equal measurement error having a greater im-
pact on smaller polyps than on larger ones. In a work by Chap-
tini et al. polyp size was visually overestimated in 32% of cases
and underestimated in 20% by more than 20% [5]. In another
study by Eichenseer et al. [6], 62.6% of polyps were mis-sized
by more than 33%. Our findings are comparable, as visual esti-
mation had a median percentage error of 25.1% in the colon
model and 22.1% during regular clinical practice.

Biopsy forceps-based estimation was proposed as a way to
improve the accuracy of visual estimation [9]. This is supported
by our study, as the biopsy forceps-based estimation signifi-
cantly reduced the median percentage error from 25.1% to
20.0% (P=0.03). Although forceps-based estimation does pres-
ent an improvement over visual estimation, its accuracy is still
suboptimal. Furthermore, a large proportion of polyps are cur-
rently resected using cold snares without the need for biopsy
forceps [20], and instrument exchange may be time-consum-
ing.

In recent years, interest in AI has been rapidly expanding in
gastroenterology to improve the diagnosis, treatment, and
management of various diseases. Consequently, several AI-
based systems have been developed to measure polyp size.
Some systems concentrate on binary size classification, where
a threshold size is defined as 5mm or 10mm, and polyps are la-
beled as smaller or bigger than the threshold [16, 17]. Another
AI-based system described by Kwak et al. relies on AI for a part
of the measurement process and requires additional manual la-
bor to define a linear segment on the image to be measured
[18]. This method significantly improved accuracy compared
with visual and biopsy forceps-based estimation. Even so, our
approach is automated and does not require manual labor to
annotate the polyp segments.

Recently, a study by Shimoda et al. evaluated a virtual scale
that uses a laser beam to estimate the distance between the en-
doscope and the mucous surface [11]. Rather than measuring
the polyp size, this system generates an on-screen scale and
supports endoscopists in estimating the polyp size. The study
reported a significant improvement in the accuracy of estima-
tion from 62.5% without the virtual scale to 84% with. Regard-
less, this method requires a specific endoscopy system and co-
lonoscope with an integrated laser beam. In contrast, our sys-
tem is not bound to a specific endoscope manufacturer or
type, as long as it has an auxiliary water channel. Implementing
the waterjet as a measurement reference also removes the
need to introduce additional devices, allowing its potential
compatibility with a wide range of endoscopy systems.

We do however recognize that our system has several limita-
tions as the accuracy of Poseidon depends on the proper posi-
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tioning of polyps in the endoscopic image. The waterjet should
be aimed adjacent to a polyp to be equally distanced away from
the endoscope, and the polyp needs to be recognized by our
polyp detection system. Although some tolerance exists, failure
to adhere to this can affect the accuracy of the measurement.
Additionally, the reference size used for the polyps from routine
clinical practice was established through pixel-wise comparison
of polyps and resection instruments, which can itself introduce
some inaccuracies.

In conclusion, we have developed a freely available AI system
for measuring polyp size in gastrointestinal endoscopy. It uses
the auxiliary waterjet as a reference and does not require addi-
tional devices or instruments to make the measurement. The
system demonstrated a significantly higher accuracy than
other commonly used polyp sizing methods. In future, the sys-
tem should be expanded to operate with additional endoscopy
systems, while a larger study is required to further evaluate its
performance when challenged with a wide range of polyps that
are found in daily clinical practice, in particular larger polyps.
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