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ABSTRACT

Background and study aims Accurate polyp size meas-
urement is important for guideline conforming choice of
polypectomy techniques and subsequent surveillance in-
terval assignments. Some endoscopic tools (biopsy forceps
[BF] or endoscopic rulers [ER]) exist to help with visual size
estimation. A virtual scale endoscope (VSE) has been devel-
oped that allows superimposing a virtual measurement
scale during live endoscopies. Our aim was to evaluate the
performance of VSE when compared to ER and BF-based
measurement.

Methods We conducted a preclinical randomized trial to
evaluate the relative accuracy of size measurement of sim-
ulated colorectal polyps when using: VSE, ER, and BF. Six
endoscopists performed 60 measurements randomized at
a 1:1:1 ratio using each method. Primary outcome was rela-
tive accuracy in polyp size measurement. Secondary out-
comes included misclassification of sizes at the 5-, 10-,
and 20-mm thresholds.

Results A total of 360 measurements were performed. The
relative accuracy of BF, ER, and VSE was 78.9% (95%Cl=
76.2-81.5), 78.4% (95%Cl=76.0-80.8), and 82.7% (95%
C1=80.8-84.8). VSE had significantly higher accuracy com-
pared to BF (P=0.02) and ER (P=0.006). VSE misclassified a
lower percentage of polyps>5mm as<5mm (9.4 %) com-
pared to BF (15.7%) and ER (20.9%). VSE misclassified a
lower percentage of220mm polyps as <20mm (8.3%)
compared with BF (66.7%) and ER (75.0%). Of polyps
210mm, 25.6%, 25.5%, and 22.5% were misclassified as
<10mm with ER, BF, and VSE, respectively.

Conclusions VSE had significantly higher relative accuracy
in measuring polyps compared to ER or BF assisted meas-
urement. VSE improves correct classification of polyps at
clinically important size thresholds.
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Introduction

Colorectal cancer (CRC) is the third most common cancer in
terms of incidence worldwide and the second leading cause of
cancer-related mortality [1]. The risk of colorectal polyps har-
boring advanced pathology increases with their size. Further-
more, larger (=10mm) colorectal polyps are been associated
with higher risks of metachronous advanced neoplasia and sub-
sequent CRC [2]. Multiple guidelines, therefore adjust surveil-
lance intervals based on whether a polyp is 210 mm or <10mm
for the same pathology subtypes (tubular adenomas or serra-
ted lesions) [3]. Furthermore, the recommendation for optimal
polyp resection and specific resection tools (biopsy forceps
[BF], cold snare, or hot snare) have been based on polyp sizes
across society guidelines [4, 5].

Accurate colorectal polyp size measurement is therefore
crucial for the adequate choice of resection technique and sur-
veillance interval assignments. In clinical practice, the most
common way to determine polyp size remains subjective visual
assessment. Not surprisingly subjective visual judgment of
polyp size is fraught with inaccurate size estimation [6,7].
Some studies have used specific single-use instruments such
as BF, snares or rulers that are introduced through the working
channel and held next to the polyps to have a reference size to
better guide visual assessment [8,9]. However, measurement
accuracy is highly variable for these methods, and as they re-
quire utilizing a separate tool during the procedure, they have
never found widespread adoption outside of research studies
[10,11]. Recently, a virtual scale endoscope (VSE) has been de-
veloped that can superimpose a virtual scale during live endos-
copy (»Fig.1, » Fig. 2, » Video 1). The VSE emits a laser beam
diagonally from its tip, with the position and reflection of the
laser changing according to the distance between the tip of
the endoscope and the target (»Fig.1). A software then de-
tects the position and distance of the laser spot and can adjust
the superimposed virtual scale.

Two preliminary studies have been published using this de-
vice so far [6, 12]. The first study demonstrated theoretical fea-
sibility of measurement device and the second study demon-
strated that VSE measures simulated polyps with higher accura-
cy compared to subjective visual size estimation [6, 12]. Given
the subjective nature and poor accuracy of visual size estima-
tion, these results are not surprising. Furthermore, the previous
model used completely symmetrical and hemispherical polyps
placed so that frontal assessment (which likely improves VSE
measurements) was possible. We were interested in comparing
VSE measurement accuracy in comparison to measuring tools
(BF and dedicated ERs) in a set of simulated polyps that simu-
late different polyp sizes and Paris morphology and measured
mostly tangentially, thus better reflecting conditions found
during colonoscopy.

Methods

The study does not meet International Committee of Medical
Journal Editors (ICMJE) definition of clinical trials as no human
subjects were involved in the conduction of this study; how-
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» Fig.1 Visual representation of VSE laser pointed toward a polyp
from which a scale is projected on the screen.

ever, we chose to report our study according to the CONSORT
checklist regardless to ensure completeness of reporting [13].

Study design

We performed a preclinical randomized trial of size determina-
tion of simulated colorectal polyps using three methods for
polyp size measurements: a VSE, an endoscopic ruler (ER), and
BF measurement. The study was conducted at the Montreal
University Hospital Center in July 2022. Polyps were random-
ized (computer-generated, concealed randomization list) per
included endoscopist on a 1:1:1 ratio to undergo measure-
ments using either VSE, ER, or BF assistance so that each endos-
copist performed measurements on 20 polyps using each
method, for a total of 60 polyps per endoscopist. Six endos-
copists (3 fellows (RD, MAK, JL) with previous experience of
100 to 500 colonoscopies, three experienced gastroenterolo-
gists (SS, BP, DVR) having each performed >5000 career colo-
noscopies, performed the study procedures. Endoscopists
were blinded to polyp sizes and randomization assignment.
Randomization assignment was revealed to the endoscopist
only immediately before the measurement of each polyp. Ran-
domization assignment was pregenerated by one researcher
(CH) and kept on an excel sheet with only that researcher hav-
ing access to the data (CH).

Simulated polyps and colon

Artificial polyps were created by a researcher (CH) utilizing
modeling clay simulating varying sizes of 1 to 40 mm (» Fig. 2,
» Video 1) and simulating varying morphologies using the Paris
classification as reference. The researcher creating the polyps
was instructed to create most polyps within the 1 to 20mm
range with a focus on 1 to 10 mm polyps with Paris Is morphol-
ogy, as these represent the most common polyp types and sizes
found during a colonoscopy. After creation, polyps were fixed
within cylindrical plastic tubing of 9cm diameter representing
a simulated colon. The tubing diameter was chosen to allow e-
nough space for maneuvering the endoscope as the rigid tub-
ing does not stretch to accommodate for tip deflection and
maneuvering as a real colon (» Fig.2). We sampled several test
tubes before initiation of the study and chose a diameter in
which most polyps were encountered tangentially with enough
space for the endoscopists to position the endoscope to aim for
a frontal vision. The final choice of test tube diameter and set-
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» Fig.2 a Polyp size estimation using the visual scale endoscope with linear scale. b Polyp size estimation using the visual scale endoscope with
circular scale. € Pedunculated polyp size estimation using the visual scale endoscope with linear scale. d Pedunculated polyp size estimation
using the visual scale endoscope with circular scale. e Polyp size estimation using BF. f Polyp size estimation using ERs. g Virtual scale projected

on a live endoscopy screen during conduction of the study.

QVIDEO

Comparing size measurement of simulated colorectal
polyps when using a novel virtual scale endoscope, H
endoscopic ruler or forceps: A blinded randomized trial

» Video 1 Live polyp size measurements using BF, ERs, and VSE.

ting was based on subjective impression and consensus of ade-
quate simulation of conditions encountered during live endos-
copy. The researchers have used the VSE in live patient cases
before developing the simulated environment to gain experi-
ence measuring polyps in real time (NCT05236790). An initial
set of simulated polyps were developed and used for testing
and training purposes. The final study was conducted in a set
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of simulated polyps that had not been seen or measured by
the endoscopists before conducting the study measurements.

Study procedures

Real-time examples of polyp measurement during the conduc-
tion of the study are presented in » Fig.2 and » Video 1. Endos-
copists performed measurement of polyps using three different
measuring aids. The VSE (SCALE EYE, Fujifilm, Tokyo, Japan) is a
novel endoscope utilizing a laser to triangulate polyp distance
and projecting a virtual scale on the endoscopy screen that ad-
justs in size to the polyp distance (»Fig.1). The scales can be
cycled through four modes using the endoscope: 1 to 10mm
linear, 1 to20mm linear, 1 to 10 mm circular (projection of a 5-
and 10-mm circle on the screen), 1 to 20mm circular (projec-
tion of a 10- and 20-mm circle on the screen, » Fig.2). These
scales originate from the point of contact of the laser with the
polyp and change in size according to the distance of the endo-
scope with the polyp to project an accurate scale in real time as
the endoscope moves within the colon (»Video 1). The ER (Na-
poleon measuring device, Micro-Tech Endoscopy, Michigan,
United States) is a small measuring device that can be inserted
through the channel of an endoscope, with small graduations 1
mm apart up to a total of 15mm (» Fig.2). The opening wing-
span of the BF used for the study (Single-Use Radial Jaw Biopsy
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Forceps, Boston Scientific, Massachusetts, United States) was
measured with a caliper as being 9mm wide (» Fig. 2).

Before participation, endoscopists were given a 10 min trial
where they individually measured tests polyps not included in
the study to familiarize themselves with all the tools before
their participation. No feedback was given as to polyp sizes or
correctness of their measurements during this time and no
other endoscopist was present during the trial or the study
measurements to prevent the risk of bias. Endoscopists started
the procedure by inserting the colonoscope inside the plastic
tubing and identifying the first polyp through numbering
placed next to each polyp (» Fig.2). Once the polyp was visual-
ized, the endoscopist asked the research assistant who had
knowledge of true polyp sizes and concealed randomization as-
signment (CH) to be made aware of the randomization assign-
ment for the polyp, and a timer was initiated to indicate the
start of the measuring process. The endoscopist then used the
tool assigned to measure the largest diameter of the polyp and
assign the dimension of the polyp. Once the endoscopist stated
the dimension of the polyp, the timer was stopped, and the
measurement documented by the researcher (CH). The endos-
copist then proceeded to measure each subsequent polyp
using the next randomly assigned tool until all 60 polyps were
measured. Each tool (ER, BF) was completely removed from
the endoscope and laid on the endoscopy table after each
measurement and reinserted after the timer has started to cap-
ture the time needed to deploy the tool as part of the measure-
ment process. A second research assistant (MT) assisted all
endoscopists in deploying, opening, and closing the measuring
devices and was also blinded to polyp sizes and randomization
assignment. At the end of the endoscopist participation in the
study, polyp sizes were unblinded only to endoscopists having
completed the measurements. Endoscopists were not allowed
to communicate to each other about their experience before
having finished all measurements and endoscopists were not
allowed to be present in the room to observe other study cases
before they finished their experiments in order to prevent in-
troduction of bias in outcomes or expectations.

Data collection and outcomes

Data was collected during the study by a researcher (CH) and
entered in an excel sheet. Primary outcome was relative accura-
cy in polyp size measurement defined as 100* (1- |measure-
ments by each tool-true value|/true value). Secondary out-
comes included mean difference from true size stratified by
measurement method; mean difference from true size strati-
fied by endoscopist experience; correlation between each
measurement methods and actual size; interobserver agree-
ment among trainees and experienced endoscopists for each
measurement method; misclassification of sizes at the 5-, 10-,
and 20-mm thresholds; required time for size measurement
with each method for trainees and experienced endoscopists;
the changes in the relative accuracies of measurements with
each methods and for trainees and experienced endoscopists.
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Sample size and statistical analysis

A simulation study determined that the relative accuracy VSE
for estimating size was 84 % [6]. There is no report for accuracy
of the Napoleon ruler compared to actual size. In order to de-
tect a 5% difference in relative accuracy (power 92% and a=
0.05), each group required 120 measurements (20 measure-
ments by 6 endoscopists). Descriptive statistics were presented
as crude number and frequency. The relative accuracy, the
mean difference with actual size, and required time for meas-
urement by each method were presented as mean and standard
deviations. The interobserver agreements were calculated by
the interclass coefficient and presented with the P value of sig-
nificance. Paired t-test was used to estimate the differences be-
tween relative accuracies, mean differences, and the required
time for polyp size measurement. The difference in mean meas-
urements from the true value for every measurement tool was
compared using a one-way ANOVA test. Proportions of misclas-
sification of polyps for given sizes were compared using chi-
square tests. Scatter plots were used to present the changes in
the relative accuracies of measurements by each method dur-
ing the simulation. A two-tailed P<0.05 was considered as sta-
tistically significant for the primary outcomes. SPSS version
27.0 was used for analyses.

Results
Polyp characteristics

Polyp characteristics are shown in »Table1. The majority of
polyps were 1-9mm in size (61.6 %) and sessile (Is) in morphol-
ogy (78.3%). There was no clinically significant difference be-
tween for size and morphology features of polyps after random
assignment to the three measurement methods. No polyp was
excluded from our analyses.

Performance for polyp measurement

Six endoscopists performed a total of 360 measurements. A to-
tal of 120 measurements were performed with each method
(VSE, BF and ER). The relative accuracy of BF, ER, and VSE was
78.9% (95% Cl=76.2-81.5), 78.4% (95% Cl=76.0-80.8), and
82.7% (95% C1=80.8-84.8). There was no statistically signifi-
cant difference between the accuracy of BF and ER (P=0.8;
95% Cl=-3.09-4.02). VSE had statistically significantly higher
accuracy compared to BF (P=0.02) and ER (P=0.006) (» Table
2). The interclass coefficient for estimating interobserver
agreements among all endoscopists for BF and ER were 0.93
and for VSE was 0.96.Moreover, the interclass coefficient
among three trainees for BF and ER was 0.93 and for VSE was
0.98.The interclass coefficient among three experienced
endoscopists for BF and ER was 0.93 and was 0.94 for VSE. All
coefficients were statistically significant (P<0.001) (» Table 2).
The difference in mean measurements from the true value was
smaller for VSE (1.1mm) compared to BF (1.9mm) and ER
(2.2mm). VSE had statistically less difference between the
measurements obtained and the true polyps size compared to
the other measurement methods (P=0.007). Endoscopists
overall tended to underestimate polyp size. Size underestima-
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» Table 1 Polyp characteristics.

Variables N (%)

All measurement methods

Polyp size 60 (100.0)
1-5mm 14 (23.3)
6-9mm 23(38.3)
10-19mm 17 (28.3)
>20mm 6(10.0)
Paris classifications 60 (100.0)
Is 47(78.3)
Ip 2(3.3)
Isp 1(1.7)
lla 7(11.7)
llc 3(5.0)

Biopsy forceps Napoleon ruler VSE
120(100.0) 120(100.0) 120(100.0)
31(25.8) 29(24.2) 24(20.0)
42 (35.0) 50 (41.7) 46 (38.3)
35(29.2) 29(24.2) 38(31.7)
12(10.0) 12(10.0) 12(10.0)
120(100.0) 120(100.0) 120(100.0)
95(79.2) 98 (81.7) 89 (74.2)
4(3.3) 1(0.8) 7 (5.8)
1(0.8) 4(3.3) 1(0.8)
15(12.5) 13(10.8) 14(11.7)
5(4.2) 4(3.3) 9(7.5)

VSE, virtual scale endoscope.

» Table2 Performance of biopsy forceps, Napoleon ruler and virtual scale for polyp size estimation.

Tools Mean difference of measurements
by each tool against the true
measurements mm, (SD); P value

Biopsy forceps 1.9(2.9);<0.001

Napoleon ruler 2.2(2.9);<0.001

VSE 1.1(2.1);<0.001

VSE, virtual scale endoscope; SD, standard deviation.

tion by at least 1Tmm occurred in 57.5%, 65.0%, and 52.5% of
cases when using BF, ER, and VSE respectively. 37.5%, 30.8%,
and 38.3% of sizes were correct within 0.9 mm for BF, ER, and
VSE respectively.

Size misclassification

The percentages of polyps >5mm misclassified as <5mm in
size was higher with ER (20.9%) compared to BF and VSE
(15.7%, 9.4%, respectively). BF and ER did not misclassify
polyps <5mm as >5mm, but VSE misclassified 4.2 % of polyps
<5mm as >5mm. Moreover, 25.6%, 25.5%, and 22.5% of
polyps 210mm were misclassified as <10 mm with ER, BF, and
VSE, respectively. No polyp <10mm was misclassified as
>10mm with ER whereas 5.5% and 7.1 % polyps were misclassi-
fied with BF and VSE, respectively. The percentage of misclassi-
fications of polyps 220mm as <20mm was high with most
methods, however, VSE misclassified a lower percentage of
these polyps (8.3%) compared with BF and ER (66.7%, 75.0%,
respectively) (» Table 3).

Correlation between measure-
ments by each measurement tool

0.91(<0.001)
0.92(<0.001)

0.94 (<0.001)

Relative accuracy of measurements by
each tool against the true measure-

and the true measurements; P value ments, % (95 % confidence interval)

78.9% (76.2-81.5)
78.4% (76.0-80.8)

82.7% (80.8-84.8)

Variation in accuracy depending on time and
experience level

Trainees had lower relative accuracies compared with experi-
enced endoscopists when using either BF or ER. Experienced
endoscopists showed more consistent measurements over
time for BF measurements than trainees, whose relative accura-
cies decreased overtime (Supplementary Fig. 1a). The relative
accuracies of measurements with ER did not change overtime
(Supplementary Fig.1b). Interestingly, experienced endos-
copists had lower relative accuracies compared to trainees
with VSE, but they approached trainee accuracies at the end of
the simulation (Supplementary Fig. 1c).

Duration of size measurement

There was no statistically significant difference for duration of
measurements by three methods when all endoscopists were
included in the analysis. Trainees spent more time for measure-
ments with BF and experienced endoscopists spend more time
for measurements with ER. Experienced endoscopists spent
statistically significantly less time for size measurements than
trainees using ER or BF, however there was no statistically sig-
nificant difference when using VSE (» Table 4).
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» Table3 Polyp misclassification according to the cut-off of 5, 10, 20 mm with each measurement method.

Polyp size misclassifications, N (%)

>5mm misclassified as<5mm 14/89(15.7)

<5mm misclassified as>5mm 0/31(0.0)

=10 mm misclassified as<10mm 12/47 (25.5)

<10 mm misclassified as=10 mm 4/73(5.5)
>20mm misclassified as<20 mm 8/12(66.7)
<20 mm misclassified as=20mm 0/108 (0.0)

VSE, virtual scale endoscope.

Biopsy forceps

» Table4 Required time for complete measurement with each measurement method for trainees and gastroenterologists.

Measurement method|[required All endoscopists, seconds

time (SD)

Biopsy forceps 50.9(24.7)
Napoleon ruler 50.9(21.5)
VSE 49.4(30.2)

SD, standard deviation; VSE, virtual scale endoscope.

Discussion

In this blinded, randomized controlled trial measuring the size
of simulated colorectal polyps, we found that VSE had statisti-
cally significantly higher relative measurement accuracy when
compared with other routinely used measurement methods
such as BF or dedicated ERs. To our knowledge, this study pre-
sents the first head-to-head comparison of VSE to other meas-
urements with robust methodology controlling for potential
bias. We did not include a control group using visual estimation
of polyp sizes without assisting devices since it has already
proven to be generally fraught with measurement errors (one
study found that 62% of polyp sizes were misestimated by
>20%) and another found much lower accuracy when compared
to VSE [6, 14]. Two studies found 62.5% and 63.9% accuracy
using visual estimation as the only means of determining polyp
size [6, 7]. Given these significant differences between true
polyp size and visual estimation as well as previous data show-
ing superiority of VSE to visual assessment, endoscopists could
consider utilizing tools that can provide objective criteria to
guide size estimations if clinically significant results are found
in confirmatory studies reporting real world outcomes [7-9].
Multiple tools have been proposed to aid in estimating polyp si-
zes. For biopsy forceps-based measurements, performance is
highly variable with one study showing only 37% of polyps
measured correctly within 1 mm [9]. Another found 75% accu-
racy using biopsy forceps-based measurement [7]. For the ER,
there is currently no large study establishing performance.
One small proof of concept study using the ER in 36 polyps
found that one polyp visually assessed as 6 to 9mm was meas-
ured as<5mm using the ER and two polyps visually assessed
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Napoleon ruler VSE P value
19/91(20.9) 9/96 (9.4) 0.09
0/26 (0.0) 1/24 (4.2) 0.29
11/41 (26.8) 11/50 (22.0) 0.86
0/79 (0.0) 5/70(7.1) 0.07
9/12(75.0) 1/12(8.3) 0.002
0/108 (0.0) 2/108(1.2) 0.13
Trainees, seconds Gastroenterologists, seconds P value
(sb) (SD)
61.4(26.9) 40.4(16.8) <0.001
56.1(22.4) 45.7(19.3) 0.007
54.2 (27.7) 32.1(4.1) 0.09

as>10mm were measured as 6 to 9mm [8]. However, the study
lacked gold standard measurement of polyps after resection to
determine true size [8]. For the VSE, one proof of concept study
found a 84 % relative accuracy that was superior to visual esti-
mation (63.9 %) when using symmetrical silicone polyps placed
on simulated colonic folds for frontal visualization [6]. Our
study adds to the available literature by demonstrating that
among measurement devices, VSE yields significantly more ac-
curate measurements within a blinded randomized trial. Our
study also utilized polyps of various sizes and Paris class mor-
phology with more lateral placements which more closely re-
sembles routine clinical experience as opposed to symmetrical
Paris Is polyps visualized in frontal view as used in a previous
study [6]. We have created our simulation environment based
on our initial clinical experience with VSE or single-use in-
strument guided polyps size measurement in patients
(NCT05236790). Our simulated environment, with its higher
variety in polyp shapes, sizes, and positioning, was likely more
challenging in comparison to the previous VSE study which like-
ly explains the relatively lower accuracy observed in our study
(84% vs 82.7%). However, we found that relative measurement
accuracy remained high independent of polyp size, Paris mor-
phology, or endoscopist experience level, outperforming other
measurement devices. Furthermore, activation of VSE func-
tionality contributes to easier uptake, feasibility in routine clin-
ical practice and less waste generation compared to single-use
instruments [15].

One important aspect of correct polyp size measurement
lies in the implementation of resect-and-discard and diagnose-
and-leave strategies [16]. To allow for implementation, polyps
need to be correctly classified at the 5-mm threshold. Oversiz-
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ing will lead to suboptimal implementation of the strategies,
however, undersizing would more importantly lead to larger
polyps left in situ or discarded without pathology analysis, po-
tentially increasing the risk of interval CRC in patients. In our
study, VSE misclassified one polyp as >5mm vs 0 for ER and BF,
however, it incorrectly classified a lower percentage (9.4%) of
polyps as diminutive when compared with ER (20.9%) or BF
(15.7%). This could lead to potentially safer implementation of
resect-and-discard and diagnose-and-leave strategies [16].

In our study, fellows performed at a similar level as experi-
enced endoscopists with no statistically significant differences
in relative accuracy using the three tools. There was a slight
learning curve for experts when using the VSE with improve-
ments in their relative accuracy throughout polyp size determi-
nation whereas fellows had relatively stable accuracies
throughout the study when using VSE. Both fellows and experts
had decreases in their relative accuracies when using BF as the
study progressed with a more significant decrease for fellows.
This could be explained by the relative difficulty in estimating
polyp sizes using BF and fatigue playing a larger role in inexper-
ienced endoscopists. The VSE, therefore, CAN be a potentially
useful tool across all experience levels and could counteract
endoscopist fatigue in inexperienced endoscopists especially
for afternoon procedures when endoscopists are most likely to
be tired.

Artificial Intelligence (Al) has been proposed as an alterna-
tive for polyp size measurement in one study [17]. However,
the authors state that due to the difficulty of acquiring datasets
with ground truth information on polyp size Al based systems
are difficult to develop. Instead of presenting measurement ac-
curacy based on deviation of obtained measurement from true
size, the authors chose to test if the Al-based system can distin-
guish>5mm polyps from diminutive polyps which was possible
in 80% [17]. Similar to VSE, Al-based technology would have
the advantage of not necessitating additional tools for polyp
sizing. However, to date no Al system that can be used in live
endoscopy is available and systems for clinical implementation
will have to provide measurement granularity in millimeter size
ranges. Another Al study found improved performance over
open BF; however, it did not report on relative accuracy or clin-
ical outcomes such as misclassification at the 5-, 10-, or 20-mm
threshold or superiority over measurements with BF or ERs [18].
Given the ability of VSE to provide reliable measurements, it
could be also used as a tool to capture ground truth information
datasets to advance Al or integrate Al technology into future
VSE updates. In the future, a combination of laser-based dis-
tance measurement and Al could prove useful for determining
accurate polyp sizes. Studies to evaluate VSE performance in
live endoscopy cases are currently underway.

The strength of our study lies in the inclusion of a robust de-
sign with adequate power to undertake subgroup analysis for
endoscopists of varying experience and polyp sizes and
morphologies. The large number of measurements randomized
between the three tools with endoscopists being rigorously
blinded to the true size reduced the potential for bias. The in-
cluded polyp sizes and morphologies reflecting the distribution
observed in clinical practice is an added strength. Limitations of
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our study include the simulated nature of the study, although a
real-time measurement study in patients is currently ongoing
(NCT05236790). In vivo studies are important for validation of
these tools, however, specimen shrinkage, fragmentation of
specimens, difficulty of en-bloc resection and retrieval of larger
polyps pose challenges for evaluating size measurement tools
in vivo. Performing studies on artificial polyps of known size
can therefore provide valuable insights to establish the size
measurement accuracy of these tools. Furthermore, our study
is limited by our selection of single-use size measurement devi-
ces. We chose BF and ERs because it incorporated the most
commonly used device (BF) and a dedicated endoscopic meas-
urement device. However, there are other measuring tools
available and further head-to-head comparison with VSE might
be warranted. Another limitation is the relatively small number
of polyps 210mm and 220 mm which limits interpretation of
analyses for these size categories. A subsequent study with lar-
ger numbers of polyps 210 mm and =20 mm will be performed
by our group to provide adequate power in determining mis-
classification of these tools at the 10- and 20-mm threshold.
Last, future studies will need to establish clinical significance
of endoscopic measurement devices beyond showing pure
measurement accuracy. Future studies will have to evaluate if
endoscopic measurement devices such as VSE have an impact
on classifying polyps correctly based on size thresholds that in-
fluence clinical decision making (i.e. 3, 5, 10 and 20mm) [19,
20]. Accurate classification has implications for choosing ap-
propriate polypectomy methods and appropriate surveillance
intervals while misclassification of <10 and 210mm polyps
could pose a risk of assigning much longer surveillance inter-
vals thus incurring the risk of interval CRC [3,21,22]. Our study
was not designed to evaluate misclassification of polyp sizes
and further research is warranted.

Conclusions

In conclusion, in a blinded, randomized trial using simulated
polyps we found that VSE had statistically significant higher re-
lative accuracy in measuring polyps compared to ER or BF assis-
ted measurement. VSE improves correct classification of polyps
at clinically important size thresholds. Further studies evaluat-
ing clinical use of VSE and clinical implications of this technolo-
gy have been initiated.
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