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Observational Study

Biopsy forceps are useful for measuring esophageal varices in vitro

Duan ZH et al. BF improves estimation of EV
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Abstract

BACKGROUND

To avoid acute variceal bleeding in cirrhosis, current guidelines recommend screening
for high-risk esophageal varices (EV) by determining variceal size and identifying red
wale markings. However, visual measurements of EV during routine endoscopy are

often inaccurate.

AIM
To determine whether biopsy forceps (BF) could be used as a reference to improve the

accuracy of binary classification of variceal size.

METHODS

An in vitro self-made EV model with known sizes ranging from 2 to 12 mm in diameter
was constructed. An online image-based survey comprising 11 endoscopic images of
simulated EV without BF and 11 endoscopic images of EV with BF was assembled and
sent to 84 endoscopists. The endoscopists were blinded to the actual EV size and

evaluated the 22 images in random order.

RESULTS

The respondents included 48 academic and four private endoscopists. The accuracy of
EV size estimation was low in both the visual (13.81%) and BF-based (20.28%) groups.
The use of open forceps improved the ability of the endoscopists to correctly classify the

varices by size (small < 5 mm, large > 5 mm) from 71.85% to 82.17% (P < 0.001).

CONCLUSION
Visual estimation is insufficient for accurate classification of EV according to size. This
study showed that the use of BF as a reference may improve the accuracy of EV size

assessment, and its use in clinical practice should be investigated.
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Core Tip: This study explored whether biopsy forceps (BF) could be used as a reference
to improve the accuracy of binary classification of variceal size. Our results showed that
visual estimation was insufficient for accurate classification of EV according to size, and
the ability of endoscopists to correctly classify the varices by size improved significantly

with the use of BF.

INTRODUCTION

Accurate size estimation of esophageal varices (EV) is essential for determining the
exact diagnostic category, appropriate therapy, and observational intervals for patients
with liver cirrhosis!3l. Visual estimation is currently the most commonly used method,
but the estimation of EV size during endoscopy is highly inconsistent among different
endoscopists/+6l, with only fair to moderate interobserver agreements reflected by
kappa values between 0.38-0.59. In clinical practice, a cut-off diameter of 5 mm is used
to classify varices as either large or small. However, misclassification of variceal size
may occur due to the lack of a reference during endoscopy and variable degrees of air
insufflationl’l. As inaccurate assessment of variceal size may negatively influence the
management of liver cirrhosis, the development of an method for accurate variceal size
measurement has received much attention in recent years. Although the use of biopsy
forceps (BF) has been advocated as a reference to improve the accuracy of variceal size
classification, there are currently no reported validity data. We therefore aimed to
investigate whether the use of BF improves the accuracy of variceal size estimation.
Since accurate measurement of exact EV diameter is difficult in clinical practice, we
constructed an in vitro EV model with a known variceal size as the gold standard for

this simulation study.
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MATERIALS AND METHODS

In vitro esophagus model and artificial silicone EV

An in vitro self-made esophagus model was constructed and modified by affixing 22
silicone varices (Figures 1 and 2). A common type of BF (Model 220824, Hangzhou
Kangsheng Medical Equipment Limited Corporation, Hangzhou, China) was used in
this study. The maximum opening distance between the two cups of the BF was
approximately 6 mm. The exact EV size was determined by manually measuring the
varices using calipers and calculating the average of three measurements using the
rounding-off method. An Olympus GIF H260 gastroscope (Olympus, Tokyo, Japan)
was used. The simulated EV with known exact variceal size was then used to evaluate
the potential of BF for improving the accuracy of EV size estimation. An image-based
online test was compiled and completed by 52 endoscopists to compare the accuracy of

conventional visual estimation with estimations using BF as a reference point.

Study participants and protocol

An experienced endoscopist (Duan ZH) performed all the gastroscopic procedures and
high-definition endoscopic images were saved. Eleven varices with known sizes,
ranging from 2-12 mm in diameter, were photographed using a gastroscope without BF
as a reference. The varices were subsequently photographed using BF as a reference
during endoscopy. The BF were viewed at approximately the same length and location
in all the images (Figure 2).

A total of 84 endoscopists were invited to participate in this study by Wechat, as per
“Wenjuanxing”, an online survey platform. Inclusion criteria for the endoscopists
included voluntary participation in an anonymous, online image-based test and
submission after completing all answers. Each endoscopist completed a questionnaire
that included 30 questions on age, sex, professional experience, type of practice setting,
and number of gastroscopies performed per year. All the participants were blinded to

the actual sizes of the simulated varices and were asked to assess the largest diameter of
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each of the 11 artificial varices, first without BF and then with BF as reference. For each
EV, the participants had to choose the size as a whole number ranging from 2-15 mm.
The images were shown to the participants in random order and participants could not
go back to revise previous answers.

The study was approved by the institutional review board of Xingtai People’s
Hospital on June 28, 2023 (approval No. 2023046). Patient consent was not required as
no patient data were collected. Each participant volunteered for the study and provided

informed consent for participation in this anonymous online survey.

Sample size calculation

To date, the accuracy of open BF-based estimation of EV size compared with visual
estimation has not been reported on. A minimum of 499 measurements were needed in
both the visual estimation and open BF-based estimation groups for an independent test
with a power of 80%, a = 0.05. This study included 572 measurement datapoints for

each of the two groups.

Statistical analysis

The measurement error was calculated by subtracting the gold standard from the
corresponding estimation result. Continuous variables were expressed as mean + SD,
and categorical variables were expressed as frequencies and percentages. The Student’s
t-test was used to compare differences in measurement error of the two estimation
methods. The overall accuracy of classifying variceal size categories was compared
using the y? test. Statistical significance was set as P < 0.05 (two-tailed). G*Power
(Version 3.1.9.7 for Windows) was used to compute the sample size. SPSS version 25.0

(IBM Corp., Armonk, NY, United States) was used for the statistical analysis.

RESULTS

Participant characteristics
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Fifty-two endoscopists, including 48 academic and four private endoscopists,
responded and completed the online survey. The average gastroscopic experience was
11.0 £ 6.9 years, and 37 participants performed more than 500 gastroscopies yearly
(Table 1). The endoscopists first performed a visual evaluation of 11 images of
simulated varices with known exact sizes, then they evaluated the images using BF as a
reference. A total of 1144 measurements were collected (572 in the visual group and 572

in the open BF group).

Measurement accuracies using the visual and open BF methods

The exact measurement accuracies using the visual and open BF-based estimation
methods were 13.81% and 20.28%, respectively (P = 0.004) (Table 2). The use of open BF
significantly improved the accuracy of correctly classifying large varices (> 5 mm), but
did not improve the accuracy of classifying small varices (< 5 mm) (Table 2). Table 3
shows the number of exact classifications of simulated EV with actual diameters

ranging from 2 mm to 12 mm by visual or open BF-based estimation.

Size classification of varices using of an open BF

When the varices were classified as small (£ 5 mm) or large (> 5 mm), the use of open
BF improved the accuracy of the estimated sizes (percentage of measurements where
the varices were classified correctly into the correct size category) (P < 0.001) (Table 3).
When data from participants with less experience (< 500 gastroscopies per year, n = 15)
were analyzed separately, the use of BF improved the overall accuracy of categorizing
the size from 75.15% to 85.45% (P = 0.019).The greatest improvement was observed for
large varices, with the classification accuracy of all 52 endoscopists improving from

64.56% to 78.85% (P < 0.001) (Tables 2 and 3).

DISCUSSION
Upper gastrointestinal bleeding due to EV in patients with portal hypertension is

associated with high morbidity and mortality ratesl'l. As the risk of variceal bleeding is
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assessed by variceal sizelll, accurate measurement of EV size is important. We therefore
aimed to improve the accuracy of endoscopists to estimate EV size. Comparison of the
accuracy of open BF-based estimation with visual estimation of EV size in a simulated
esophagus model revealed that the ability of endoscopists to correctly classify varices
by size (small vs large) is significantly improved by the use of open BF. A previous
study by Li et all®l evaluated the efficacy of an endoscopic diameter ruler in vitro;
however, handling of the endoscopic ruler was complex and increased the cost. A study
by Jin et al reported that a virtual ruler based on artificial intelligence was more
accurate in measuring variceal diameter in clinical practice; however, the sample size of
the study was small (1 = 7), and the gold standard for variceal diameter was unknown.
Notably, both the virtual and endoscopic rulers®’ require placement of external
devices that are not used in routine endoscopic practice. In contrast, BF are used in
routine endoscopic procedures, and two studies!'®'] have confirmed that BF-based
estimation is more accurate than visual estimation, which is consistent with our results.

Although previous studies show that endoscopists often estimate the size of
esophageal lesions inaccurately when using conventional endoscopy, with an overall
incorrect estimation rate of 67.9%[12], there are few studies on the accuracy of EV size
determination that report the actual EV sizes[®l. An in vitro study by Li et all®l used
columnar objects that mimicked varices, but their shapes were dissimilar to those of the
human esophagus and varices. In contrast, our silicone EV model exhibited greater
similarity to these structures.

This study had some limitations. First, it was limited by the use of a simulation
model, which was required as measuring the actual sizes of EV in clinical practice is
difficult. To validate BF measurements in humans in follow-up studies, we will select
physicians who demonstrated a high accuracy in variceal size measurement when
participating in this study. Second, the shape of the varices in our model differs from
the shape of human varices. However, as our preclinical study focused primarily on the
maximum diameter of the veins, it is reasonable to assume that the use of BF may be

feasible in future studies in humans.
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This study had several strengths. First, we introduced a self-made, simple, low-cost,
artificial EV model with specified variceal sizes. Second, we used still images with
similar viewing distances and angles when taking photographs during endoscopy to
strictly control the experimental conditions, such as image distortion from the eye lens
of the gastroscopel'3l. Third, the sample size was large, including 52 participants and
1144 measurements; this exceeded the sample size of a previous study (680
measurements)14, and thus represented the largest study to date to evaluate

endoscopic and BF-based estimation of variceal size.

CONCLUSION

In conclusion, the use of open BF can significantly improve EV binary classification
accuracy. Additional clinical studies using BF during gastroscopy are needed to

validate our results.

ARTICLE HIGHLIGHTS

Research background

Accurate estimation of esophageal varices (EV) is essential because variceal diameter is
used to determine the exact diagnostic category, appropriate therapy, and observational
intervals for patients with liver cirrhosis. However, visual estimation of EV size by

endoscopists are often inaccurate.

Research motivation

Upper gastrointestinal bleeding due to EV is associated with high morbidity and
mortality rates. As the risk of variceal bleeding is assessed by variceal size, accurate
measurement of EV size is important. We therefore need to improve the accuracy of

endoscopists to estimate EV size.

Research objectives
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We aimed to evaluate whether open biopsy forceps (BF) can be used to improve the

accuracy of binary classification of EV size.

Research methods
A simulated EV model with known EV sizes was constructed. An online image-based
test comprising 11 endoscopic images of simulated EV without BF and 11 endoscopic

images of EV with BF was evaluated in random order by 52 endoscopists.

Research results
The ability of endoscopists to correctly classify the varices according to size (small, <5
mm vs large, > 5 mm) was improved from 71.85% to 82.17% with the use of open BF (P

< 0.001).

Research conclusions
This study showed that using open BF as a reference may improve the assessment of
variceal size. However, its use in clinical endoscopy practice requires further

investigation.

Research perspectives
Using open BF as a reference may significantly improve the accuracy of esophageal
variceal size binary classification. Additional clinical studies using BF during

gastroscopy are required to confirm our findings.
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