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[bookmark: _Hlk143898278]Abstract
BACKGROUND
We invented Endoscopic Ruler, a new endoscopic device to measure the size of varices in patients with cirrhosis and portal hypertension.

AIM
To assess the feasibility and safety of Endoscopic Ruler, and evaluate the agreement on identifying large oesophageal varices (OV) between Endoscopic Ruler and the endoscopists, as well as the interobserver agreement on diagnosing large OV using Endoscopic Ruler.

METHODS
We prospectively and consecutively enrolled patients with cirrhosis from 11 hospitals, all of whom got esophagogastroduodenoscopy (EGD) with Endoscopic Ruler. The primary study outcome was a successful measurement of the size of varices using Endoscopic Ruler. The secondary outcomes included adverse events, operation time, the agreement of identifying large OV between the objective measurement of Endoscopic Ruler and the empirical reading of endoscopists, together with the interobserver agreement on diagnosing large OV by Endoscopic Ruler.

RESULTS
From November 2020 to April 2022, a total of 120 eligible patients with cirrhosis were recruited and all of them underwent EGD examinations with Endoscopic Ruler successfully without any adverse event. The median operation time of Endoscopic Ruler was 3.00 min [interquartile range (IQR): 3.00 min]. The kappa value between Endoscopic Ruler and the endoscopists while detecting large OV was 0.52, demonstrating a moderate agreement. The kappa value for diagnosing large OV using Endoscopic Ruler among the six independent observers was 0.77, demonstrating a substantial agreement.

CONCLUSION
The data demonstrates that Endoscopic Ruler is feasible and safe for measuring the size of varices in patients with cirrhosis and portal hypertension. Endoscopic Ruler is potential to promote the clinical practice of the two-grade classification system of OV.
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Core Tip: We invented Endoscopic Ruler, a new endoscopic device to measure the size of varices in patients with cirrhosis and portal hypertension. This study demonstrates that Endoscopic Ruler is feasible and safe for measuring the size of varices in patients with cirrhosis and portal hypertension. Endoscopic Ruler is potential to promote the clinical practice of the two-grade classification system of oesophageal varices.

INTRODUCTION
Oesophageal varices (OV) is a common complication among patients with cirrhosis and portal hypertension[1]. The prevalence of OV is approximately 30%-40% and 85% in compensated and decompensated cirrhosis respectively[2]. Variceal haemorrhage is a potential lethal complication of OV with a six-week morality of 15%-25%[3]. Given the mortality and morbidity associated with variceal haemorrhage, esophagogastroduodenoscopy (EGD) is recommended as a golden standard for the early detection and screening of high-risk OV in the current guidelines[1-4]. EGD screening is generally performed by endoscopists with different levels of experience. In the procedure, operators assess the locations and sizes of OV according to subjectivity. Therefore, accuracy and consistency in the classification of OV performed by endoscopists will have direct effect on subsequent management.
The recent Baveno VII consensus emphasizes a 2-grade classification system of OV followed from the management perspective[1] in which the varix size is quantitatively classified into either small (< 5 mm) or large (≥ 5 mm). This system was initially created by the North Italian Endoscopy Club, which found the high-risk features of variceal bleeding and was endorsed in the Baveno I consensus meeting in 1992[5,6]. However, this quantitative system is not widely used in clinical practice probably due to the following limitations: A doubtful accuracy due to varix size assessment demanding high-level experience in specialized centers; a lack of data on the interobserver agreement and reproducibility. To overcome these limitations, we invented Endoscopic Ruler, a novel endoscopic device to measure the size of varices in patients with cirrhosis and portal hypertension. The primary aim of this pilot study was to evaluate the feasibility and safety of Endoscopic Ruler. The secondary aim was to assess the agreement on detecting large OV between the objective measurement of Endoscopic Ruler and the empirical reading of endoscopists, as well as the interobserver reliability on identifying large OV using Endoscopic Ruler.

MATERIALS AND METHODS
Study patients and design
This study was a multicenter pilot study (CHESS2005, ClinicalTrials.gov identifier: NCT04639323), in which we prospectively and consecutively recruited cirrhotic patients from 11 hospitals in China from November 2020 to April 2022. Inclusion criteria were: (1) Confirmed cirrhosis based on clinical, biochemical and radiology findings; (2) A schedule to undergo EGD screening; (3) Age between 18 and 75 years; and (4) A written informed consent. Patients were excluded for the following: Active upper gastrointestinal bleeding and without OV diagnosed via EGD (including isolated gastric varices).
The study protocol conformed to the ethical guidelines of the Declaration of Helsinki, and was approved by the Institutional Review Board of principle research institutions. A written informed consent was obtained from all enrolled participant. All authors had an access to the study data and reviewed the final manuscript.

Endoscopic Ruler device and procedure
EGD examinations were performed using GIF-HQ290 (Olympus, Japan), GIF-H260Z (Olympus, Japan), or EG-601WR (FUJINON, Japan), with Endoscopic Ruler. Endoscopic Ruler consists of three parts: A tip, a sheath and an operating handle. The measurement range of Endoscopic Ruler is 1-10 mm. There are ten black alternating with white grids and the width of each grid is 1 mm (Figure 1). The procedures were carried out by one specific experienced endoscopist (have performed EGD examinations for more than 10 years and regularly performed endoscopic variceal ligation for at least 3 years) at individual centers. Ten to fifteen minutes before EGD, topical pharyngeal anaesthesia was applied to the posterior pharynx (dyclonine hydrochloride mucilage, 8-10 mL oral, 10 mL/dose; China).
An empirical interpretation of OV performed by endoscopists was prior to the measurement of Endoscopic Ruler and the results would be recorded by a specific recorder at individual centers. Endoscopic Ruler was inserted through the biopsy channel of EGD and with its tip kept in the sheath until the sheath was sent into the region of interest. Endoscopists controlled the direction of the tip according to the angle of EGD and the location of lesions to make Endoscopic Ruler parallel with the target OV (the largest one), and then the varix size was measured. After measurement, Endoscopic Ruler could be drawn out slowly with the tip shut (Figure 2). All major findings with and without Endoscopic Ruler were recorded on digital pictures.

Study outcomes
The primary outcome was the successful measurement of varix size using Endoscopic Ruler: From Endoscopic Ruler being sent into the region of interest, the largest OV being measured, to Endoscopic Rule being drawn out. Secondary outcomes were the safety, operation time of Endoscopic Ruler, agreement on diagnosing large OV between the empirical reading of endoscopists and the objective measurement using Endoscopic Ruler as well as interobserver reliability on diagnosing large OV using Endoscopic Ruler. 
Safety was assessed according to adverse events associated with the procedures. Operation time was calculated from the time when Endoscopic Ruler was inserted through the biopsy channel of EGD to that when it was drawn out, which was recorded by recorders. Large OV was defined as those with the largest varix size ≥ 5mm[1]. A total of 120 sets of pictures of the 120 patients enrolled with and without Endoscopic Ruler were digitally stored., ten of whom were randomly selected to explore the interobserver agreement. Six independent blinded observers excluding the endoscopists who recorded the procedures evaluated the selected records, including three experienced endoscopists who had performed EGDs more than ten years and regularly performed dedicated lists for variceal screening as well as endoscopic variceal ligation and three inexperienced endoscopists who performed EGD for five to ten years but hadn’t performed regular variceal screening or endoscopic variceal ligation.

Statistical analysis
Categorical data was expressed as numbers (percentages), and continuous variables were expressed as mean (standard deviation) or median (IQR). The agreement on diagnosing large OV between the empirical reading of endoscopists and the objective measurement using Endoscopic Ruler as well as the interobserver reliability on diagnosing large OV using Endoscopic Ruler were assessed according to the kappa value. Cohen's kappa was used in case of two observations (i.e. agreement between endoscopists and Endoscopic Ruler) and Fleiss kappa in case of more than two observations (i.e. interobserver reliability). Kappa values were considered as a slight agreement between 0 and 0.20, a fair agreement between 0.21 and 0.40, a moderate agreement between 0.41 and 0.60, a substantial agreement between 0.61 and 0.80 as well as an almost-perfect agreement between 0.81 and 1.00[7]. A P value of < 0.05 was considered significant. All statistical calculations were performed with R language (version 4.1.3, R Core Team, 2022).

RESULTS
Study population
From November 2020 to April 2022, 122 patients with cirrhosis from 11 hospitals in China were recruited, two of whom with isolated gastric varices were excluded. There were 120 patients involved in the final analysis (mean age of 54.02 years; male 59.17%). Of them, the main etiology of cirrhosis was Hepatitis B virus infection (n = 82, 68.33%). The number of patients with Child-Pugh A, B, and C were 43 (35.83%), 59 (49.17%) and 18 (15.00%) respectively. Baseline characteristics of the enrolled patients were summarized in Table 1.

Feasibility, safety and operation time of Endoscopic Ruler
All the 120 patients underwent EGD examinations with Endoscopic Ruler successfully, without any adverse event (n = 0, 0%) related to EGD or Endoscopic Ruler. The median operation time of Endoscopic Ruler was 3.00 min (IQR: 3.00 min) (Table 2).

Agreement on detecting large OV between Endoscopic Ruler and endoscopists
Endoscopic Ruler detected large OV in 101 (84.17%) patients and endoscopists identified 94 large OV among them. In seven cases, the diagnosis of large OV by Endoscopic Ruler was not found by endoscopists. Endoscopic Ruler detected small OV in 19 (15.83%) patients and endoscopists identified small OV in 11 of them. In eight cases, the diagnosis of small OV by Endoscopic Ruler was not confirmed by endoscopists (Figure 3). The agreement between Endoscopic Ruler and endoscopists on diagnosing large OV was moderate, with a kappa value of 0.52 [95% confidence interval (95%CI): 0.31-0.73].

Interobserver reliability on detecting large OV
The agreement among the six independent observers on detecting large OV was substantial, with a kappa value of 0.77 (95%CI: 0.61-0.93). The kappa scores on detecting OV using Endoscopic Ruler were 0.71 (95%CI: 0.36-1.00) with a substantial agreement among the three experienced endoscopists, and the same [0.71 (95%CI: 0.36-1.00), P = 1.00] among the three inexperienced endoscopists, respectively (Table 3). The kappa score of the overall agreement on detecting OV through the empirical reading of endoscopists among six observers was 0.52 (95%CI: 0.36-0.68), demonstrating a moderate agreement, and it was significantly smaller than that using Endoscopic Ruler (P < 0.05). The kappa score on detecting OV by empirical reading of endoscopists was 0.57 (95%CI: 0.21-0.93) among the three experienced endoscopists, greater than that [0.40 (95%CI: 0.04-0.76)] among the three inexperienced ones (P < 0.05).

DISCUSSION
A careful endoscopic evaluation is one of the cornerstones for the full-course management of cirrhosis and portal hypertension as well as care of OV[8]. The application of the 2-grade classification system is recommended in the Baveno VII consensus, which has previously been validated as a predictor of variceal haemorrhage[1,2,5]. It is crucial to ensure that OV needing treatment is acted on if the present and accurate classification of small and large OV is the key. At present, the measurement of the varix size is mainly performed visually by endoscopists with subjectivity. Besides, biopsy forceps and other physical standards are applied in some trials but not clinical practice and the aforementioned methods are of a limited credibility and repeatability[9-11]. Shimoda et al[12] reported a virtual scale endoscope (VSE) to help estimate the size of colorectal lesions in real time during colonoscopy. However, its usefulness of VSE was evaluated in a virtual environment instead of actual clinical settings, nor was it applied to measure the size of varices[12]. Li et al[13] demonstrated a self-made virtual endoscopic measuring scale with a moderate accuracy but didn’t conduct a clinical evaluation on its efficacy.
To our knowledge, the present study is the first to demonstrate a special-designed endoscopic device, Endoscopic Ruler, for varix size measurement in clinical trials. Endoscopic Ruler succeeds in measuring the varix size of all enrolled patients without any adverse event associated to the procedures. Endoscopic Ruler is feasible and safe for measuring varix size, meanwhile, its median operation time is only 3.00 minutes, which avoids significant increase of procedural time and complication risk[14]. 
The agreement analysis demonstrated a moderate agreement between the objective measurement of Endoscopic Ruler and the empirical reading of endoscopists on the diagnosis of large OV. However, there were seven (5.83%) large OV according to Endoscopic Ruler that was misdiagnosed as small OV by endoscopists and eight (6.67%) small OV according to Endoscopic Ruler that was wrongly diagnosed as large OV by endoscopists. That is, without any consideration for other high-risk factors of OV (red signs or Child-Pugh C), there might be 5.83% of patients misdiagnosed with non-high-risk OV, who would miss the primary prophylaxis of variceal bleeding; there might be 6.67% of patients wrongly diagnosed with high-risk OV, who might receive an overtreatment. Moreover, the overall kappa value on detecting OV among the six observers using Endoscopic Ruler was greater than that through the empirical reading of endoscopists (0.77 vs. 0.52, P < 0.05). The subjective nature of differentiating small OV from large OV remains a challenge for the 2-grade classification varix system.
The interobserver reliability results suggested that Endoscopic Ruler decreased such discrepancies. Besides, our study revealed that the kappa values on detecting large OV using Endoscopic Ruler were similar with that performed by experienced endoscopists and inexperienced endoscopists (0.71 vs. 0.71, P = 1.00), while the kappa value on detecting OV through the empirical reading of endoscopists among experienced endoscopists was greater than that among inexperienced endoscopists (0.57 vs. 0.40, P < 0.05). That is, with the application of Endoscopic Ruler, the value of an experienced operator was weakened, and it might improve the management of patients with cirrhosis and portal hypertension in non-tertiary hospitals without experienced endoscopists. Overall, Endoscopic Ruler might help to optimize the accuracy of the 2-grade classification system for OV followed from a management perspective.
Recently, non-invasive tools, such as Baveno VI criteria[1,15], the liver stiffness- spleen diameter to platelet ratio score[16], capsule endoscopy[17], and other emerging methods have been identified as complementary parameters of EGD to detect and screen high-risk OV[18-20]. However, the use of EGD interpretation by endoscopists as reference standard might bring bias due to the subjectivity and a lack of substantial agreement. Endoscopic Ruler might be used to normalize and promote the development of novel non-invasive methods for OV screening.
There were still some limitations. The sample size was limited. A well-designed real-world study of Endoscopic Ruler augmenting the sample size and introducing the follow-up and clinical data would be needed for its further popularization in clinical practice. In addition, although adverse events occurred in no procedures of the present study, Endoscopic Ruler had the potential risk to injure patients, such as mucosal damage during operation. Therefore, we improved Endoscopic Ruler according to endoscopists’ experience as follows: (1) Enhancing the contrast of the scale at the tip for easy reading; (2) Shortening the scale range and shrinking the tip for retaining the function of detecting large OV as well as reducing the risk of adverse damage; (3) Adding a feature of synchronous rotation for more convenient practice; and (4) Optimizing the design of more smooth edge for reducing the risk of damage. Figure 4 shows the improved version of the structure.

CONCLUSION
In conclusion, our study demonstrates that Endoscopic Ruler is feasible and safe for measuring the size of varices in patients with cirrhosis and portal hypertension. Endoscopic Ruler is potential to promote the clinical practice of the two-grade classification system of OV.

ARTICLE HIGHLIGHTS
Research background
Esophagogastroduodenoscopy (EGD) screening is usually performed by endoscopists with different levels of experience, and the they assess the locations and size of oesophageal varices (OV) according to the subjectivity. The recent Baveno VII consensus emphasized 2-grade classification system of Ovs followed from a management perspective, and the 2-grade classification system quantitatively classifies varix size into either small (< 5 mm) or large (≥ 5 mm).

Research motivation
The quantitative system is not widely used in clinical practice probably due to following limitations: Doubtful accuracy due to varix size assessment demanding high level of experience in specialized centers; lack of data on the interobserver agreement and reproducibility. We invented Endoscopic Ruler, a new endoscopic device to measure the size of varices in patients with cirrhosis and portal hypertension.

Research objectives
This study aims to assess the feasibility and safety of Endoscopic Ruler, and evaluate the agreement on identifying large OV between Endoscopic Ruler and the endoscopists, as well as the interobserver agreement on diagnosing large OV using Endoscopic Ruler.

Research methods
We prospectively and consecutively enrolled patients with cirrhosis from 11 hospitals, all of whom got EGD with Endoscopic Ruler. The primary study outcome was a successful measurement of the size of varices using Endoscopic Ruler. The secondary outcomes included adverse events, operation time, the agreement of identifying large OV between the objective measurement of Endoscopic Ruler and the empirical reading of endoscopists, together with the interobserver agreement on diagnosing large OV by Endoscopic Ruler.

Research results
From November 2020 to April 2022, a total of 120 eligible patients with cirrhosis were recruited and all of them underwent EGD examinations with Endoscopic Ruler successfully without any adverse event. The median operation time of Endoscopic Ruler was 3.00 min (IQR: 3.00 min). The kappa value between Endoscopic Ruler and the endoscopists while detecting large OV was 0.52, demonstrating a moderate agreement. The kappa value for diagnosing large OV using Endoscopic Ruler among the six independent observers was 0.77, demonstrating a substantial agreement.

Research conclusions
Endoscopic Ruler is feasible and safe for measuring the size of varices in patients with cirrhosis and portal hypertension.

Research perspectives
Endoscopic Ruler weakened the value of an experienced operator and it might improve the management of patients with cirrhosis and portal hypertension in the non-tertiary hospitals without experienced endoscopist. Endoscopic Ruler might help to optimize the accuracy of the 2-grade classification system of OV followed from a management perspective. Endoscopic Ruler might normalize and promote development of novel non-invasive methods for OV screening.
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Figure Legends
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Figure 1 Diagram of Endoscopic Ruler. A: The tip of Endoscopic Ruler; B: The structure of Endoscopic Ruler. 1: Tip; 2: Sheath; 3: Operating handle.
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Figure 2 Measurement procedure of Endoscopic Ruler. A and B: The operating handle of Endoscopic Ruler (A) when the tip is shut (B); C and D: The operating handle of Endoscopic Ruler (C) when the tip is open (D).
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Figure 3 Representative examples of measurement of varix size by Endoscopic Ruler. A: Small varices by endoscopists (varix size = 3-4 mm); B: Large varices by Endoscopic Ruler (varix size = 5 mm).
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Figure 4 Diagram of improved Endoscopic Ruler. I: Clear scale; II: Shorter tip; III: Synchronous rotation; IV: More smooth edge.

Table 1 Baseline characteristics of patients
	[bookmark: OLE_LINK42]Parameters
	Patients (n = 120)

	Age (yr), mean (SD)
	54.02 (11.90)

	Sex n (%)
	

	Male
	71 (59.16%)

	Female
	49 (40.83%)

	Complication, n (%)
	

	Ascites
	36 (30.00%)

	Hepatocellular carcinoma
	5 (4.17%)

	Etiology, n (%)
	

	Hepatitis B infection
	82 (68.33%)

	Alcoholic liver disease
	11 (9.17%)

	Autoimmune 
	6 (5.00%)

	Primary biliary cirrhosis
	4 (3.33%)

	Hepatitis C infection
	2 (1.67%)

	Others
	15 (12.50%)

	Child-Pugh Class, n (%)
	

	Class A
	43 (35.83%)

	Class B
	59 (49.17%)

	Class C
	18 (15.00%)

	Laboratory tests, median (IQR)
	

	Platelet count (109/L)
	70.00 (59.75)

	Alanine aminotransferase (U/L)
	26.50 (21.10)

	Aspartate aminotransferase (U/L)
	32.00 (22.00)

	Albumin (g/L)
	34.04 (9.45)

	Total bilirubin (μmol/L)
	26.27 (23.90)

	Prothrombin time (s)
	14.25 (3.40)

	Creatinine (μmol/L)
	61.10 (21.35)


[bookmark: OLE_LINK22]SD: Standard deviation; IQR: Interquartile range.

Table 2 The feasibility, safety, operation time of Endoscopic Ruler, and the agreement on diagnosing large oesophageal varices between endoscopists and Endoscopic Ruler
	Outcome
	Patients (n = 120)

	Primary outcome
	

	Technical success of Endoscopic Ruler, n (%)
	120 (100.00%)

	Secondary outcomes
	

	Adverse events, n (%)
	0 (0.00%)

	Operation time (min), median (IQR)
	3.00 (3.00)

	Kappa value
	0.52 (95%CI: 0.31- 0.73)


[bookmark: _Hlk110478016][bookmark: OLE_LINK11]95%CI: 95% confidence interval; OV: Oesophageal varices; IQR: Interquartile range.

Table 3 The interobserver reliability on detecting large oesophageal varices
	Assessment
	Raters
	Kappa value  (95%CI)

	Objective measurement of Endoscopic Ruler
	
	

	All observes
	6
	0.77 (0.61-0.93)

	Experienced endoscopists
	3
	0.71 (0.36-1.00)

	Inexperienced endoscopists
	3
	0.71 (0.36-1.00)

	Empirical reading of endoscopists
	
	

	All observes
	6
	0.52 (0.36-0.68)

	Experienced endoscopists
	3
	0.57 (0.21-0.93)

	Inexperienced endoscopists
	3
	0.40 (0.04-0.76)


95%CI: 95% confidence interval.
[bookmark: _Hlk145333513]
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