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Abstract

Background & Aims: The American Association for the Study of Liver Diseases rec-
ommends the use of a 2-grade classification system (small and large) to describe the
size of oesophageal varices (OV). Data on observer agreement (OA) on this system
are currently lacking. We aimed to evaluate this classification and compare it to the
widely used 3-grade classification (grade 1 ‘small’, grade 2 ‘medium’, grade 3 ‘large’)
among operators of variable experience.

Methods: High-definition video recordings of 100 patients with cirrhosis were pro-
spectively collected using standardised criteria. Nine observers of variable experi-
ence performed independent evaluations of the videos in random order. OV were
scored using both systems. All assessments were repeated a year later by the same
observers to assess intra-observer agreement.

Results: Interobserver agreement (all observers) using the 2-grade and the 3-grade
system was k = 0.71 (95% Cl: 0.64-0.78) and k = 0.73 (95% Cl: 0.66-0.79) respectively.
When using the 2-grade system, intra-observer agreement between hepatologists
(n = 3), luminal gastroenterologists (n = 3) and trainee gastroenterologists (n = 3) was
k =0.89 (95% CI: 0.86-0.91), k = 0.72 (95% Cl: 0.67-0.77), and k = 0.74 (95% Cl: 0.67-
0.8) respectively. With the 3-grade system; intra-observer agreement between the
same three subgroups were k = 0.9 (95% Cl: 0.87-0.92), k = 0.73 (95% Cl: 0.68-0.78),
k =0.77 (95% Cl: 0.71-0.82) respectively.

Conclusions: There was no difference in OA between the 2-grade and 3-grade classi-
fication systems. Hepatologists had significantly higher levels of consistency in grad-
ing OV. This may have implications to create alternative training models for residents

and fellows in the recognition and grading of OV.
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1 | INTRODUCTION

Oesophageal varices (OV) are a common finding in patients with liver
disease. They occur in approximately 40% and 70% of patients with
compensated and decompensated cirrhosis respectively.! Acute
variceal bleeding is a life-threatening complication of OV with a
6-week mortality ranging between 16% and 26%.%° Guidelines rec-
ommend endoscopic surveillance of patients with known cirrhosis or
portal hypertension.* Index endoscopic assessments are frequently
performed by endoscopists with varying levels of experience in liver
disease and portal hypertension. During the procedure, the operator
ascertains the location, size and appearance of the varices according
to standard criteria.

The objectives of endoscopic assessment for variceal screening
are two-fold. The first objective is to assess if varices are present
or absent. The second objective if varices are present, is to deter-
mine whether or not they require treatment with non-selective beta
blockers or endoscopic band ligation (EBL).* The latter decision is
primarily based on the varices size and/or presence of high-risk
features.* The timing of repeat procedures is also determined by
the presence and size of varices. Therefore the accuracy and con-
sistency in the classification of varices by endoscopists will have a
direct effect on subsequent management.

The Japanese Research Society for Portal Hypertension orig-
inally described the 3-grade classification system which is still
widely used.’ It involves scoring varices as grade 1 (small), straight
small calibre varices; grade 2 (medium), moderately enlarged,
beady varices covering less than one-third of the lumen; and grade
3 (large), markedly enlarged, nodular or tumour-shaped varices
occupying more than one-third of the lumen.®’ The American
Association for Study of Liver Disease (AASLD) proposed the
2-grade classification system. This system was originally created
by the North Italian Endoscopy Club who found it to be predictive
of variceal bleeding.® The system was endorsed by a consensus
meeting (Baveno I, 1992).% It involves classifying variceal size into
either small or large. The classification can be quantitative with
a cut-off diameter of 5 mm as measured by an open biopsy for-
ceps or semi quantitative using grade 1 above as small and grade
2/grade 3 as large. The quantitative approach is not widely used
in clinical practice because of its challenging nature and doubtful
accuracy. The technical difficulty is created by the variable degree
of air insufflation, breathing pattern and peristalsis. Endoscopic
examination should be performed on both minimal and maximal
insufflation in order to avoid misclassification (Figure 1). Clinically,
grades 2 and 3 are regarded as varices needing treatment and
treated the same way.

Data on the interobserver agreement and therefore reproduc-
ibility of the 2-grade classification system are lacking. Moreover,
this system has not been compared to the more widely used 3-grade
approach in adults. The primary aim of this study was to compare
observer agreement (OA) on variceal classification using the 2-grade
vs the 3-grade system. The secondary aim was to assess the impact

of observer experience on the level of agreement.

Key points

e Increased blood pressure in the abdomen can happen
as a result of scarring of the liver. Blood vessels around
the food pipe are fragile and often do not tolerate an
increase of their pressure. This puts them at risk of rup-
turing into the food pipe leading to blood vomit which
could be a threat to life.

e A camera test is advisable to check the state of the food
pipe blood vessels. During the camera test, a careful
evaluation of such blood vessels is important. According
to the camera test evaluation, treatment is indicated in
the form of medications to decrease the pressure or di-
rect application of elastic bands on to the blood vessels.

e |nthis study we compared the observer agreement using
two different grading systems for evaluation of the food
pipe blood vessels. We also tested the impact of ob-
server experience on their consistency of evaluation.

o We found that there was no significant difference be-
tween the two grading systems. However, there was a
significantly higher consistency amongst experienced
observers in identifying the presence and stage of such
risky blood vessels. These results may have implications

on training and service redesign.

2 | METHODS
2.1 | Study design

This was a prospective repeatability and reproducibility study in a
tertiary referral centre (Nottingham University Hospitals NHS Trust,
Nottingham, UK). All the participants provided written informed
consent and this study received approval from the East Midlands
Nottingham 1 research ethics committee. Endoscopy procedures
were performed between 31 July 2012 and 25 February 2014 using
a high definition system and videos were digitally recorded. Nine
independent observers assessed OV on the video recordings. The
same nine observers as well as the reference observer re-assessed
the same video recordings after an interval of at least 1 year to as-

sess for intra-observer agreement.

2.2 | Participants and interventions

We recruited consecutive patients with a clinical diagnosis of cir-
rhosis who were scheduled for a diagnostic gastroscopy as part of
screening or surveillance for OV during their routine clinical care.
All procedures were performed by a single experienced endos-
copist (Performed more than 1000 procedures and regularly per-
formed EBL for at least 3 years). A 9.8-mm diameter high definition
endoscope (GIF-H260; Olympus Key-Med) was used. A standardised
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FIGURE 1 Corresponding images of
oesophageal varices Grade 1/small (A);
Grade 2/large (B) and Grade 3/large (C)
during deflation (left panel) and maximum
inflation (right panel)

(A) Grade 1 (Baveno small) - deflation
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(A) Grade 1 (Baveno small) - inflation

(B) Grade 2 (Baveno large) - deflation

(C) Grade 3 (Baveno large) - deflation

recording protocol was used after analgesia and/or sedation (Table
S1). Prior to unsedated procedures, topical pharyngeal anaesthesia
was applied to the posterior pharynx (5-10 sprays, Lidocaine 10 mg/
dose, Xylocaine; AstraZeneca). In case of patient preference for se-
dation, Midazolam (Hameln Pharmaceuticals Ltd) with or without
pethidine was used.

2.3 | Rating and data collection

One-hundred anonymised video recordings from 100 patients were
digitally stored (evaluation set). Nine blinded endoscopists (observ-
ers) excluding the endoscopist who recorded the procedures evalu-

ated all the videos independent of each other and in a random order.

(B) Grade 2 (Baveno large) - inflation

(C) Grade 3 (Baveno large) - inflation

The observers included the following groups (a) Three hepatologists
who regularly perform dedicated lists for variceal screening and EBL
at our unit. (b) Three luminal gastroenterologists who performed
more than 500 gastroscopies but do not perform regular variceal
screening or EBL. (c) Three trainee gastroenterologists who had per-
formed between 200 and 500 gastroscopy procedures. Each of the
nine observers underwent a 30-minute training session using eight
separate representative video recordings and a series of 11 still im-
ages to demonstrate the 2- and 3-grade classification systems.

The observers were asked to record their findings including: (a)
presence or absence of OV. (b) Grade of OV according to the 2-grade
classification system (small or large). (c) Grade of OV according to the
3-grade classification system (grade 1, 2 or 3). (d) Quality of video on

a visual analogue scale of 0-10 (O = unclear views rendering diagnosis
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with confidence impossible, 10 = excellent views allowing for diagnosis
with utmost confidence). Semiquantitative morphological assessment

of variceal size was used by observers for both classification systems.

2.4 | Outcome measures

The primary outcomes were inter- and intra-observer agree-
ment among the nine assessors using each of the two classifica-
tion systems. Secondary outcomes were inter- and intra-observer
agreement among the nine assessors stratified by level of expe-
rience (hepatologists vs luminal gastroenterologists vs trainee

gastroenterologists).
2.5 | Statistical analysis and sample size calculation
Outcomes were measured using either intraclass correlation co-

efficient (ICC) or kappa (k) statistic as appropriate, both of which
summarise agreement within or between observers in comparison

TABLE 1 Baseline characteristics of patients and videos
(n=100)

Variable Value

Patient
Male gender 62%
Age (y) 60.4 (SD + 13.7)
Prevalence of varices (reference endoscopy) 50%

Sedation
Midazolam (mg) 2 (IQR0-3.13)
Pethidine (mg) 0 (IQR 0-25)

Video

49 (IQR 38-73)
7.5 (range 5-9)
48%

Duration (s)
VAS scores (median)

Prevalence of varices on video assessments
(mode of 19 observations)

Abbreviations: IQR, interquartile range; VAS, visual analogue score.

to the probability of agreement by chance. Test statistics were gen-
erated according to published methodologies as follows.” For cat-
egorical data (ie varices present vs varices absent), Cohen's kappa
was used in case of two observations (ie intra-observer agreement)
and Fleiss kappa in case of more than two observations (ie interob-
server agreement). For ordinal data (ie 2-grade staging system and
3-grade staging system), absolute agreement ICC was used, analysis
of variance was performed using a two-way random effects model
of individual values. The interpretation of test values was according
to the guidance provided by Landis and Koch who described values
<0 as ‘no agreement’, 0-0.20 as ‘slight agreement’, 0.21-0.40 as ‘fair
agreement’, 0.41-0.60 as ‘moderate agreement’, 0.61-0.80 as ‘sub-

stantial agreement’, and 0.81-1 as ‘almost perfect agreement’.*°

2.6 | Sample size calculation and statistical analysis

The total number of videos required for analysis was calculated using
the method suggested by Zou.!! Assuming a true test-value of 0.59
(based on previous literature),*? our nine observers were required to
rate a minimum of 93 videos to yield 80% power with a confidence
interval £ 0.12 for agreement.12

A total of 19 assessments were performed for each video includ-
ing; nine initial assessments by the observers; nine interval assess-
ments by the observers; as well as one interval assessment by the
reference endoscopist.

R-statistical computing (R version 3.4.1, Vienna, Austria) was used
for analysis. The R-library was used to calculate interobserver reliabil-
ity (irr). The R-libraries ‘reshape2’ and ‘ggplot2’ were used for data vi-
sualisation and ‘ICC.sample.size’ was used for sample size calculation.*

3 | RESULTS
3.1 | Baseline characteristics
One-hundred patients were recruited to the evaluation set to allow

for low quality videos or missing data. A summary of the descriptive
statistics can be found in Table 1.

TABLE 2 Prevalence of variceal

Z-grade 3-grade stages according to different evaluations.
0 1 2 0 1 2 3 Interval evaluations were performed at
. least 12 months apart. Mode marks the
Hepatologist 49.3 20 30.7 49.3 19 23 8.7 mode of all video evaluations performed
Interval hepatologist 47.3 23,3 29.3 47.3 21 22.3 9.3 (n = 19). Reference denotes results of the
Luminal 38.7 31.3 30 38.3 30 21 10.7 original endoscopy evaluation and report
Interval luminal 41 31.3 27.7 41 29.3 22 7.6
Trainee 40 29.3 30.7 40 29.3 22.7 8
Interval trainee 51.7 22.7 25.7 51.7 22.7 17.3 8.3
Mode 48 24 28 48 24 21 7
Reference 50 34 16 50 29 13 8



FATEEN ET AL.

3.2 | Prevalence of OV

During the original endoscopic evaluation the reference en-
doscopist graded 50%, 34% and 16% of tests (n = 100) as absent
varices, small and large (2-grade system) respectively. Using the
3-grade system, the reference graded 50%, 29%, 13% and 8%
of tests as absent varices, grade 1, grade 2 and grade 3 respec-
tively. Agreement between the reference endoscopist and the
mode of 19 video observations was ICC = 0.76 (95% Cl: 0.67-
0.83). Table 2 outlines the prevalence of scoring grades accord-
ing to various evaluations performed. Absence of varices was
almost identical using both grading systems. There was a con-
sistent drop in the prevalence of grade 1 when using the 3-grade
system as compared to grade ‘small’ using the 2-grade system,
this was not statistically significant (chi-square test; P = .3).
Figure S1 provides a summary of scores provided during all as-

sessments performed.

3.3 | Observer agreement
3.3.1 | Interobserver agreement

Overall agreement (among all nine observers at the initial assess-
ment) on the presence of varices, 2-grade system and 3-grade sys-
tem was k = 0.61 (n = 9, 95% Cl: 0.53-0.69), k = 0.71 (n = 9, 95%
Cl: 0.64-0.78) and k = 0.73 (n = 9, 95% Cl: 0.66-0.79) respectively.
Interobserver agreement amongst subgroups of observers is out-
lined in Table 3 and Figure 2.

3.3.2 | Intra-observer agreement

Overall agreement (repeat observations after at least 12 months)
on the presence of varices, 2-grade system and 3-grade system was
ICC = 0.72 (95% Cl: 0.69-0.75), ICC = 0.78 (95% Cl: 0.76-0.8) and
ICC = 0.8 (95% ClI: 0.78-0.82) respectively. Intra-observer agree-
ment amongst subgroups of observers is outlined in Table 3 and
Figure 3.

3.4 | Impact of experience on observer evaluation

Hepatologists had significantly higher intra-observer agree-
ment on the presence vs absence of varices as well as usage of
2-grade and 3-grade staging systems in comparison to the other
groups. This is evidenced by non-overlapping 95% confidence
intervals of ICC values as shown in Figure 3. Hepatologists had
significantly higher interobserver agreement on the presence vs
absence of varices in comparison to trainee gastroenterologists.
Interobserver agreement otherwise was similar between the

three groups Figure 2.

iver WILEY-—%
INTERNATIONAL

TABLE 3 Agreement on variceal assessments as tested by nine
observers initially and subsequently repeated after an interval of at

least 1 year

Presence or absence of varices

Interobserver agreement

Assessment Raters
All observers 9
Hepatologists 3
Luminal gastroenterologists 3
Trainees 3

Intra-observer agreement

Assessment

All observers
Hepatologists
Luminal gastroenterologists

Trainees

2-stage classification system

Interobserver agreement

Assessment Raters
All observers 9
Hepatologists 8
Luminal 3

gastroenterologists

Trainees 3

Intra-observer agreement

Assessment

All observers

Hepatologists

Luminal gastroenterologists

Trainees

3-stage classification system

Interobserver agreement

Assessment Raters
All observers 9
Hepatologists

8
Luminal gastroenterologists 3
8

Trainees

Intra-observer agreement

Assessment

All observers

Hepatologists

Luminal gastroenterologists

Trainees

Abbreviation: Cl, confidence interval.

k-value (95% CI)
0.61(0.53-0.69)
0.73(0.63-0.8)

0.59 (0.47-0.69)
0.48 (0.33-0.61)

k-value (95% Cl)

0.72(0.69-0.75)
0.84 (0.8-0.87)

0.66 (0.59-0.72)
0.65 (0.56-0.72)

ICC-value (95% CI)
0.71(0.64-0.78)
0.75 (0.65-0.82)
0.7 (0.56-0.78)

0.65 (0.5-0.75)

ICC-value (95% CI)

0.78 (0.76-0.8)
0.89 (0.86-0.91)
0.72(0.67-0.77)
0.74 (0.67-0.8)

1CC-value (95% Cl)
0.73(0.66-0.79)
0.77 (0.7-0.84)
0.73(0.61-0.82)
0.7 (0.52-0.78)

ICC-value (95% CI)

0.8(0.78-0.82)
0.9 (0.87-0.92)
0.73(0.68-0.78)
0.77 (0.71-0.82)
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FIGURE 2 Interobserver

agreement stratified by experience,
Y-axis presents test-values with error
bars demonstrating 95% confidence

s intervals. The assessments on the X-axis
in order from left to right: presence

of varices, size according to 2-grade
classification and size according to
3-grade classification. The figure
compares agreement between hepatology
observers (n = 3) in comparison to luminal
gastroenterology observers (n = 3) and
trainee observers (n = 3). H, hepatologist;
LG, luminal gastroenterologist; T, trainee
gastroenterologist
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FIGURE 3 Intra-observer agreement
(stratified by experience) between

an initial assessment followed by an
interval assessment at least 1 year. Y-axis
presents test-values with error bars
demonstrating 95% confidence intervals.
The assessments on the X-axis in order
from left to right: presence of varices, size
according to 2-grade classification and
size according to 3-grade classification.
The figure compares agreement of
hepatologists (n = 3) in comparison to
luminal gastroenterologists (n = 3) and
trainees (n = 3). H, hepatologist; LG,
luminal gastroenterologist; T, trainee
gastroenterologist
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4 | DISCUSSION

Careful endoscopic evaluation is one of the cornerstones in manage-
ment of OV. The AASLD recommends the use of a 2-grade classifica-
tion system which has been previously validated as a predictor of
variceal haemorrhage as opposed to the 3-grade system. Our study
shows that there is no difference in both inter- and intra-observer
agreement between the two systems among observers of variable
experience. Hepatologists had significantly higher intra-observer
agreement compared to the other two groups (Figure 3). Therefore,
they may be better suited for assessing OV as they appear to be
more consistent in evaluating varices over time.

The interobserver agreement of the 2-grade system was com-
pared to the 3-grade system on a previous study. On this study, pre-
specified criteria was used to grade varices using both systems. The
investigators used videotape recordings from 206 patients who took
part in a prophylaxis trial published in 1999 (post hoc analysis and
results published in 2003 in a letter to the editor). Recordings were

evaluated by four experts independently and blindly in a random

order. The kappa (k) values for agreement between the endoscopist's
diagnosis and the four experts were significantly better (k = 0.60) for
the 3-grade system compared with the 2-grade system (k = 0.38).
To our knowledge, this is the only classification that has been di-
rectly compared to the 2-grade system.'® These data have signifi-
cant shortcomings: firstly, it was published as a letter to the editor so
no critical appraisal of the methodology is possible; secondly, it was
based on video tape recording of 1990s endoscopic technology with
image resolutions far less than what is currently being used in clinical
practice; thirdly, recordings were reviewed by experts. Therefore,
this is unlikely to reflect current practice. Other studies investigating
interobserver agreement have also been published.*?>'*'? None of
the studies directly compared between the commonly used 3-grade
system vs the recommended 2-grade system in adults. We found
a significant improvement in intra-observer agreement with expe-
rience of the endoscopist (Figure 3). None of the Previous studies
evaluated for intra-observer agreement which is an important factor
in assessing the validity and reproducibility of a classification system

and can help rationalise performer allocation to endoscopy lists.
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Our study had several strengths. The infrastructure included the
use of modern, high definition endoscopes and recording performed
by a single reference endoscopist experienced in the assessment and
treatment of varices on a dedicated portal hypertension list each
week. All videos were prospectively recorded using the same stan-
dardised protocol set a priori (Table S1) in order to further reduce
operator bias. The use of video rather than still images enables more
realistic and unbiased views for observers representative of real-life
practice. Finally, we evaluated for interval intra-observer agreement
to assess which observers are likely to be more consistent with their
own decision-making over time and therefore may be more suited
for undertaking these procedures in clinical practice.

This study also has some limitations. The observers did not have
access to the clinical context or the complete endoscopic examina-
tion of the cases as they would do in real-life for practical reasons.
This is the case for the vast majority of OA studies. Knowledge of
gastric appearances, including presence of portal hypertensive
gastropathy and/or fundal varices, can inform judgement of OV in
some cases of uncertainty. Secondly, real-life agreement test-values
maybe lower than our study as a single endoscopist recorded the
procedure under standardised protocol, which is outlined in Table
S1. Which is never the case in real-life.

These data support the use of both the 3-grade and 2-grade clas-
sification systems; the latter has been validated as a predictor of vari-
ceal haemorrhage and is recommended by the AASLD clinical practice
guidelines.” The subjective nature of differentiating (a) no varices from
small varices and (b) small varices from non-small varices remains a
challenge. We found that usage of the 2-stage classification system
does not decrease such discrepancies. It is important to ensure that
varices needing treatment are acted on if present and correct classi-
fication is the key. Altering classification systems may not provide the
answer. This study highlights the value of an experienced operator.
Our study suggests that hepatologists, who all perform dedicated
varices lists at our centre, were more consistent as evidenced by the
significantly higher intra-observer agreement on both the presence vs
absence as well as the grade of OV (Figure 3). This is unlikely to be the
case for hepatologists who do not perform regular variceal screening.

Whether or not there is a ‘glass ceiling’ with subjective human
classification systems, ie possibly no classification system will im-
prove OA significantly, remains a matter for debate. While having
dedicated lists for OV screening performed by hepatologists in ter-
tiary centres may improve consistency in diagnosis and staging of
QV as well as treatment decisions, this may reduce the experience of
general endoscopists in other settings. Utilisation of better technol-
ogies to stratify for cirrhosis and OV including non-invasive markers
and MRI may have a future role.?’ More recently non-invasive tools
such as Baveno criteria,?>?? liver stiffness to spleen/platelet score?®
and platelet-spleen ratio score?* have been validated as good nega-
tive markers to predict the absence of OV. Such non-invasive tests
may help minimise the subjective nature of human classification sys-
tems and reduce the overall work-load of variceal screening endos-
copy. This will enable the evaluation of selected cases on dedicated

lists for the assessment of portal hypertension.
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This prospective investigation of the inter- and intra-observer
agreement among nine observers with 100 videos revealed sub-
stantial agreement using both the 2-grade and 3-grade classifica-
tion systems. This provides validity for using the 2-stage system
which has been validated as a predictor of variceal haemorrhage
and is recommended by the AASLD. Hepatologists had signifi-
cantly higher levels of consistency in identifying both the presence
and stage of OV. This may have implications to create alternative
training models for residents and fellows in the recognition and
grading of OV.
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