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Hypothesis/Objectives: Investigate interobserver and intraobserver reliability of an
established ordinal grading system and a novel visual analog scale (VAS), and assess
the influence of observer experience.

Animals: Sixty deidentified gastroscopy videos.

Methods: Six observers (3 specialists and 3 residents) graded videos using the EGUS
Council (EGUC) system and VAS. Observers graded the videos three 3 for each sys-
tem, using a cross-over design with at least 1 week between each phase. The order
of videos was randomized for each phase.

Methods: Interobserver and intraobserver reliability were estimated using Gwet's
agreement coefficient with ordinal weights applied (AC2) for the EGUC system and
the intraclass correlation coefficient (ICC) for the VAS.

Results: Using the EGUC system, interobserver reliability was substantial for squa-
mous (AC2 = 0.69; 95% confidence interval [Cl], 0.57-0.80) and glandular mucosa
(AC2 = 0.72; 95% Cl, 0.70-0.75), and intraobserver reliability was substantial for
squamous (AC2 = 0.80; 95% Cl, 0.71-0.90) and glandular mucosa (AC2 = 0.80; 95%
Cl, 0.74-0.86). Interobserver reliability using the VAS was moderate for squamous
(ICC = 0.64; 95% Cl, 0.31-0.96) and poor for glandular mucosa (ICC = 0.35; 95% ClI,
0.06-0.64), and intraobserver reliability was moderate for squamous (ICC = 0.74; 95%
Cl, 0.62-0.86) and glandular mucosa (ICC = 0.56; 95% Cl, 0.39-0.72).

Conclusions and Clinical Importance: The EGUC system had acceptable

intraobserver and interobserver reliability and performed well regardless of observer

experience. Familiarity and observer experience improved reliability of the VAS.

Abbreviations: 95% Cl, 95% confidence interval; AC2, Gwet's coefficient of agreement with ordinal weights applied; EGUC, Equine Gastric Ulcer Council; EGUS, equine gastric ulcer syndrome;
PS, practitioner's simplified; VAS, visual analog scale.
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1 | INTRODUCTION

Equine gastric ulcer syndrome (EGUS) is the most common disorder of the
equine stomach. Grading of EGUS lesions may inform treatment selec-
tion, comparison of the efficacy of different treatments, and the impact of
husbandry protocols on ulcer healing.*® For grading systems to be useful,
good inter- and intraobserver reliability are required” to facilitate compari-
sons of effects of treatments within and between studies and assessment
when multiple clinicians are involved in case management.

A simple gastric ulcer lesion grading system based on an ordinal scale
(0-4) was described in 1999 by the Equine Gastric Ulcer Council (EGUC).2
This grading system can be applied to the squamous and glandular
mucosa of the equine stomach.“® Other grading systems for EGUS have
been described, including a number/severity system,? the practitioner's
simplified (PS) scoring system,2®? and ordinal systems based on ulcer
depth and surface area.!®!! The EGUC grading system has higher inter-
observer reliability compared with the number/severity system,*? and
currently is recommended for assessment of the squamous mucosa.®
However, there is no consensus on or uniformity in the use of the EGUC
grading system, and uncertainty exists for glandular mucosa assessment.*

There are limitations in the assessment of disease when severity
varies along a continuum, as occurs in EGUS, because ordinal grading
systems require strict categorization of severity according to pre-
determined criteria or definitions. Visual analog scales (VAS) are used in
complex clinical contexts to facilitate assessment of subjective charac-
teristics that cannot be directly measured and allow users to integrate
multiple variables into a single continuous variable. Previously, VAS
have been used for grading of gastrointestinal lesions in humans®>*
and may provide advantages over an ordinal scale-based approach for
assessment of gastric ulceration in horses, including collection of contin-
uous data, which allows for different statistical analysis options.

Our aims were to investigate (a) interobserver and intraobserver
reliability of the EGUC grading system and a novel VAS for assess-
ment of squamous and glandular gastric mucosal lesions and (b) the
influence of observer experience on the outcomes for both systems.
We hypothesized that the use of a VAS would result in superior esti-
mates of reliability compared to the EGUC grading system and that
experienced observers would have higher reliability for grading of gas-

tric lesions than would less-experienced observers.

2 | MATERIALS AND METHODS

21 | Horses
Sixty prerecorded, deidentified gastroscopy videos, obtained from
horses during unrelated research projects, were used. For inclusion,

visualization of the greater curvature, margo plicatus, lesser curvature,

glandular mucosa, and pyloric antrum was required. Videos were
selected by a single technician who did not participate in the study,
and attempted to include an even distribution of lesion severity, based

on gastric mucosal appearance.

2.2 | Grading systems

Two grading systems were used: the EGUC system?® (Table 1) and a
novel VAS (Figure 1). The VAS was a 10 cm line anchored at both
ends with words descriptive of the maximal and minimal extremes of
the dimension being measured.'® The VAS is used as a 100-point con-
tinuous scale. Separate scores were recorded for the squamous and
glandular mucosa for both systems.

23 | Observers

Six observers were included: 3 specialists in equine medicine and 3 resi-
dents in equine disciplines (medicine, surgery and sports medicine). The
observers graded the videos 3 times for each system. The grading sys-
tems were used alternatively in a cross-over design with at least 1 week
between each of the 6 phases of the study. For each phase, the order
of videos was randomized to avoid pattern recognition that might con-

tribute to measurement bias and influence study validity.

2.4 | Statistical analysis

All statistical analyses were performed using R® Statistical Software
(R version 3.6.0 [2019]). For the EGUC system, intra- and

TABLE 1 The Equine Gastric Ulcer Council (EGUC) 5-point
ordinal grading system for grading squamous and glandular gastric
disease

Grade Squamous mucosa Glandular mucosa

0 The epithelium is intact and
there is no appearance of
hyperkeratosis

The epithelium is intact and
there is no appearance of
hyperemia

1 The mucosa is intact, but
there are areas of
hyperkeratosis

The epithelium is intact, but
there are areas of hyperemia

2 Small, single or multifocal Small, single, or multifocal
lesions lesions
8 Large single or extensive Large single or extensive

superficial lesions superficial lesions

4 Extensive lesions with areas  Extensive lesions with area of
of apparent deep apparent deep ulceration
ulceration



WISE ET AL

Journal of Veterinary Internal Medicine AC\?/I M | 573

Normal gastric

FIGURE 1 The visual analog scoring

American College of

ege of
Veterinary Internal Medicine

Involvement of all visible

system for grading the appearance of glandular mucosa |

squamous and glandular gastric mucosa

Normal gastric

glandular mucosa, no
normal mucosa visualized

Involvement of all visible

Squamous mucosa !

interobserver reliability were assessed using Gewt's coefficient of
agreement with ordinal weighting applied (AC2). Interpretation of
AC2 was derived from a previously proposed system'®: <0.20: poor,
0.21 to 0.40: fair, 0.41 to 0.60: moderate, 0.61 to 0.80: substantial,
and 0.81 to 1.0: excellent reliability.

For the VAS, observer reliability was estimated by calculation of
the intraclass correlation coefficient (ICC) based on a mean rating
(k = 6), absolute agreement, 2-way mixed effects model, and 95% con-
fidence interval (Cl). The benchmarking of ICC values was adapted
from previous studies*”*8: <0.50: poor, 0.50 to 0.75: moderate, 0.76
to 0.90: good, and >0.9: excellent reliability.

For both the squamous and glandular mucosa, interobserver reliabil-
ity coefficients were calculated for each of the 3 phases for each grading
system, and the mean and 95% Cl were calculated. Interobserver reliabil-
ity was calculated for the 3 experienced observers (observers 1-3) and
the 3 less-experienced observers (observers 4-6), and the mean and 95%
Cl were calculated for observer groups across the 3 phases.

The intraobserver reliability coefficients for the 6 observers were
calculated from ratings obtained over the 3 phases of the study for
each grading system. The mean and 95% CI for the reliability coeffi-
cients were calculated for all observers, experienced observers, and

less-experienced observers.

3 | RESULTS
3.1 | EGUS Council grading system
3.1.1 | Interobserver reliability

Results of the analyses of interobserver reliability of the EGUC system
for squamous and glandular gastric mucosa are provided in Figure 2
and Supplementary Item 1. Substantial interobserver reliability was
found for grading of squamous (mean AC2, 0.69; 95% Cl, 0.57-0.80)
and glandular mucosa (mean AC2, 0.72; 95% Cl, 0.70-0.75). Minimal
difference was found in interobserver reliability of squamous or glan-
dular mucosa over the 3 phases (Figure 2). Overall, experience had
limited influence on interobserver reliability for grading of squamous
or glandular mucosa (Figure 3, Supplementary Item 2), but experi-
enced observers had higher reliability (AC2, 0.77; 95% Cl, 0.70-0.83)
than did less-experienced observers (AC2, 0.62; 95% Cl, 0.52-0.72)
for glandular mucosal grading in Phase 1. Experienced observers dem-
onstrated improvement in interobserver reliability when grading squa-
mous mucosa between Phase 1 (AC2, 0.53; 95% ClI, 0.41-0.64) and
Phase 3 (AC2, 0.74; 95% Cl, 0.66-0.81).

squamous mucosa, no
normal mucosa visualized

1.0
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FIGURE 2 Results of Gwet's coefficient of agreement with
ordinal weighting applied (AC2) for interobserver reliability of
observers grading squamous and glandular gastric mucosa using the
Equine Gastric Ulcer Council (EGUC) system on 3 occasions. The
figure is presented as mean and 95% Cl

3.1.2 | Intraobserver reliability

The estimates of intraobserver reliability of the EGUC system for
squamous and glandular mucosa are provided in Table 2. Overall, sub-
stantial intraobserver reliability was found for assessment of both the
squamous (AC2, 0.80; 95% ClI, 0.71-0.90) and glandular mucosa
(AC2, 0.80; 95% Cl, 0.74-0.86) using the EGUC grading system.
Experienced observers had excellent and substantial intraobserver
reliability for EGUC system grading of squamous (mean AC2, 0.83;
95% Cl, 0.75-0.92) and glandular gastric mucosa (mean AC2, 0.79;
95% Cl, 0.73-0.85), respectively. Less-experienced observers demon-
strated substantial and excellent intraobserver reliability when grading
squamous (mean AC2, 0.77; 95% Cl, 0.45-1.0) and glandular mucosa
(mean AC2, 0.82; 95% ClI, 0.62-1.0), respectively. For individual observers,
experience had minimal influence on intracbserver reliability: pairwise
comparisons did not identify differences, with the exception of a lower
AC2 result for Observer 5 compared to Observers 1 and 3 for squamous

mucosal grading (Table 2).
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Phase 1 Phase 2 Phase 3 Phase 1 Phase 2 Phase 3

Glandular mucosa

AC2 glandular
experienced observers

AC2 squamous
experienced observers

AC2 Glandular
less experienced

observers

AC2 Squamous
less experienced

observers

Squamous mucosa

95% ClI
AC2  Lowerlimit Upperlimit AC2
Experienced
Observer 1 0.76  0.66 0.87 0.83
Observer 2 081 0.76 0.87 0.80
Observer 3 079 0.70 0.87 0.87
Mean (n = 3) 079 073 0.85 0.83
Less experienced observers
Observer 4 089 0.85 0.93 0.83
Observer 5 0.73 0.64 0.82 0.62
Observer 6 084 0.75 0.93 0.85
Mean (n = 3) 082 0.62 1.0 0.77
Overallmean(n=6) 080 0.74 0.86 0.80

FIGURE 3 Results of Gwet's
coefficient of agreement with ordinal
weighting (AC2) comparing the
interobserver reliability of experienced
observers (specialists in equine medicine)
and less-experienced observers (residents
in equine disciplines) grading squamous
and glandular gastric mucosa using the
Equine Gastric Ulcer Council (EGUC)
system on 3 occasions. The figure is
presented as mean and 95% Cl

TABLE 2 Results of Gwet's
coefficient of agreement with ordinal

95% Cl weighting (AC2) for the intraobserver
— — reliability of scoring of glandular and
Lower limit  Upper limit squamous gastric mucosa with the
Equine Gastric Ulcer Council (EGUC)
0.74 0.92 grading system. The mean AC2 has been
calculated for the intraobserver reliability
0.73 0.87 . e
of experienced observers (specialists in
0.83 0.91 equine medicine) and less experienced
0.75 0.92 observers (residents in equine disciplines)
0.78 0.88
0.50 0.74
0.80 0.91
0.45 1.0
0.71 0.90

3.2 | Visual analog scale

3.2.1 | Interobserver reliability
The estimates of the interobserver reliability of the VAS for grading
squamous and glandular gastric mucosa are provided in Figure 4 and
Supplementary Item 3. Overall, the interobserver reliability of the VAS
was moderate for squamous mucosal grading (mean ICC, 0.64; 95% Cl,
0.31-0.96) and poor for glandular mucosal grading (mean ICC, 0.35;
95% Cl, 0.06-0.64). Interobserver reliability was higher for grading of
the squamous mucosa than for glandular mucosa in Phase 2 (squamous
ICC, 0.64; 95% Cl, 0.53-0.73; glandular ICC, 0.26; 95% Cl, 0.15-0.40)
and Phase 3 (squamous ICC, 0.77; 95% Cl, 0.69-0.84; glandular ICC,
0.32; 95% Cl, 0.20-0.47), largely because of increasing reliability of
squamous mucosal grading over time (Figure 4; Supplementary ltem 3).
Overall, experience had an effect on the interobserver reliability
of the VAS. For both squamous and glandular mucosal grading, reli-
ability coefficients for experienced observers were higher than those
of less-experienced observers for all phases (Figure 5; Supplementary
Item 4), most notably for grading of the glandular mucosa in Phase

2 (Figure 5). Both experienced and less-experienced observers

demonstrated improvement in reliability of grading squamous mucosa
using the VAS from Phase 1 to Phase 3, whereas, overall, inter-
observer reliability for grading of the glandular mucosa was poor and

did not improve, regardless of experience (Figure 5).

3.2.2 | Intraobserver reliability

The estimates of intraobserver reliability of the VAS for grading of
squamous and glandular gastric mucosa are provided in Table 3. Over-
all, intraobserver reliability using the VAS system was good and
moderate for grading of the squamous (mean ICC, 0.74; 95% ClI,
0.62-0.86) and glandular mucosa (mean ICC, 0.56; 95% Cl, 0.39-
0.72), respectively. By group, experienced observers had good and
moderate intraobserver reliability for VAS grading of squamous
(mean ICC, 0.83; 95% Cl, 0.55-1.0) and glandular mucosa (mean ICC,
0.65; 95% Cl, 0.50-0.80), respectively, whereas less-experienced
observers had moderate reliability when grading squamous mucosa
(mean ICC, 0.67; 95% Cl, 0.46-0.86) and poor reliability for glandular
mucosal grading (mean AC2, 0.46; 95% Cl, 0.00-0.92). Individual

pair-wise comparisons indicated some differences with experience.
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For squamous mucosal grading, observers 4 and 6 had lower reliabil-
ity than did observers 1-3, whereas for glandular grading, observer 5
had lower reliability than did observers 1 and 3, and observer 4 had

lower reliability than did observer 3.

4 | DISCUSSION

We comprehensively investigated interobserver and intraobserver
reliability of the EGUC system and introduced a novel VAS for scor-
ing the endoscopic appearance of the equine stomach. Overall, the
EGUC system had substantial interobserver and intraobserver reli-
ability for grading of both squamous and glandular mucosa, and reli-

ability was minimally influenced by experience. The reliability of the

1:0=
0.9+
0.8
0.7
0.6
0.5+
0.4
0.3+
0.2
0.14

0.0 T T T T T
6@’\, 6‘2’% fé”% é”'\, 6‘2’% o
> > > > > >
QT QT Q& ©

ICC glandular

ICC squamous

Intraclass correlation coefficient

FIGURE 4 Results of the intraclass correlation coefficient (ICC),
1 way model, for the interobserver reliability of observers grading
squamous and glandular gastric mucosa using the visual analog scale
(VAS) on 3 occasions. The figure is presented as mean and 95% Cl
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VAS was more variable, with poor reliability for grading glandular
mucosa, and was influenced by observer experience and familiarity
with the system.

In our study, the EGUC system demonstrated substantial inter-
observer reliability and substantial to excellent intraobserver reliabil-
ity. These results are consistent with the findings of an earlier study in
which good interobserver agreement of the EGUC system was
reported.1? Similarly, ordinal grading systems are used for the assess-
ment of lameness, heart murmurs and ataxia in horses, and moderate
to substantial interobserver and intraobserver reliability and agree-
ment for these systems have been reported.'??? Given widespread
application of ordinal grading systems in veterinary clinical practice
and research, determination of intra- and interobserver agreement
and reliability of each system is important. Although agreement
reflects the extent to which scores, ratings or diagnoses are identical,
reliability is the ratio of variability between scores or ratings of the
same patients to the total variability of all scores in the sample and
represents the ability of a measurement to differentiate between
patients.?® Both agreement and reliability are important for the devel-
opment of rating scales and conduct of clinical studies, and provide
information on the error inherent in measurement, rating, or diagno-
sis.2% Although agreement is desirable for binary decisions, such as
whether to institute treatment or not, our results indicate good ability
of observers to distinguish between ulcer severity when using the
EGUC system, which remains important in clinical and research set-
tings because it indicates that this system can be used for comparison
among studies and assessment of animal responses to treatment and
management changes.

There was minimal influence of experience on the interobserver
or intraobserver reliability of the EGUC system. Within the group of
less-experienced observers, 2 of the 3 observers had no previous
experience in using the EGUC grading system. The experienced
observers all were specialists in equine internal medicine, with exten-
sive clinical and research experience using the EGUC grading system.
Our findings emphasize that interobserver and intraobserver reliability
of the EGUC system is not affected when used by observers unfamil-
iar with the grading system, or by observers experienced using the
system. Furthermore, interobserver reliability was not different when

grading squamous or glandular mucosa. Intracbserver reliability was

ICC glandular
experienced observers

ICC squamous
experienced observers

ICC glandular

less experienced observers

ICC squamous
less experienced observers

(VAS) on 3 occasions. The figure is 0.0 T T
presented as mean and 95% Cl

Phase 1 Phase 2 Phase 3 Phase 1 Phase 2 Phase 3
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TABLE 3 Results of the intraclass
correlation coefficient (ICC), one way

95% Cl model, for the intraobserver reliability of
— — grading squamous and glandular mucosa

Lower limit  Upper limit using the novel visual analog scale. The
mean ICC has been calculated for

0.64 0.83 experienced observers (specialists in
equine medicine) and less-experienced

0.78 0.90 . . . Lo
observers (residents in equine disciplines)

0.83 0.93

0.65 1.0

0.45 0.71

0.65 0.83

0.52 0.75

0.46 0.86

0.62 0.86

95% Cl
ICC Lower limit  Upper limit  ICC

Experienced

Observer 1 0.68 0.53 0.79 0.75

Observer 2 058 041 0.72 0.85

Observer 3 0.69 0.56 0.80 0.89

Mean (n = 3) 0.65 0.50 0.80 0.83
Less experienced observers

Observer 4 041 0.25 0.56 0.59

Observer 5 0.31 0.15 0.48 0.75

Observer 6 0.67 0.54 0.77 0.64

Mean (n = 3) 046 0.0 0.92 0.67

Overallmean (n=6) 0.56 0.39 0.72 0.74

slightly better than interobserver reliability, possibly reflecting differ-
ent interpretation of the EGUC system scale among individuals, but
good ability of individual observers to repeatedly apply the grading
system scale in the same way. Intraobserver reliability has been
reported to be higher than interobserver reliability for other ordinal

19.24.25 \which may reflect consistency in the interpre-

grading systems,
tation or application of the grading system within observers, but dif-
ferences in interpretation of the grading system among observers.2%
Differences in interpretation of a grading system have been specu-
lated to be affected by clinical experience and opinions of the disorder

being assessed.?®

However, the impact of experience on interobserver
or intraobserver reliability of the EGUC grading system was minimal in
our study.

In our study, reliability of the EGUC system was estimated using
Gwet's weighted agreement coefficient (AC2). In previous studies,
Gwet's AC statistics have been found to provide good estimates of
intra- and interobserver reliability for categorical scoring systems in
human medicine.?”?? Gwet's AC1 is a first-order agreement coeffi-
cient that is an alternative to the kappa coefficient and adjusts the
overall probability of agreement for chance agreement.*° Although
the AC1 statistic can be used for any number of raters, this coefficient
is used primarily for nominal data. The second-order agreement coef-
ficient, Gwet's AC2 statistic, is a weighted version of AC1 that adjusts
for chance agreement and accounts for misclassification errors and
nonabsolute agreement, and is recommended for analyzing ordinal,
interval, and ratio data.3® Other estimates of reliability, including
Cohen's kappa and weighted Cohen's kappa statistics, have been used
to estimate the interobserver and intraobserver reliability of ordinal
grading systems. The advantage of Gwet's AC2 statistic over other
estimates of agreement, including Cohen's kappa, is that it is paradox-
resistant and expected to provide a more accurate estimate of
observer reliability because other estimates of agreement often are
influenced by the number of categories available and the proportion
of subjects in each category, creating a paradox whereby a low agree-

ment coefficient is calculated despite good reliability.2”*° To our

knowledge, ours is the first study to use Gwet's AC2 statistic to assess
the reliability of the EGUC grading system. The results indicated that
reliability was substantial to excellent, within and between observers,
for rating of both squamous and glandular mucosal lesions using the
EGUC system (ie, observers graded lesions similarly but not identi-
cally). Although observers may grade lesions similarly, differences in
the interpretation of the EGUC system remain possible, which is
important when applying this system to measure treatment efficacy,
as has been done previously.*>313% |n some studies, a differences of
1 grade was considered a treatment effect or improvement,*>32 but
our findings indicate that the intraobserver reliability of the EGUC
system is not perfect, requiring consideration when assessing
responses to treatment. Similarly, consideration of the interobserver
reliability of the EGUC system is necessary when several clinicians are
involved in the assessment of treatment responses in an individual
animal, because our results suggest that observers grade mucosal
lesions in a similar but not identical way.

The severity of gastric lesions in our study varied along a contin-
uum, presenting challenges for categorization using the defined grad-
ing criteria. Although the use of ordinal scales to assess changes is
simpler for extreme categories, observer agreement can be more chal-
lenging for borderline categories'® or for assessment of mild and mod-
erate disease,** leading to higher variability and misclassification
errors. Our study introduces the use of a VAS to grade EGUS, in an
attempt to provide an alternative to the ordinal grading system. In our
study, the inter- and intraobserver reliability of the VAS improved
with time and there was some influence of observer experience.
Because none of the observers in our study had previous experience
in using the VAS, the differences in reliability between the 2 groups is
likely more reflective of knowledge and clinical experience than of
familiarity with the grading system. The reliability results for the VAS
for experienced observers in our study were similar to those reported

for clinical assessments in human dentistry (0.69-0.92)%** and human
medicine (0.77-0.91).2* In our study, interobserver reliability of the

VAS for grading of the squamous mucosa improved over time
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(Figures 4 and 5), which may reflect conditioning of observers to the
VAS and increasing familiarity with the system. Previously, consis-
tency among observers using a VAS has been improved by consensus
meetings?* and by the use of guide points (anchors) adjacent to the
scale.r® Further investigation into the value of training clinicians in the
use of VAS, and whether reliability of this system is improved with
repeated utilization of the system by observers, is warranted. Our
results suggest that inter- and intraobserver reliability of grading squa-
mous gastric mucosa with the VAS could be improved using these
techniques. For the VAS, inter- and intraobserver reliability were bet-
ter for grading squamous mucosa that glandular mucosa. These results
likely reflect an observer's ability to grade severity of squamous gas-
tric mucosal lesions and difficulties in interpreting glandular lesions
and application of hierarchical grading systems. Although we tried to
include a broad spectrum of squamous and glandular disease in the
study, most of the included gastroscopy videos featured mild to mod-
erate glandular disease, and very few chronic severe gastric lesions
were available. The poor inter- and intraobserver reliability found
when using the VAS to grade glandular gastric lesions may be com-
pounded by the included observers' inexperience with using the VAS
grading system, as well as the complexity of interpreting mild to mod-
erate glandular gastric lesions. The poor reliability of the VAS also
may be explained by increased categories (continuous scale) when
compared with the EGUC system. Similarly, in a previous study, the
N/S system, which contains a higher number of categories, had a
poorer reliability when compared with the EGUC.2 The poor reliabil-
ity of both the VAS and N/S systems in comparison with the EGUC
may reflect increased ease of reliability with fewer categories.

Visual analog scales have been established as valid and reliable in a
range of clinical and research applications.'® In our study, the novel VAS
used was designed as previously recommended®® using a 10 cm line with
words descriptive of the maximal and minimal extremes of the dimension
being measured. The 10 cm line was used as a 100-point continuous
scale and data were used for estimation of observer reliability. Intermedi-
ate points were not used in the VAS to avoid false clustering of scores
around an intermediate point or numbers.*> The use of a VAS results in
collection of continuous data, permitting a wider range of statistical anal-
ysis options and the potential for higher power and sensitivity of out-
come rankings.>* The location and dispersion of scores might give
information on the extent to which the observer takes advantage of the
length of the scale,*® but this was not evaluated in our study.

The use of benchmarking reliability coefficients allows for practical
application and interpretation of results. However, the margin of error
associated with the reliability coefficient also should be included in
interpretation of the results.'”*° The estimates of reliability calculated
for the EGUC and VAS, by the AC2 coefficient and ICC, respectively,
cannot be directly compared. As such, 2 different benchmarking sys-
tems were used to reflect the 2 different statistical methods used to
estimate reliability in our study. Application of only the reliability coeffi-
cient to determine the benchmark often leads to an overly optimistic
characterization of the extent of reliability.%° In our study, all measures
of reliability, for both grading systems, had wide Cl. The width of CI
reflects the variability or precision of the calculated estimate,®® and

N
precision is associated with the degree of random error, which is mini-
mized by increasing sample size.*¢ In our study, the small number of
observers increased random error and resulted in more imprecise esti-
mates of reliability, reflected by the wide 95% CI1.3>3¢ When comparing
the reliability coefficients, either between observers in intraobserver
assessments, or over phases in interobserver assessments, the 95% Cl
overlapped, which reflects uncertainty as to whether a true difference
existed (Figure 3). Conversely, a lack of overlap in 95% Cl increases the
likelihood of a true difference in results, such as the improvement in
the interobserver reliability of grading squamous mucosa with the VAS
shown in Figure 4.

A limitation of our study was the use of prerecorded videos,
rather than assessment of gastric ulceration at the time of gastros-
copy. This approach was necessary to ensure appropriate stratifica-
tion of gastric ulcer lesions and permit repeated evaluation of
unchanged lesions. In a study of human patients, good agreement
between video-recorded and live colonoscopy examinations was
found, although live assessment was perceived as easier.>” In a previ-
ous study, interobserver agreement in the evaluation of lameness was
higher for examination of live horses, compared to video recordings.?°
To our knowledge, comparison of live and recorded gastroscopic
examinations in horses has not been performed. Glandular lesions are
considered more difficult to grade than squamous lesions, and it has
been suggested that the number, location and type of lesions be
recorded.? In our study, fewer severe glandular lesions were available
for inclusion than was the case for squamous lesions, and this differ-
ence may have influenced the scoring of glandular lesions by either
system. Another limitation of our study is that all included observers
worked in the same referral hospital, which could have influenced the

estimates of interobserver reliability.

5 | CONCLUSION

The EGUC system for grading EGUS lesions has acceptable
intraobserver and interobserver reliability and performs well regard-
less of clinician experience. A VAS may offer advantages in ease of
use for rating of squamous mucosa, but observers should be practiced
in the use of this system. Glandular lesions in horses may be more dif-

ficult to grade than squamous lesions.
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