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Background: Equine glandular gastric disease (EGGD) is recognised as a separate en-
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Email: rosetallon@gmail.com Objectives: To determine inter-observer reliability of two previously described grad-

ing systems for EGGD and to assess if agreement improved with gastroscopy experi-
ence, specialist training or familiarity with the descriptive system.

Study design: Cross-sectional survey.

Methods: A link to an electronic questionnaire containing 20 images of glandular lesions
was circulated. Respondents were asked to score lesions using descriptive terminology and
a 0-2 verbal rating scale (VRS). Krippendorff's alpha reliability estimate was used to assess
inter-rater agreement. A mixed effects model was used to determine which descriptive
categories were associated with lesions being described as severe and decision to treat.
Results: Eighty-two veterinarians responded, 49 diplomates and 33 non-diplomates.
There was no agreement when all four descriptive variables were combined (x = 0.19).
Agreement was fair to moderate for severity (o = 0.52), distribution (« = 0.44), appear-
ance (o = 0.38) and shape («x = 0.32). Agreement for the VRS was similar to that for se-
verity (« = 0.53). Agreement was better among diplomates across all categories. Lesion
appearance and shape, but not distribution, were associated with both a decision to
treat; and lesions being described as severe (P =< .05). A VRS score 2/2 was associated
with a lesion being described as severe (OR 75.2, 95% Cl 51.12-110.48, P =< .001).
Main limitations: Intra-observer variability was not assessed. The number of images
is relatively small, and the decision to treat is based on several factors in practice.
Conclusions: Overall, agreement for the descriptive system was poor. Better de-
lineation of descriptive category boundaries and characteristics should be deter-
mined. Agreement was similar when comparing the severity category and the VRS.

Extrapolation to a VRS based on lesion severity may therefore be possible.

KEYWORDS

horse, gastric ulcer, glandular disease, interobserver variability, grading systems

The abstract is available in Portuguese in the Supporting Information section of the online version of this article.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.

© 2020 The Authors. Equine Veterinary Journal published by John Wiley & Sons Ltd on behalf of EVJ Ltd

Equine Vet J. 2020;00:1-8. wileyonlinelibrary.com/journal/evj 1



2 |

TALLON ano HEWETSON

1 | INTRODUCTION

Ordinal scoring systems are commonly used in both human and veter-
inary medicine. They facilitate documentation of disease, assessment
of response to treatment and standardisation of research. Equine gas-
tric ulcers were historically scored using a 0-4 grading scale recom-
mended by the Equine Gastric Ulcer Council.! This system was shown
to have better inter-observer agreement than a number/severity scor-
ing system, with high kappa values (>0.8) between three observers for
both squamous and glandular lesions.? Equine glandular gastric disease
(EGGD) is now considered a separate entity to equine squamous gas-
tric disease (ESGD) with regard to risk factors, clinical signs, patho-
physiology, treatment and prognosis.3'5 The incomplete understanding
of the pathophysiology of glandular disease makes sub-classification
of lesions difficult and means that grading systems for squamous dis-
ease may not be accurate for EGGD. The current recommendation is
to use descriptive terminology, which classifies lesions based on four
categories; severity, distribution, shape and appearance.6 A recent
statement® proposed inclusion of the terms nodular and erythematous
to allow a more accurate description of lesions. A novel verbal rating
scale (VRS), grading lesions from O to 2 has also been used in research.”

8-10 and

Verbal rating scales are commonly used to score pain in people
are defined as ordinal scales where words are used to describe the se-
verity of a condition.

Although there is poor correlation between endoscopic findings

and histological analysis of lesions,!**2

gastroscopy remains the best
method for antemortem diagnosis of EGGD. The use of an accurate
and repeatable grading system is important in both clinical and re-
search settings. Currently, no validated scoring system exists for
EGGD, and recent published work has reverted to the original EGUS
scale to group data and facilitate statistical analysis.**3

The main objectives of this study were (a) to determine in-
ter-observer reliability of descriptive terminology and a verbal rat-
ing scale (VRS) for EGGD and (b) to assess if agreement improved
with gastroscopy experience, specialist training or familiarity with
the descriptive system. It was hypothesised that there would be
poor agreement for both scales and that agreement would be bet-
ter among experienced endoscopists, those with specialist training
and those familiar with the descriptive system. To ascertain which
factors were associated with respondents considering a lesion to be
clinically significant, a secondary objective was to determine which
other descriptive variables were associated with lesions being de-

scribed as severe and which factors influenced the decision to treat.

2 | MATERIALS AND METHODS

An electronic questionnaire containing 20 images of glandular lesions
in the antrum and pylorus of the stomach was drafted (Data S1). All
questions were close-ended, and the survey was anonymous. A set
of introductory questions established the respondent's experience
of gastroscopy, specialist status and scoring system currently used.

Following this, a series of 20 still images of gastric glandular lesions

were displayed sequentially. Respondents were asked to grade each
image using the current descriptive terminology® (Figure 1) and a
verbal rating scale’ (Figure 2). For each image, respondents were
asked whether they would recommend treatment based solely on
that image. Although artificial, this was asked as a measure of ascrib-
ing clinical significance. Each respondent viewed the images in the
same order and could navigate back to previous images.

Electronic invitations containing a link to complete the ques-
tionnaire were circulated to both specialists and primary care veter-
inarians using listservs including the American College of Veterinary
Internal Medicine (ACVIM), the European College of Equine Internal
Medicine (ECEIM) and a UK-based mailing list of both first opinion
and specialist practitioners (Equine Veterinary Group UK). The sur-
vey had to be completed on a single attempt and was closed to re-

sponses after a 3-month period.

2.1 | Data analysis

A Chi-squared test was used to compare differences between spe-
cialist and non-specialist groups with regard to scoring system used
and gastroscopy experience. Krippendorff's alpha reliability estimate
was used to assess inter-rater agreement for both ordinal and nominal
data. This was selected over Fleiss' kappa for its capacity to analyse
both ordinal and nominal data and to account for any missing data.’?
Similar to Fleiss’ kappa, a coefficient of O reflects that any agreement
between raters is due to chance alone, while a coefficient of 1 reflects
perfect agreement across all raters on all items.'® Bootstrapping to
1000 was used to generate 95% confidence intervals. Agreement was
assessed for the VRS and for each descriptive category individually as
well as all four combined. Survey responses were then stratified by
scoring system currently used, by experience (>10 gastroscopies per
month) and by diplomate status, and the analysis was repeated.
Generalised linear mixed effect models, with image and ob-
server included as random effects, were used to determine which
other descriptive parameters, if any, contributed to (a) a respon-
dents’ decision to treat; and (b) lesions being described as severe.
All responses that considered an image to be normal were ex-
cluded. The remaining images were classed as ‘severe’ or ‘non-se-
vere' (mild and moderate), based on how they were graded for
severity using the descriptive system. Variables targeted for in-
clusion in the model were other descriptive categories (size, shape
and distribution). Experience, scoring system normally used and
diplomate status were also included. Variables where associations
with the dependent variable had a P < .2 were used in the initial
model (Table S1). Backward elimination selection methods were
used to eliminate any non-significant variables. The intra-class
correlation coefficient was determined for each model to assess
the contribution of the random effects. The Hosmer-Lemeshow
goodness of fit test was used to confirm suitability of the mod-
els for the data. A Chi-squared test was used to determine if
there was an association between description of severity and the

VRS. Significance was set at P =< .05 and all statistical analyses
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FIGURE 1 Descriptive system for
equine glandular gastric disease, as

Severit Mild — Moderate - Severe
described by Rendle et al® ¥

Distribution Focal — Multifocal - Diffuse

Shape Depressed — Flat — Nodular — Raised

Appearance Erythematous - Haemorrhagic - Fibrinosuppurative
FIGURE 2 Verbal Rating Scale Grade

(VRS) for grading of glandular lesions as 0

; Normal mucosal surface with no evidence of loss of mucosal integrity
described by Sykes et al

1 Mild to moderate lesion(s) with evidence of loss of mucosal integrity

2 Severe lesion(s) with evidence of loss of mucosal integrity

Mild hyperaemia of the glandular mucosa without visible loss of mucosal integrity is not considered to
be clinically significant.

FIGURE 3 Experience of respondents, 40
showing average number of gastroscopy
examinations performed per month
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were carried out using standard software (SPSS v25, IBM, IBM
Software).

3 | RESULTS

Eighty-two veterinarians responded. Forty-nine (60%) were diplo-
mates of equine internal medicine (DACVIM/DECEIM) and 33 (40%)
were non-specialist veterinarians. Twenty-five respondents (30%)
worked in first opinion practice, 24 (29%) in referral practice and 14
(17%) in both fields.

Of the internal medicine diplomates, 28 (57%) used the descrip-
tive system, 16 (33%) used the original EGUS 0-4 scoring system,
four (8%) used both and one respondent (2%) used the descriptive
system in combination with the VRS. Among non-specialists, 16
(49%) used the descriptive system, 13 (39%) used the EGUS sys-
tem and three (9%) used both. There was no difference between
the groups for scoring system used (P = .9). The average number

of gastroscopic examinations performed per month is displayed in

II II i
1-3

4-10 >10
Average gastroscopes per month

All m Diplomates m Non-diplomates

Figure 3. Specialists were more likely to perform a higher number of

gastroscopies per month than non-specialists (P = .004).

3.1 | Inter-observer agreement

Inter-observer agreement coefficients for descriptive and VRS grad-
ing systems are displayed in Table 1. The same cut-offs as Cohen's
kappa can be used when interpreting Krippendorff's alpha coef-
ficient, with o« > 0.8 considered to reflect strong agreement.¢'’
Agreement was fair to moderate for severity (« = 0.52), distribution
(o = 0.44), appearance (x = 0.38) and shape (o« = 0.32). Agreement
for the VRS was similar to that for severity (a = 0.53). Agreement
was higher among specialists than non-specialists for all descriptive
categories and across both scoring systems. Agreement was higher
among respondents who currently use the descriptive system in
practice, regardless of diplomate status. Overall, the VRS and ‘se-
verity’ category showed similar inter-observer agreement. Amongst

non-diplomates, the VRS had higher agreement than the ‘severity’
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category. When diplomates, those using the descriptive system in
practice and experienced respondents (average >10 gastroscopies
per month) were examined separately, the VRS had lower agreement

than the ‘severity’ category.

3.2 | Relationship between VRS and
description of severity

Description of severity was associated with VRS score (P < .001).
A lesion with a VRS score of 2 was more likely to be described as
severe than a lesion with a VRS score of 1 (OR 75.2, 95% Cl 51.12-
110.48, P < .001).

3.3 | Factors contributing to lesions being described
as severe

Univariable analysis is presented in Table S1 and results of multi-
variable analysis are presented in Table 2. Appearance (P = .005)
and shape (P < .001), but not distribution (P = .08) were associ-
ated with lesions being described as severe. Depressed lesions
were more likely to be described as severe compared to flat lesions
(OR 4.6, 95% Cl 2.22-9.55, P < .001). Haemorrhagic or fibrinosup-
purative lesions were more likely to be described as severe than
erythematous lesions (OR 2.9, 95% CI 1.51-5.39, P = .001 and OR
2.9, 95% Cl 1.51-5.71, P = .001, respectively). Diplomates were
less likely to describe lesions as severe (OR 0.5, 95% Cl 0.28-0.94,
P = .03). Experience level and scoring system currently used did
not contribute to lesions being described as severe. Intraclass cor-
relation coefficient was .6 for image (P = .01) and .27 for observer

(P <.001), indicating that image accounted for the majority of clus-
tering. The Hosmer-Lemeshow test indicated acceptable model fit
(x> =11.51,P = .17).

3.4 | Factors contributing to decision to treat

Results of univariable analysis are presented in Table S2 and multi-
variable analysis is displayed in Table 3. Appearance (P < .001) and
shape (P = .03) were associated with decision to treat. Respondents
were more likely to treat depressed lesions compared to flat lesions
(OR 3, 95% Cl 1.22-7.63, P = .02). Distribution was not associated
with decision to treat (P = .13). Diplomates were less likely to treat
lesions (OR 0.5, 95% Cl 0.24-0.93, P = .03) than non-diplomates.
Intraclass correlation coefficient was .4 for image (P = .02) and .3 for
observer (P =< .001). The Hosmer-Lemeshow test indicated accept-
able model fit (x? = 7.30, P = .4).

4 | DISCUSSION

Poor inter-observer agreement for endoscopy in people has been
previously described, with less experienced operators performing
worse.*®1? The Havemeyer scale for grading arytenoid function
was found to have fair to moderate agreement between observ-
ers, which improved when scales were transposed to dichotomous
grades.?® Ordinal scales have also been shown to have poor inter-
rater agreement when assessing lameness in horses.?%?? |nter-
observer agreement for the presence of EGGD has been shown to
be weak (x = 0.42), with higher agreement (x = 0.56) on whether

lesions were deemed clinically significant.23

TABLE 1 Results of Krippendorff's alpha reliability estimate for the descriptive and verbal rating scale (VRS) scoring systems showing

95% confidence intervals and interpretation of agreement

>10 scopes per Currently using

All Diplomates
Descriptive Overall 0.19 0.21
0.1903-0.1965 0.2058-0.2176
None Minimal
Severity 0.52 0.63
0.5169- 0.5286 0.6187-0.6350
Weak Moderate
Shape 0.32 0.36
0.3110- 0.3226 0.3525-0.3718
Minimal Minimal
Appearance 0.38 0.40
0.3704-0.3808 0.3921-0.4097
Minimal Weak
Distribution 0.44 0.47
0.4395- 0.4516 0.4645-0.4844
Weak Weak
VRS (0-2) 0.53 0.55

(0.5242-0.5355)
Weak

0.5396-0.5570
Weak

Non-diplomates

0.17
01613-0.1778
None

0.41
0.3892-0.4232
Weak

0.26
0.2480-0.2737
Minimal

0.34
0.3280-0.3538
Minimal

0.41
0.3983-0.4625
Weak

0.51
0.5004-0.5278
Weak

month

0.21
0.1845-0.2437
Minimal

0.49
0.4364-0.5393
Weak

0.37
0.3217-0.4164
Minimal

0.37
0.3183-0.4067
Minimal

0.43
0.3867-0.4846
Weak

0.45
0.3969-0.5066
Weak

descriptive system

0.22
0.2119-0.2236
Minimal

0.61
0.6026-0.6212
Moderate

0.35
0.3382-0.3567
Minimal

0.41
0.4000-0.4176
Weak

0.48
0.4726-0.4921
Weak

0.59
0.5822-0.5990
Weak
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TABLE 2 Multivariable binomial logistic regression to determine which factors were associated with lesions being described as ‘severe’ in
the descriptive scoring system. Image and observer are included as random effects

Non-severe Severe
n=1116 % n=319 % OR 95% ClI P value
Shape <.001
Flat 629 58.4 127 41.4 Base
Depressed 88 8.2 81 26.4 4.6 2.22-9.55 <.001
Nodular 124 11.5 27 8.8 2.8 1.27-5.97 .01
Raised 236 21.9 72 23.5 1.9 1.17-3.18 .01
1077 307
Appearance .005
Erythematous 540 49.8 38 12 Base
Haemorrhagic 230 21.2 159 50.2 29 1.51-5.39 .001
Fibrinosuppurative 228 21 94 29.7 2.9 1.51-5.71 .001
Mixed 86 7.8 26 8.2 1.7 0.64-4.43 .3
1084 317
Diplomate status .03
Non-diplomate 435 39 152 47.6 Base
Diplomate 681 61 167 52.4 0.5 0.28-0.94 .03
1116 319

TABLE 3 Multivariable binomial logistic regression to determine which factors were associated with lesions being deemed to warrant

treatment. Image and observer are included as random effects

No Treat Treat
n =239 % n=1189
Shape
Flat 176 74.6 578
Depressed 13 5.5 156
Nodular 15 6.4 136
Raised 32 13.6 277
Appearance
Erythematous 199 90.9 375
Haemorrhagic 7 3.2 381
Fibrinosuppurative 4.1 312
Mixed 4 1.7 108
Diplomate status
Non-diplomate 80 33.5 503
Diplomate 159 66.5 686

As expected, overall agreement in this study was poor, partic-

ularly when all four descriptive variables were combined. The use
of four descriptors generates a large combination of outcomes,
particularly for lesions with a mixed appearance (eg erythematous
and fibrinosuppurative). This becomes challenging to analyse in a
research setting. This was a much larger study than that used to
validate the original EGUS scoring system, in which three diplo-
mates were used.? The large number of observers increases the
likelihood of disagreement. However, even when responses were

grouped by specialist status and experience, agreement remained

% OR 95% ClI P value
.03
50.4 Base
13.6 3.1 1.22-7.63 .02
11.9 2.3 0.91-5.67 .08
241 1.0 0.53-1.97 .9
<.001
31.9 Base
324 8.6 3.31-22.54 <.001
26.5 10.4 4.36-24.91 <.001
9.2 7.7 2.11-28.03 .002
.03
42.3 Base
57.7 0.5 0.24-0.93 .03

poor. Diplomates had better agreement across all categories,
possibly reflecting additional training or greater experience.
Interestingly, when experience alone was examined regardless
of specialist status, this was not the case but among respondents
already using the descriptive system in practice, regardless of
specialist status, agreement across all descriptive categories was
comparable to the diplomate group. This suggests that additional
training to increase familiarity with the system may improve
agreement. The VRS had the least agreement amongst the expe-

rienced group but performed better than the severity descriptor
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amongst non-diplomates. The use of a number may reflect the
original EGUS scale which respondents may be more familiar with.

When descriptive variables were examined individually, severity
had the highest level of agreement, although this was only moderate.
This is an unexpected finding as it is arguably the most subjective pa-
rameter, as the endoscopic assessment of severity alone cannot be
used to infer clinical signs.6 Agreement was worst for shape and ap-
pearance which may reflect an unfamiliarity with the terms in use and
the range of lesions seen in the glandular mucosa. Clear language for
both defining and setting boundaries for each category may be neces-
sary to improve agreement. Utilisation of descriptive terminology was
less common among non-specialists. This likely represents a differ-
ence in training but may be due to unfamiliarity with the descriptive
system or to facilitate communication with owners and trainers who
may be more familiar with the original scoring system.

Appearance of loss of mucosal integrity (ie haemorrhagic, fibri-
nosuppurative and depressed lesions) was associated with lesions
being described as severe. Depressed lesions may reflect the ap-
pearance of a traditional ulcer or erosion, rather than an inflamma-
tory process per se. Flat and erythematous lesions were less likely
to be considered severe. Lesions with a mixed appearance were
not associated with severity, although this may be due to the low
numbers in this category. Distribution was not associated with le-
sions being described as severe. This is at odds with the original
EGUS scoring system which was based around lesion distribution.
The VRS does not take distribution into account. Given the asso-
ciation between severity and VRS, it may be possible to extrapo-
late this to the VRS, or similar, using the severity category of the
descriptive system. Grouping lesions for statistical analysis could
be done using severity as the primary variable, with a 0-3 scale to
incorporate normal, mild, moderate and severe. This would add an
additional category, making it easier to document improvement as
well as resolution of lesions.

4.1 | Decision to treat

The same factors (shape and appearance) associated with a lesion
being considered severe were associated with the decision to treat.
This is unsurprising, as a severe lesion would typically infer clinical
significance. Diplomates were less likely to treat lesions than non-
diplomates. The reason for this is unclear. In practice, the decision
to treat may be driven by several factors including clinical signs,
owner/trainer demands, financial constraints and individual clinician

preference.

4.2 | Limitations

This was an opt-in survey and may not be representative of special-
ist and non-specialist populations as a whole. It is unknown what
degree of familiarity respondents had with the various scoring

systems, as data were only collected regarding which system each

respondent currently used. The use of a scoring system does not
necessary reflect familiarity with that system. It was impossible to
exclude bias, with veterinarians being aware that they were partici-
pating in a study and knowing that their answers would be viewed.
Responses were completely anonymised to minimise the impact of
bias, however, an effect on precision and diagnostic accuracy may
remain. There is evidence that inter-rater reliability declines under
less controlled conditions.?* Consistency of interpretation was diffi-
cult to control. Diagnostic drift is a situation when the assignment of
scores may vary slightly in consistency through the scoring process.
This may occur in situations such as this, where there are a large
number of samples to be examined or when category characteris-
tics/boundaries are poorly defined.?® Observers may also subcon-
sciously compare and score an image relative to those previously
viewed, particularly for more subjective parameters such as severity.
Inter-observer variability is arguably less important in a clinical set-
ting, particularly if the same clinician is performing follow-up exami-
nations. Assessment of intra-observer reliability is required to see
how these scoring systems perform amongst individual clinicians.

The 0-4 EGUC scoring system was not included in this study
as the current recommendation is that it should not be applied to
EGGD.® Although this scale was previously validated using both
squamous and glandular lesions, this was performed at a time when
glandular disease was not considered a separate pathological pro-
cess to squamous disease.

Still images were used in this study and may be less representa-
tive of scoring in clinical practice. Good quality video clips may allow
better visualisation of depth, colour and assessment of artefacts
eg blanching of the mucosa. Further work to compare agreement
of scores of still images compared to video clips may help to quan-
tify this difference. In practice, the decision to treat lesions is based
on many factors. This study asked respondents this question based
solely on the image, without providing any background information
regarding history, clinical signs or the presence of ESGD, which is
somewhat artificial. The number of images included was based on
a previous EGUS validation study? but is relatively small and may
not have allowed for all possible combinations of lesion types to be
included.

Another approach to validate a scoring system is to analyse
the relationship between the scores and relevant parameters of
disease severity.?® To the authors’ knowledge, there is currently
no published work examining the response of specific types of
glandular lesions to treatment. The lack of information on biop-
sies combined with current incomplete understanding of the
pathophysiology and clinical signs pertaining specifically to EGGD
means that this cannot be undertaken at present but warrants fu-

ture attention.

5 | CONCLUSION

There was no inter-observer agreement for the descriptive sys-

tem when all four variables were included. The severity category
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showed the best agreement, and this was similar to the VRS.
Severity was significantly associated with the VRS, suggesting that
it may be possible to extrapolate to the latter. The lack of agree-
ment for appearance, shape and distribution identified in this study
questions the need for better definition of these particular pa-
rameters. As more is understood about clinical signs pertaining to
EGGD and response of specific lesion types to treatment, a more
comprehensive scoring system may be developed. In the meantime,
additional training to increase familiarity with the descriptive sys-

tem may improve agreement.
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