1' frontiers

in Veterinary Science

ORIGINAL RESEARCH
published: 16 February 2021
doi: 10.3389/fvets.2021.611729

OPEN ACCESS

Edited by:
Karine Portier,
Université de Lyon, France

Reviewed by:

Gabrielle Christine Musk,
University of Western

Australia, Australia

Hugo Terrisse,

Université Grenoble Alpes, France

*Correspondence:
Stelio Pacca Loureiro Luna
Stelio.pacca@unesp.br

Specialty section:

This article was submitted to
Veterinary Surgery and
Anesthesiology,

a section of the journal
Frontiers in Veterinary Science

Received: 29 September 2020
Accepted: 15 January 2021
Published: 16 February 2021

Citation:

Oliveira AR, Gozalo-Marcilla M,
Ringer SK, Schauvliege S,
Fonseca MW, Trindade PHE, Puoli
Filho JNP and Luna SPL (2021)
Development, Validation, and
Reliability of a Sedation Scale in
Horses (EquiSeq).

Front. Vet. Sci. 8:611729.

doi: 10.3389/fvets.2021.611729

Check for
updates

Development, Validation, and
Reliability of a Sedation Scale in
Horses (EquiSed)

Alice Rodrigues de Oliveira’, Miguel Gozalo-Marcilla2, Simone Katja Ringer?,
Stijn Schauvliege*, Mariana Werneck Fonseca’, Pedro Henrique Esteves Trindade’,
José Nicolau Prospero Puoli Filho' and Stelio Pacca Loureiro Luna™

" Department of Veterinary Surgery and Animal Reproduction, School of Veterinary Medicine and Animal Science, Sdo Paulo
State University Universidade Estadual Paulista (UNESP), Botucatu, Brazil, 2 The Royal (Dick) School of Veterinary Studies
and The Roslin Institute, The University of Edinburgh, Edinburgh, United Kingdom, ° Section Anaesthesiology, Department of
Clinical Diagnostics and Services, Vetsuisse Faculty, University of Zlrich, Zurich, Switzerland, ¢ Department of Surgery and
Anaesthesia of Domestic Animals, Faculty of Veterinary Medicine, Ghent University, Ghent, Belgium

The lack of standardization of sedation scales in horses limits the reproducibility between
different studies. This prospective, randomized, blinded, horizontal and controlled trial
aimed to validate a scale for sedation in horses (EquiSed). Seven horses were treated
with intravenous detomidine in low/high doses alone (DL 2.5 pg/kg + 6.25 pg/kg/h;
DH 5 ng/kg +12.5 ng/kg/h) or associated with methadone (DLM and DHM, 0.2 mg/kg
+ 0.05 mg/kg/h) and with low (ACPL 0.02 mg/kg) or high (ACPH 0.09 mg/kg) doses
of acepromazine alone. Horses were filmed at (i) baseline (i) peak, (i) intermediate,
and (iv) end of sedation immediately before auditory, visual and pressure stimuli were
applied and postural instability evaluated for another study. Videos were randomized
and blindly evaluated by four evaluators in two phases with 1-month interval. Intra- and
interobserver reliability of the sum of EquiSed (Intraclass correlation coefficient) ranged
between 0.84-0.94 and 0.45-0.88, respectively. The criterion validity was endorsed by
the high Spearman correlation between the EquiSed and visual analog (0.77), numerical
rating (0.76), and simple descriptive scales (0.70), and average correlation with head
height above the ground (HHAG) (—0.52). The Friedman test confirmed the EquiSed
responsiveness over time. The principal component analysis showed that all items of the
scale had a load factor > 0.50. The item-total Spearman correlation for all items ranged
from 0.3 to 0.5, and the internal consistency was good (Cronbach’s a = 0.73). The area
under the curve of EquiSed HHAG as a predictive diagnostic measure was 0.88. The
sensitivity of the EquiSed calculated according to the cut-off point (score 7 of the sum
of the EquiSed) determined by the receiver operating characteristic curve, was 96% and
specificity was 83%. EquiSed has good intra- and interobserver reliabilities and is valid
to evaluate tranquilization and sedation in horses.
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INTRODUCTION

The mortality related to general anesthesia in horses is high
and represents 0.9% for elective surgeries (1). A current
tendency exists to avoid general anesthesia when possible.
Therefore, certain diagnostic and surgical procedures commonly
use protocols based on constant rate infusions (CRIs) that
provide consistent sedation, analgesia with minimal ataxia in the
standing horse, thus ensuring the safety of the animal and those
involved (2-4).

Scales with different scoring methods and stimuli have
been proposed to determine the degree and quality of
sedation of pharmacological protocols (4). Head height
above the ground (HHAG) is an objective method expressed

on the percentage change from baseline, considered
as 100% (HHAG%). Reductions of the HHAG% by
50% or more represent a sufficiently sedated animal

(2, 3, 5). Subjective scoring methods, such as visual analog
(VAS) (6, 7), simple descriptive (SDS) (8, 9), numerical
(NRS), and composite numerical scales (composite NRS)
(10) are those that depend on the interpretation of
the evaluator.

Studies from the early 1990s evaluated the quality of sedation
using the composite NRS with mechanical, auditory, and visual
stimuli (11-13). In order to produce mechanical stimuli, the
use of pressure algometers (14) or tactile methods by touching
an object inside the ears or on the coronary band (11-13,
15) has been reported. Auditory stimuli ranged from clapping
behind (7, 11-13) or in front of the animal (15), sounds of
scraping a spoon in a can (5), shaking a plastic gallon container
filled with stones (14, 16) or the combination of auditory and
sensory stimuli of a grooming machine connected and played
in the lateral cervical region (17). Shaking a towel (7, 11-13) or
opening an umbrella in front of the horse (5, 18) were forms of
visual stimuli.

Postural instability and ataxia are subjective methods to
evaluate sedation with the animal standing still (11), in the first
case and by walking in a circular motion (5), or when getting over
small obstacles (14, 16) in the second case. For ataxia, the VAS
(2, 3), SDS (9, 19), and composite NRS have been described (7).

The use of reproducible and valid instruments is essential
to guarantee the reliability and accuracy of measurements
between different studies (20). Scale validation processes
include content validity, training of observers, frequency
distribution of scores, principal components analysis,
intra- (repeatability) and interobserver (reproducibility)
reliability, concurrent and construct validity (responsiveness),
item-total ~ correlation, internal  consistency,  receiver
operating characteristic (ROC) curve, sensitivity, and
specificity (20-26).

This study hypothesis that the proposed scale, based on
stimuli and scales described in previous studies (2, 3, 7, 11—
18, 27-31), accurately and reliably measures tranquilization and
sedation in horses. Therefore, the current work aimed to develop
and validate a composite scale of sedation in horses (EquiSed)
applied to different pharmacological protocols and intensities of
tranquilization and sedation.

MATERIALS AND METHODS

Ethics Statement

The study was approved by the Ethics Committee on the Use
of Animals for research at the School of Veterinary Medicine
and Animal Science, Sdo Paulo State University (UNESP),
Botucatu, SP, Brazil, under protocol 2017/0051. This prospective,
randomized, blinded, horizontal, and controlled study was
carried out on the experimental farm of the same institution,
to which the horses belonged. Their use was authorized by the
person in charge of the area of equine culture (JNPPF). Phase
I of the study was opportunistic with another study on equine
standing sedation/antinociception (18) comparing different CRI
protocols of detomidine alone or associated with methadone.
Phase II was added to investigate the addition of two different
doses of acepromazine under similar conditions of Phase I.

Animals

In both Phases I and II, the same three male geldings and four
female crossbred Quarter-horse and Appaloosa horses from the
same herd were used (18), with a mean = SD (range) age of
10 &= 0.95 (9-11) years and weight of 402 £ 21 (372-450)
kg. Two weeks before the start of each phase of the study, all
the horses were classified as healthy based on normal physical
and laboratory examinations of blood count and biochemical
analysis (urea, alkaline phosphatase, alanine aminotransferase,
and gamma glutamyl transferase). The horses were kept on
pasture and fed with hay and commercial feed once a day. The
day before the study, the horse was separated and remained
in covered facilities, with water ad libitum and access to the
outside area. The solid fasting period was 2h. Experimental
protocols were performed for each horse on fixed days and
periods (morning or afternoon) during the week to respect a
drug washout period of 7 days. After the study, the horses were
maintained at the farm of the institution and were used for riding
and reproduction, the latter only if females.

The sample size was calculated by using the differences
between the HHAG at baseline and maximal sedation, with a
mean of 42.7% and SD of 11.8%. This was based, on a previously
described pilot study (18), conducted with two horses undergoing
detomidine and methadone sedation protocols (DL 2.5 pg/kg +
6.25 png/kg/h; DH 5 png/kg 4+12.5 pg/kg/h; DLM and DHM, 0.2
mg/kg + 0.05 mg/kg/h). The sample size was defined considering
a type I error probability (a) of 0.05 and power (1-B) of 0.80.
Based on this calculation, a sample size of four horses was
required. The sample size was also corroborated by previous
studies from the same group with the same animals (7) (https://
www.statstodo.com/SSizUnpairedDiff Pgm.php).

Scale Development

The proposed scale was developed according to previously
described stimuli that evaluate sedation in horses (Table 1) (11—
13). For each item, specific response descriptions were assigned
to each score from 0 to 3 (Table 1), where 0 corresponds to no
sedation and 3 to maximum sedation. The sum of the items made
up the scale, where 0 represents the absence of sedation and 18
the maximum sedation.
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TABLE 1 | EquiSed to evaluate the quality and degree of tranquilization and sedation in horses.

Intensity of sedation
Head Height Above Ground (HHAG%)

References

Height from chin to floor. The height of the head for each horse is measured at baseline and considered as

(2,4,7,12-15,18)

100%. Height during sedation is calculated as a percentage compared to height at baseline.

Stimuli performed Response to stimuli Scores References
Touch the ear (11,12)
Touch inside the ears with No response 3
blunt-tipped material for 3s Slight movement of the ear and/or head and/or neck 2

Intense movement of the ear and/or head and/or neck 1

Intense movement of the ear and head and/or neck and body movement 0
Press the coronary band of the thoracic limb (5, 11,12)
Apply strong pressure for 3s No response 3
with blunt-tipped material on the Moves the limb slowly without raising it 2
coronary band of thoracic limb Raises the limb slowly 1

Raises the limb quickly before or when touched and/or moves the other limbs 0

and/or head and/or trunk
Press the coronary band of pelvic limb (5,11,12)
Apply strong pressure for 3s No response 3
with blunt tipped material on the Moves the limb slowly without raising it 2
coronary band of pelvic imb ) )

Raises the limb slowly 1

Raises the limb quickly before or when touched and/or moves the other limbs 0

and/or head and/or trunk
Postural instability (11-13, 15, 19, 31)
Observe the stationary animal Intense swaying, risk of falling down or falling down. Abducts (wide stance) the 3
and then forcefully push it thoracic and/or pelvic limbs, and/or one limb misaligned or crossed
laterally Moderate swaying. Thoracic and/or pelvic limbs abducted (wide stance), and/or 2

one limb misaligned

No or slight swaying. One limb abducted (wide stance) 1

No swaying. Weight-bearing on all limbs, or resting one limb 0
Auditory (7,11-13)
Response to loud hand clap No response 3
behind the animal Slow movement of the head and/or neck and/or ear(s) 2

Rapid movement of the head and/or neck and/or ear(s) 1

Rapid movement of the head and/or neck and/or ear(s) and body movement 0
Visual (5)
Response to opening an No response 3
umbrella in front of the animal Slight movement of the head and/or neck and/or ear(s) 2

Intense movement of the head and/or neck and/or ear(s) 1

Moves the head and/or neck and/or ear(s) and limb(s) 0
Maximum possible sum of the 18

EquiSed

EquiSed— Composite numerical scale of sedation in horses.

Data Collection

Phase |

The first Phase of the study was randomized (https://sorteador.
com.br) with the main evaluator (MGM) unaware of the
treatment received (18). The horses were weighed in a manual
weighing scale and taken to the six-square meters experimental
room for application of repellent, clipping the jugular areas,
antisepsis of the region, and insertion and fixation of a 14-gauge
catheter (G14 x 70 mm) in the left jugular vein to administer
the drugs.

Before drug administration, the horses were placed to the
containment stocks inside the experimental room, where they
were fitted with the necessary equipment for the original study
(18). Two video cameras installed inside the experimental stall
were used to film the horse for viewing the animal as a whole, one
in an oblique craniocaudal position, and another in an oblique
caudocranial position.

After baseline data collection, one of the following intravenous
(i.v.) treatments (bolus + CRI for 120 min) was administered:
DL—detomidine low dose alone (2.5 pg/kg followed by a CRI
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at 6.25 pg/kg/h), DH—detomidine high dose alone (5 pg/kg
followed by a CRI at 12.5 pg/kg/h), DLM—DL with methadone
(2.5 ng/kg detomidine + 0.2 mg/kg methadone followed by CRIs
of detomidine at 6.25 pg/kg/h and methadone at 0.05 mg/kg/h),
and DHM—DH with methadone (5 pg/kg bwt detomidine +
0.2 mg/kg of methadone followed by CRIs of detomidine at 12.5
ng/kg/h and methadone at 0.05 mg/kg/h). Once the drug(s) boli
were administered slowly by hand, CRIs were administered using
two calibrated syringe drivers, one for each drug. The CRIs were
administered for 2h and the horses were kept in the stocks for
4h due to the design of the pharmacokinetic phase (32) of the
principal study (18).

All data were collected at baseline (before drug
administration) and at 5, 15, 30, 60, 90, 120, 150, 180, 210,
and 240 min after the start of the treatments. The HHAG was
measured in cm with a scale fixed to the wall ~1.5 meters
away from the horse. The HHAG for each horse from chin to
floor was measured at baseline and considered as 100%. Height
during tranquilization/sedation was calculated as a percentage
compared to the height at baseline (2, 11). Afterwards, the
filming and application of EquiSed stimuli started in the same
order as the scale shown in Table 1. The EquiSed stimuli were
applied in situ by the evaluator unaware of the treatments.

Phase Il

This phase was neither covert nor the treatments were
randomized at the in situ data collection, as it was included 11
months after Phase I. Horses were treated with i.v. acepromazine
boli at low (ACPL 0.02 mg/kg) and high doses (ACPH 0.09
mg/kg). The same methodology regarding the filming, stimuli
application and in situ data collection was used as in Phase I,
except that the horses were kept in the stocks for only 120 min.

Video Selection and Evaluations

To validate EquiSed, four representative moments of the possible
sedation intensities were defined: (i) baseline, (ii) peak sedation,
(iii) intermediate sedation, and (iv) end of sedation (return
to baseline).

Videos of Phase I at those representative moments were
selected based on results obtained in a previous study: (18,
32). () the baseline time was before drug(s) were administered
(T0), (ii) the peak of sedation was 120min (T120) after
the start of detomidine and immediately before the end of
CRIs (iii) intermediate sedation was at 30 min after stopping
the CRI(s), and (iv) the final moment of sedation was at
120min after stopping the CRIs (T240—after starting the
drug administration).

The selection of Phase II videos was based on the in situ results
of the sedative effects of acepromazine. The moments (i) baseline,
(ii) peak sedation at 60 min, (iii) intermediate sedation at 90 min,
and (iv) end of sedation at 120 min after the administration of the
acepromazine boli were selected.

In total, 168 videos (7 horses x 6 treatments x 4
representative moments) were selected to be evaluated, each
lasting ~45 s.

Three Diplomates from the European College of Veterinary
Anesthesia and Analgesia (ECVAA) from different institutions

(MGM; SKR and SS), together with the responsible researcher
(ARO) evaluated the videos, independently. Evaluator 1 (E1—
ARO) had 7 years of experience in veterinary anaesthesiology
and sedation in horses, while evaluators 2, 3, and 4 (E2—
MGM, E3—SKR, and E4—SS) had an experience of 15, 17, and
18 years, respectively. Evaluator 2 was certified by ECVAA, in
2014 and E3 and E4 in 2009. The evaluators became familiar
with the EquiSed items through tutorial videos demonstrating
each score Supplementary Table 1. For training, the evaluators
assessed 10% of the total videos (16 videos, four from each
sedation moment) randomly, in two different periods, with
an interval of 1 month. Spearman’s correlation, intra- and
interobserver reliability values in this training phase were > 80%,
indicating that the evaluators were able to identify the intensity
of sedation similarly.

Once the training phase was completed, the main evaluations
took place after 2 months. The 168 videos were randomized
and made available on a Google Drive digital platform
(UNESP license—G Suit for Education) in two independent
folders (www.random.org), so that the evaluators could
allocate, unaware of the different sedation moments, the scores
corresponding to each video in two phases with intervals of 1
month. Before beginning the evaluations, the evaluators read the
instructions for the analysis and completion of the evaluation
worksheets. Instructions included: (1) how to evaluate the scale
and its descriptors to guarantee that the stimuli responses were
clear, and (2) how to complete the worksheets following the
evaluation of the videos. The evaluators were instructed to watch
the videos as many times as they deemed necessary to complete
the spreadsheets and to evaluate the videos for up to 1h a day
so that fatigue would not interfere with the evaluation. The
spreadsheet was filled out in the order NRS, SDS, VAS for general
sedation, VAS for postural instability, and EquiSed, in the same
order in which the stimuli were applied. The HHAG values
used in this manuscript were only collected in situ by the main
evaluator (18) and transformed into HHAG% for data analysis
for convenience.

Statistical Analysis
Content Validity
The content validation of the EquiSed was performed in three
stages. First, the inclusion of stimuli described in previous studies
evaluating sedation in horses and their responses (Table 1).
Second, the critical analysis by the evaluators ARO, MGM, SKR,
and SS, regarding the interpretation of the EquiSed. Finally, the
analysis of the relevance, in which attribution of the importance
of each item was made as previously described in processes
for validating pain scales in other species (23, 25, 26). For
this last stage, three external evaluators (MOT, FAO, and CL),
all veterinary anaesthesiologists with more than 10 years of
experience in the field assigned the relevance of each scale item
from +1, for relevant, 0, for not being able to give an opinion,
and —1, for irrelevant. The mean relevance of each item was
calculated, and those with a value > 0.5 remained in the EquiSed
scale (Table 1).

The relevance of all the items of EquiSed identified in
content validity indicated that the main videos scoring could
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be performed by the four evaluators, with these scoring data.
Therefore, all the following analysis were performed, except for
the HHAG%, that was not collected by video analysis.

All the following analyses were performed with data from all
evaluators, treatments, first and second evaluations, and grouped
moments, except where reported below.

Reliability

To evaluate intraobserver (repeatability; comparison of data from
the first and second evaluations of the videos) and interobserver
reliability (reproducibility; comparison of data from the first and
second evaluations of the videos between all the evaluators, also
called interobserver agreement matrix), we used the weighted
kappa coefficient (K,) with a 95% confidence interval (CI) for
the NRS, SDS, and each item of the EquiSed. The disagreements
were weighted according to their distance to the square of perfect
agreement. The intraclass correlation coefficient (ICC) of the
agreement type with 95% CI was used to analyse the sum of the
EquiSed and the ICC of the consistency type with 95% CI to
analyse the VAS sedation and VAS postural instability. Reliability
for the weighted Kappa and ICC (CI) was considered to be
very good if 0.81-1.0; good if 0.61-0.80; moderate if 0.41-0.60;
reasonable if 0.21-0.40; and poor if <0.20 (33, 34).

Concurrent Criteria Validation

The concurrent criterion validity was based on Spearman’s
correlation between the sum of the EquiSed vs. the NRS, SDS, and
VAS scales (20, 26) and the HHAG%. To measure the correlation
between the EquiSed and HHAG%, treatments were grouped
into tranquilization (ACPL + ACPH), low dose detomidine
(DL 4+ DLM), and high dose detomidine (DH + DHM), to
differentiate the correlation between acepromazine and the other
detomidine treatments.

Construct Validity (Responsiveness)

No data presented normal distribution according to Shapiro-
Wilk test. Therefore, the Friedman test was used for
responsiveness comparisons over time (baseline, peak sedation,
intermediate sedation, and end of sedation), and the Kruskal-
Wallis test for comparisons between treatments at each time,
with the Dunn’s post-test in both cases. For all variables, data
from all grouped evaluators were used, except for the HHAG%,
which used data from the study previously published with the
evaluations in situ (18).

Principal Component Analysis (PCA)

The PCA is a multiple association test that evaluates the
association of all items of the scale with each other (35).
This analysis was performed based on the correlation matrix.
The Kaiser criterion (36) was used to select dimensions with
eigenvalues > 1, variance > 20, and the items within dimensions
with load factor > 0.50 or < —0.50.

Item-Total Correlation

The item-total correlation was performed to identify the scale
homogeneity, through Spearman’s correlation between the score
attributed to each item vs. the sum of the EquiSed excluding the
item analyzed. Values were accepted between 0.3 and 0.7 (33).

Internal Consistency

The internal consistency of the scale was calculated using
Cronbach’s o coefficient (37), which determines how much the
items on the scale correlate with each other. Minimum acceptable
values were considered between 0.60 and 0.64, acceptable 0.65—
0.69, good 0.70-0.74, very good 0.75-0.80, and excellent above
0.80 (38).

Sensitivity and Specificity

To determine sensitivity and specificity, data were transformed
into dichotomous values for the presence (1, corresponding
to score 1, 2, or 3) or absence (0, corresponding to score 0)
of representative sedation scores at peak sedation times and
at baseline times, respectively. Specificity is generated by the
relationship between the total true negative results (horses not
sedated—score 0) in relation to the total number of evaluations at
baseline when the scores were not expected to indicate sedation.
Sensitivity was calculated by the ratio of true positives (horses
with scores 1, 2, or 3) in relation to the total number of
assessments at peak sedation. Both were interpreted as excellent,
when 95-100%, good, when 85-94.9%, moderate when 70-
84.9%, and non-sensitive or specific, when < 70% (24, 39). The
sensitivity and specificity of the total score of the scale was
performed based on the cut-off of the area under the receiver
operating characteristic (ROC) curve described below. Horses
showing scores > 7 at the peak of sedation were considered
sufficiently sedated and horses showing scores < 7 at baseline
were considered non-sedated.

ROC Curve and Cut-Off Point for Sedation

Scores of horses treated with DH and DHM were used for
these calculations. The peak of sedation and baseline time points
were used to calculate sensitivity (true positives or truly sedated
horses) and specificity (true negatives or no sedated horses),
respectively. The HHAG% <50% was used as a predictive value to
consider truly sedated horses to build the ROC curve. The ROC
curve is the graphical representation of the relationship between
true positives (sensitivity) and false positives (1-specificity). Cut-
off point was defined by the Youden index (YI) and its diagnostic
uncertainty zone. The YT is the greatest coincident point of
sensitivity and specificity, determined by the ROC curve. The
gray zone (diagnostic uncertainty zone) indicates diagnostic
accuracy and is provided by calculating 95% CI by replicating
the original ROC curve 1,001 times by the bootstrap method and
by the interval between sensitivity and specificity. Gray zone was
considered the greatest interval of these two methods (33).

Frequency Distribution of Scores

The frequency of distribution of scores 0, 1, 2, and 3 of each item
at each time in the grouped treatments (ACPL + ACPH, DL +
DLM. and DH + DHM) was analyzed using descriptive statistics.

Statistical analysis was performed using R software in the
RStudio integrated development environment (RStudio Team-
—2016) and Microsoft Office® (Excel—2019).
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RESULTS

The EquiSed showed intra- and interobserver reliability,
content, criterion, and construct validity and adequate item-total
correlation and internal consistency.

Training

In the training stage, the evaluators presented excellent
interobserver reliability (82-93%) and intraobserver reliability
(88, 82,91, and 85% for E1-E4, respectively).

Content Validity
The characteristics described based on previous studies, and the
semantic clarity of the items” descriptions were approved by the
evaluators of the study (Table 1).

All items on the scale had a sum >0.5 for the mean degree
of relevance for the three external veterinary anaesthesiologists.
Thus, there were no changes in the content of the scale.

Intraobserver Reliability (Repeatability)
Results of intraobserver reliability are presented in Table 2. The
repeatability of the EquiSed varied from good to very good for
thoracic limbs and visual items (CI 0.69-0.95). The other items
were reasonable to very good (CI 0.37-0.93). The repeatability
of the sum of the EquiSed was very good (CI 0.84-0.94), the
NRS varied from moderate to very good (CI 0.67-0.93), the VAS
sedation from moderate to very good (CI 0.62-0.92), the VAS
postural instability from moderate to very good (CI 0.54-0.87),
and the SDS from moderate to very good (CI 0.47-0.83).

Interobserver Agreement Matrix
(Reproducibility)

Results of interobserver reliability are presented in Table 3.
The individual items showed poor to very good interobserver
reliability (CI 0.18-0.91). The sum of EquiSed showed moderate
to very good interobserver reliability (CI 0.45-0.88). The
reliability of the NRS and VAS sedation ranged from moderate to
very good (CI 0.50-0.85). The SDS and VAS of postural instability
showed reasonable to good reliability (CI 0.20-0.66), respectively.

Concurrent Criterion Validity

The correlations between the sum of the EquiSed and all
other scales were high when all the treatments were analyzed
combined, except for the HHAG%, which presented a medium
correlation, just as in low (DL + DLM) and high (DH + DHM)
detomidine, and a low correlation for tranquilization (ACPL +
ACPH) (Table 4).

Construct Validity (Responsiveness)

Results of responsiveness are presented in Table 5. The postural
instability and auditory stimuli were responsive, as shown by the
difference between the baseline and the peak of sedation value,
with all treatments. The touch in the ears and the visual stimuli
showed responsiveness for all detomidine treatments, but not
for the two doses of acepromazine. The pressure stimuli on the
thoracic and pelvic limbs were responsive for the high doses
of detomidine (DH + DHM) only. When all treatments were
grouped, all items showed responsiveness.

All scales were responsive in all treatments, demonstrating
higher values at peak sedation or intermediate sedation
compared to baseline, except for the HHAG% which showed
lower values at peak sedation or intermediate sedation compared
to baseline (Table5, Figurel). When all treatments were
grouped, scores on all scales were higher at the peak sedation
and intermediate sedation in relation to the baseline and final
moment of sedation. All the scales were able to differentiate
the peak sedation from intermediate sedation, except for
the HHAG%.

For horses receiving acepromazine, the scores of all scales
except for HHAG% were higher at the final moment compared
to baseline (Table 5, Figure 1).

Differences between treatments at peak of sedation were
detected by all scales, except HHAG%. Sedation scores were
highest with DH, followed by DL and ACP. The addition of
methadone did not increase sedation.

Principal Component Analysis (PCA)
The analysis of multiple associations by principal components
defined the items with load factor of > 50% (Table 6), acceptable
according to the Kaiser criteria (36).

All items on the scale have the same vectorial direction
to identify sedated animals (Figure 2). The histogram of each
eigenvalue is represented on Figure 3.

Item-Total Correlation and Internal

Consistency

The item-total correlation ranged from 0.31 to 0.54, so all items
(0.3-0.7) were accepted (Table 7) (33). The internal consistency
was good for the total score of the scale and acceptable or good
when excluding each item.

Sensitivity and Specificity

When considering all treatments grouped, all items, except the
stimuli on the limbs demonstrated sensitivity. On the other
hand, only these stimuli demonstrated specificity (Table 7). The
sensitivity and specificity of the sum of the scale were 0.96 (CI
0.93-0.99) and 0.83 (CI 0.76-0.89), respectively.

ROC Curve and Cut-Off Point for Sedation

The area under the curve was 0.88 and therefore considered to be
a moderate discriminatory capacity (Figure 4) (41). The Youden
index was > 7 for all pooled evaluators. The range between
sensitivity and specificity > 0.90 was between 6.9 and 10. The
resampling bootstrap CI was 6.5-8.5. Based on the resampling
result, the diagnostic uncertainty zone ranged from 7 to 10, which
indicates that scores < 7 are horses that are not sufficiently
sedated while scores > 10 are those that are truly sedated. The
YI were > 5 for NRS, > 1 for SDS and > 43 for VAS.

Frequency Distribution of Scores

The frequencies of occurrence of the percentage scores for each
item of the EquiSed in horses subjected to high detomidine (DH
+ DHM), low detomidine (DL + DLM), or acepromazine (ACPL
+ ACPH) are shown in Figure 5.
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TABLE 2 | Intraobserver reliability of the NRS, SDS, EquiSed items, sum of EquiSed, VAS sedation, and VAS postural instability scores in horses treated with

acepromazine or detomidine alone or associated with methadone.

EquiSed items E1 E2 E3 E4

kw Cl kw Cl kw Cl kw Cl
NRS 0.80 0.73-0.85 0.89 0.85-0.93 0.90 0.85-0.93 0.75 0.67-0.82
SDS 0.73 0.64-0.82 0.69 0.57-0.78 0.75 0.65-0.83 0.55 0.47-0.64
Ears 0.67 0.57-0.76 0.78 0.68-0.86 0.77 0.70-0.82 0.73 0.65-0.81
Thoracic limb 0.91 0.82-0.95 0.89 0.75-0.95 0.90 0.81-0.95 0.92 0.87-0.95
Pelvic limb 0.81 0.59-0.91 0.83 0.70-0.92 0.86 0.75-0.93 0.80 0.71-0.89
Postural instability 0.69 0.57-0.78 0.58 0.46-0.68 0.78 0.71-0.84 0.53 0.39-0.64
Auditory 0.62 0.51-0.71 0.62 0.46-0.73 0.59 0.47-0.68 0.58 0.37-0.70
Visual 0.82 0.76-0.87 0.85 0.78-0.90 0.84 0.77-0.90 0.76 0.69-0.87
ICC (agreement)

ICC Cl ICC Cl ICC Cl IcCC Cl
Sum of the EquiSed 0.89 0.84-0.92 0.91 0.87-0.94 0.91 0.88-0.94 0.89 0.84-0.92
ICC (consistency)

ICC Cl ICC Cl ICC Cl ICC Cl
VAS sedation 0.76 0.69-0.82 0.89 0.85-0.92 0.89 0.86-0.92 0.71 0.62-0.78
VAS postural instability 0.70 0.62-0.77 0.64 0.54-0.72 0.83 0.78-0.87 0.56 0.45-0.66

EquiSed—Numerical composite sedation scale in horses, NRS—Numerical rating scale, SDS—Simple descriptive scale, VAS—Visual analog scale. E1, Evaluator 1; E2, Evaluator 2;
E3, Evaluator 3; E4, Evaluator 4. Interpretation of weighted Kappa (ky) and ICC (intraclass correlation coefficient)—very good if 0.81-1.0; good if 0.61-0.80; moderate if 0.41-0.60;
reasonable if 0.21-0.40; and poor if < 0.20. Cl (confidence interval) (33, 34). Bold values represent the Kw and ICC of intraobserver reliability.

There was a low frequency of 0 scores for the touch
the ears, auditory, and visual stimuli. The frequency of
scores of 3 predominated at peak sedation for the auditory
stimulus in horses receiving low and high detomidine and
for the visual stimulus in horses subjected to high dose
detomidine. Although the frequency of scores 3 predominated
for pressure on the thoracic limb during peak sedation,
there was still a high frequency of scores 0 during high
detomidine sedation.

In the stimulus pressure on the pelvic limb, the score 0
predominated at all times. However, for this item, the frequency
of higher scores increased proportionally with the intensity
of sedation. Postural instability was the item that presented
the most consistent results according to the moment and
treatment protocols.

DISCUSSION

The results of this study show that EquiSed differentiated low and
deep sedation and is an applicable scale for experimental and
clinical studies in horses. Equised identified different levels of
sedation according to the validation and reliability criteria used
in pain and sedation scales in different animal species and in
humans (20-22, 24, 25, 42, 43).

The validation of this scale was based on the observation
of the behavioral response of horses first while conscious and
without any drugs given, and also after tranquilization/sedation.
With the aim to standardize the methodology and guarantee
the reproducibility of future studies, the EquiSed compiled the
different methods for evaluation of the behavioral responses to
the stimuli described since the 1990s (5, 7, 11-13, 15, 19, 31).

Acepromazine and detomidine alone or associated with
opioids produce tranquilization and sedation and different
degrees of hypo-reactivity to environmental stimuli (7, 18, 30).
To validate the EquiSed and to ensure reliability for clinical and
experimental use, we selected experienced evaluators familiarized
with the use of widely used drugs in equine medicine (2-5, 7, 27,
44, 45). The methodology used for validation and evaluation of
intra and interobserver reliability was similar to that described to
validate pain scales in animals (20-26), which comprises blinded
evaluators and randomized videos to minimize interpretation
bias (46). Usually, in other metrics, especially in the area of
pain, inexperienced evaluators are included in the validation
process, for greater scope in applying the scale (47). Therefore,
further validation will be needed when this instrument is used by
inexperienced evaluators.

Before the video analysis, content validity was performed.
The stimuli already described and reported in the literature
were improved and detailed, and its relevance and clarity of
the description of all items (35, 48) was assessed by three
other experienced researchers in accordance with the process
of validation of other animal scales (20-26, 33). Content
validity evaluates the representativeness of the items (49) and
is correlated with the repeatability and reproducibility of the
scale (50).

The four evaluators recruited for our study were experienced
veterinary anaesthesiologists. However, general experience does
not guarantee good reliability for a specific attribute (51). Reliable
scales are essential when interpreting their results (52). Factors
that affect reliability include lack of practice/experience, the
fatigue of the evaluator, and the inadequate description of the
items of a scale (50). Previous studies stated that familiarization
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TABLE 3 | Interobserver agreement matrix of the sedation scores of the NRS, SDS, EquiSed items, sum of EquiSed, VAS sedation, and VAS postural instability in horses

treated with acepromazine or detomidine alone or associated with methadone.

Evaluator E1 E2 E3
kw Cl kw Cl kw Cl
NRS
E2 0.72 0.66-0.77
E3 0.75 0.70-0.80 0.78 0.73-0.82
E4 0.67 0.60-0.72 0.79 0.74-0.84 0.81 0.76-0.85
SDS
E2 0.41 0.34-0.47
E3 0.34 0.28-0.40 0.43 0.35-0.50
E4 0.43 0.36-0.50 0.60 0.52-0.66 0.59 0.51-0.64
Touch the ears
E2 0.66 0.59-0.73
E3 0.63 0.56-0.70 0.61 0.54-0.67
E4 0.54 0.47-0.61 0.58 0.51-0.65 0.69 0.62-0.74
Pressure on the thoracic limb
E2 0.92 0.87-0.94
E3 0.92 0.97-0.94 0.92 0.86-0.95
E4 0.90 0.86-0.93 0.92 0.87-0.95 0.91 0.86-0.94
Pressure on the pelvic limb
E2 0.77 0.65-0.85
E3 0.82 0.73-0.89 0.85 0.78-0.91
E4 0.68 0.56-0.76 0.75 0.66-0.83 0.78 0.71-0.85
Postural instability
E2 0.47 0.39-0.54
E3 0.54 0.47-0.61 0.50 0.40-0.57
E4 0.40 0.31-0.49 0.43 0.33-0.51 0.43 0.34-0.51
Auditory
E2 0.47 0.40-0.54
E3 0.52 0.44-0.59 0.58 0.50-0.66
E4 0.31 0.26-0.38 0.26 0.18-0.33 0.37 0.29-0.44
Visual
E2 0.74 0.68-0.78
E3 0.64 0.57-0.70 0.72 0.66-0.77
E4 0.38 0.33-0.44 0.46 0.41-0.51 0.55 0.49-0.61
ICC Cl ICC Cl ICC Cl
EquiSed
E2 0.81 0.77-0.85
E3 0.78 0.74-0.82 0.86 0.83-0.88
E4 0.53 0.45-0.61 0.72 0.66-0.77 0.78 0.73-0.82
VAS sedation
E2 0.65 0.568-0.71
E3 0.75 0.70-0.80 0.74 0.69-0.79
E4 0.58 0.50-0.64 0.78 0.74-0.82 0.75 0.70-0.79
VAS postural instability
E2 0.44 0.35-0.52
E3 0.59 0.52-0.66 0.30 0.20-0.39
E4 0.42 0.33-0.50 0.44 0.35-0.52 0.32 0.22-0.41

EquiSed—Numerical composite sedation scale in horses, NRS—Numerical rating scale, SDS—Simple descriptive scale, VAS—Visual analog scale. E1, Evaluator 1; E2, Evaluator 2;
E3, Evaluator 3; E4, Evaluator 4. Interpretation of weighted Kappa (kw) and ICC—very good if 0.81-1.0; good if 0.61-0.80; moderate if 0.41-0.60; reasonable if 0.21-0.40; and poor if
<0.20. Cl (confidence interval) (33, 34). Bold values represent the Kw and ICC of intraobserver reliability.
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TABLE 4 | Correlation between the EquiSed with the NRS, SDS, and VAS sedation registered by analyzing the videos and with the HHAG% recorded in situ in horses

treated with acepromazine or detomidine alone or associated with methadone.

Scales/EquiSed

Treatments

Grouped moments

NRS

SDS

VAS sedation

Tranquilization (ACPL + ACPH)
Low detomidine (DL+ DLM)
High detomidine (DH + DHM)
All treatments

Tranquilization (ACPL + ACPH)
Low detomidine (DL+ DLM)
High detomidine (DH + DHM)
All treatments

Tranquilization (ACPL + ACPH)
Low detomidine (DL+ DLM)
High detomidine (DH + DHM)

0.65 CI (0.63-0.73)
0.69 CI (0.68-0.76)
0.84 CI (0.82-0.88)
0.77 CI (0.74-0.79)
0.57 CI (0.51-0.64)
0.67 CI (0.63-0.74)
0.78 CI (0.77-0.83)
0.70 CI (0.67-0.73)
0.64 Cl (0.61-0.71)
0.68 CI (0.66-0.77)
0.84 CI (0.83-0.88)

All treatments

0.76 CI (0.73-0.78)

HHAG% Tranquilization (ACPL + ACPH) —0.14 CI (—0.07-0.43)
Low detomidine (DL+ DLM) —0.40 CI (—0.28 to —0.68)
High detomidine (DH + DHM) —0.69 CI (—0.66 to —0.85)
All treatments —0.52 Cl (—0.65 to —0.44)

EquiSed— Numerical composite sedation scale in horses, NRS —Numerical rating scale, SDS — Simple descriptive scale, VAS sedation— Visual analog scale of sedation. HHAG%, Head
height above the ground %. Interpretation of Spearman’s correlation—0-0.35-low correlation; 0.35-0.7—medium correlation; 0.7-1.0—high correlation. Bold values correlation> 70

(20, 33, 40).

with the scale guarantees ability (53, 54), therefore previous
training should have ensured good intra- and interobserver
reliability in the current study. To reduce fatigue, the video
analysis had clear instructions to the evaluators to watch the
videos for up to a maximum of 1 h a day.

Despite the previously described cautions, intra- and
interobserver reliability for the items auditory and visual stimuli
and postural instability presented worse results compared to
the other stimulli. These low-reliability values raise the question
if these items are reproducible when evaluated in isolation
in sedation studies in horses. However, apparently, even the
inclusion of these stimuli together with others guaranteed the
reliability of the sum of the EquiSed, which presented the highest
repeatability of all the scales (NRS, SDS, and VAS); EquiSed had
a very good intraobserver reliability and moderate to very good
interobserver reliability.

The SDS in this study presented reliabilities ranging from
reasonable to very good. These results showed that the
reproducibility of the SDS can be compromised when comparing
results from different studies. This is mainly due to the fact
that unidimensional scales can be subjectively interpreted by the
evaluator (2, 3, 5). Similar inconsistent reproducibility results
were observed for the SDS when evaluating pain in other species
such as dogs (55).

The concurrent criterion validity measures how much the
new instrument correlates with a gold standard tool (33, 47).
Unfortunately, a validated and therefore gold standard method
for sedation assessment in horses has not been available in
the literature yet. This did not allow us to have a reliable
determination of the accuracy and efficacy of EquiSed. The
alternative approach used in the current study for the concurrent

criterion validity test was to correlate the EquiSed against
unidimensional scales (NRS, VAS, SDS) and HHAG%. This was
a similar approach used in previous studies which developed
and validated pain scales in other species (20, 26, 56, 57). In
addition, HHAG% was incorporated in the current study because
this is a well-recognized method for assessing the degree of
sedation in horses (2, 5, 7, 11, 12). According to this criteria,
EquiSed presented a high correlation with these other scales and
these correlations improved as the intensity of sedation increased
(acepromazine < low detomidine < high detomidine) (58).

Construct validity evaluates responsiveness. Possible drugs,
doses, and associations used in clinical and experimental
settings were included to evaluate their effects on the
score values. EquiSed identified differences between the
moments before and after sedation/tranquilization and
differences between treatments and doses. EquiSed scores
were proportional to tranquilization/sedation degree, i.e., the
highest scores were attributed to the peak and/or intermediate
tranquilization/sedation, and the lowest scores were attributed to
the baseline. However, the tranquilizing effect of acepromazine
overtime remained for up to 120min (end of sedation)
(10, 59). At this time, the effect of acepromazine was even
greater than in treatments with detomidine. For this reason,
studies using acepromazine should consider its prolonged
tranquilizing effect.

The authors recognize that some parameters are not
specific for sedation and might be influenced by, for instance,
antinociception. But also the opposite, when one investigates
the effects of analgesic drugs, may be a confounding factor. In
the previously published study performed simultaneously (18),
nociceptive threshold was greater and longer in animals treated
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TABLE 5 | Responsiveness during and between treatments of the EquiSed, NRS, SDS, VAS sedation, and HHAG% in horses treated with acepromazine or detomidine

alone or associated with methadone.

Moments
Scales Baseline Peak of sedation Intermediate sedation End of sedation
Items Median Amplitude Median Amplitude Median Amplitude Median Amplitude
NRS ACPL 2018 1-5 260 1-6 38 1-6 208 1-5
ACPH 108 0-6 438 1-7 438 1-7 434 1-7
DL 2boA 1-7 528 2-9 308 1-8 20BC 1-5
DLM 108 0-6 528 1-8 308 1-7 2¢C 1-4
DH 20AB 0-6 78R 59 407 2-8 2¢C 1-5
DHM 20AB 1-5 8 4-10 6bA 2-8 20BC 1-5
All 2d 0-7 58 1-10 4b 1-8 2¢ 1-7
SDS ACPL 10 0-2 1abC 0-2 1aC 0-2 1abAB 0-2
ACPH oP 0-2 138 0-2 1280 0-2 134 0-2
DL 1be 0-2 288 0-3 16C 0-2 1¢8 0-2
DLM 0° 0-2 238 0-3 10C 0-2 18 0-1
DH 1° 0-2 20A 1-3 10AB 0-2 1°8 0-2
DHM 10 0-2 20A 1-3 287 0-3 108 0-2
All 1° 0-2 28 0-3 10 0-3 1° 0-2
Ears ACPL 1 0-2 1 0-2 18 0-3 1 0-2
ACPH 1 0-3 18 0-3 18 0-3 1 0-3
DL 1P 0-2 188 1-3 1308 0-2 1P 0-3
DLM 1P 0-3 138 0-3 1abB 0-3 1P 0-3
DH 1° 0-3 28A 0-3 10AB 0-2 10 0-3
DHM 1P 0-2 29A 1-3 284 0-3 10 0-2
All 1°¢ 0-3 22 0-3 10 0-3 1° 0-3
Thoracic ACPL 0 0-3 0° 0-3 0re 0-3 or 0-3
limb ACPH 0 0-3 0rBC 0-3 or 0-3 ot 0-3
DL 0 0-3 0° 0-3 0re 0-3 0re 0-2
DLM 0 0-2 08¢ 0-3 0re 0-1 0re 0-2
DH o° 0-2 3248 0-3 OB 0-1 OB 0-1
DHM oP 0-1 284 0-3 QbAB 0-2 QP8 0-1
All o° 0-3 02 0-3 o° 0-3 o° 0-3
Pelvic ACPL 0 0-1 o° 0-2 0r8 0-2 0r8 0-2
limb ACPH 0 0-2 o° 0-1 08 0-2 0r8 0-2
DL 0 0-1 o° 0-1 08 0-1 08 0-0
DLM o° 0-1 08¢ 0-1 (0208 0-1 opB 0-1
DH o 0-1 1aAB 0-2 QPAB 0-1 QP8 0-1
DHM o° 0-1 28A 0-3 opA 0-2 opA 0-1
All o° 0-2 02 0-3 0P 0-2 oP° 0-2
Postural ACPL 0P 0-1 1aC 0-2 18ABC 0-2 1aA8 0-2
instability ACPH QpBC 0-1 1a8C 0-2 1aBC 0-2 1A 0-2
DL 180A 0-1 188 0-2 1abBC 0-1 QpPBC 0-2
DLM QpABC 0-2 128 0-2 108 0-1 Qe 0-1
DH 108 0-1 237 0-2 1PAC 0-2 QeBC 0-1
DHM (QCABC 0-2 28A 0-3 10A 0-2 (QcBC 0-2
All 0° 0-2 1@ 0-3 10 0-2 0° 0-2
Auditory ACPL ob 0-3 0aC 1-3 288 1-3 DabAB 1-3
ACPH 20 1-3 2aBC 1-3 228 0-3 22AB 1-3
DL 20 0-3 324 2-3 2208 1-3 2obB 1-3
DLM 20 0-3 324 1-3 228 1-3 2obAB 1-3
DH 20 1-3 324 1-3 3 1-3 2bAB 0-3
(Continued)
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TABLE 5 | Continued

Moments
Scales Baseline Peak of sedation Intermediate sedation End of sedation
Items Median Amplitude Median Amplitude Median Amplitude Median Amplitude
DHM 2b 0-3 38 1-3 3% 2-3 20A 1-3
All 2¢ 0-3 3?2 1-3 22 0-3 20 0-3
Visual ACPL 1 0-3 1C 1-3 1C 1-3 248 0-3
ACPH 1° 0-3 23BC 1-3 23BC 0-3 237 0-3
DL 1° 0-2 2@8 0-3 2abBC 0-3 1boB 0-3
DLM 10 0-3 228 0-3 22AB 0-3 108 0-3
DH 20 1-3 324 1-3 328 1-3 2bAB 0-3
DHM 20 0-3 324 2-3 324 1-3 108 0-2
All 1° 0-3 22 0-3 22 0-3 ob 0-3
EquiSed ACPL 5b 1-10 6ac 3-12 68 3-14 648 2-12
ACPH 4,50 1-15 7@B 3-15 728 2-13 78A 3-14
DL 5,6° 2-12 788 5-14 6B 2-12 5¢BC 2-9
DLM 4° 1-10 748 3-14 7B 1-11 4,5°C 1-8
DH 6° 2-10 1134 7-16 80oAB 3-11 59BC 2-9
DHM 5° 2-11 1294 9-16 8,504 5-15 508C 2-10
Al 5d 1-15 9 3-16 7° 1-15 5¢ 1-14
VAS sedation ACPL 7° 0-50 14p°C 0-59 2428 0-62 19078 0-51
ACPH 6° 0-60 3628 0-64 3128 0-67 282 0-77
DL 150¢ 0-61 47%8 2-83 2008 0-73 10°BC 0-56
DLM 6° 0-52 48%8 0-82 2008 0-86 9cC 0-36
DH 6°¢ 0-52 70%A 44-99 40PA 14-81 7°C 0-46
DHM 7° 0-47 764 31-99 5504 4-80 11080 0-54
All 7d 0-61 498 0-99 320 0-86 14° 0-77
VAS postural instability ACPL 0°B 0-16 3beD 0-31 1028C 0-53 5aPA8 0-30
ACPH (os 0-22 122C 0-65 10286 0-47 1024 0-66
DL 7PA 0-30 122C 0-74 760 0-41 28 0-43
DLM 10cAB 0-30 172BC 0-62 6°C 0-39 0°8 0-25
DH 0cAB 0-24 28%A 0-85 150A8 0-77 308 0-22
DHM 1048 0-37 412A8 7-92 1507 0-69 20AB 0-51
All 0.5¢ 0-37 152 0-92 10° 0-77 3¢ 0-66
Height Head Above the ~ ACPL 1002 100-100 89abA 27-100 84bAB 81-90 952 71-103
Ground%*
ACPH 1002 100-100 66°A8 53-91 828bAB 50-102 92 68-105
DL 1002 100-100 530A8 22-71 93ebA 44-105 1032 83-110
DLM 1002 100-100 64°A8 29-89 85°pAB 47-95 1002 96-107
DH 100° 100-100 278 18-47 6038 27-80 1002 86-105
DHM 1002 100-100 2908 14-74 6820AB 26-95 1022 84-147
All 1002 100-100 530 14-100 82b 26-105 1002 68-147

EquiSed—Numerical composite sedation scale in horses, NRS—Numerical rating scale, SDS—Simple descriptive scale, VAS— Visual analog scale; ACPL + ACPH (acepromazine in
low and high doses); DL + DLM (detomidine in low and high doses); DH + DHM (detomidine in low and high doses); *data obtained from a previously published article (18). Different
lower-case letters represent statistical differences over time (p < 0.05) (a> b> c). Different capital letters represent statistical differences between treatments (p < 0.05) (A>B>C).

with the high dose of detomidine and methadone, compared to
detomidine alone. Otherwise, the sedation data of the current
study showed that the inclusion of methadone did not increase
either the total sedation scores or the scores of any separated
item. In both previous studies (7, 18), methadone increased
detomidine-induced  antinociception ~ without increasing
sedation. However, even so, it is difficult to differentiate for pelvic

and thoracic limb stimuli, sedation from antinociception in
horses treated with alpha-2 agonists. None of the sedation scales
differentiated the effect of including methadone in each dose
of detomidine.

EquiSed detected differences between the high degree
of sedation vs. both low degree of sedation and vs. low
degree of tranquilization but did not differentiate the high
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FIGURE 1 | EquiSed scores before and after (A) tranquilization (ACPL + ACPH), (B) low detomidine (DL + DLM) and (C) high detomidine (DH + DHM). ACPL +
ACPH—acepromazine in low and high doses; DL + DLM—detomidine in low dose and associated with methadone; DH + DHM—detomidine in high dose and
associated with methadone. Baseline—baseline moment; Peak of sedation—peak of sedation; Intermediate —intermediate sedation; and end of sedation. Different
symbols indicate significant differences between scores (p < 0.05). + > £> §.

TABLE 6 | Load values, eigenvalues, and variance of EquiSed items by the principal component analysis.

EquiSed Items

Load factors in Dimension 1

Load factors in Dimension 2

Touch the ears 0.67 0.07
Pressure on the thoracic limb 0.71 0.50
Pressure on the pelvic limb 0.72 0.36
Postural Instability 0.68 —-0.17
Auditory stimulus 0.48 -0.76
Visual stimulus 0.68 -0.27
Eigenvalue 2.62 1.07
Variance 43.64 17.84

EquiSed— Numerical composite sedation scale in horses. Eigenvalues> 1, variance > 20 and load factor > 0.50 or < —0.50 are approved (36). Load factors represent the correlation
of items with the scale and how much each item contributes to each factor. Bold values represent load factor > 0.50 or < —0.50.

degree of tranquillisation from a low degree of sedation. At
the peak of sedation, the total score and the items postural
instability and auditory and visual stimulus identified low
tranquilization with acepromazine vs. the other groups.
Therefore, the scores apparently increased proportionally
to the degree of central nervous system (CNS) depression.
All items significantly increased the EquiSed score in horses
treated with high detomidine, in both peak sedation and/or
intermediate sedation. There was very similar responsiveness
among the unidimensional scales and EquiSed. As expected,
HHAG%, the most used parameter for sedation in horses,
likewise the other scales, decreased as detomidine dose
increased. If we consider the current interpretation of
HHAG% (2), only horses treated with the high detomidine
dose could be regarded as sufficiently sedated (< 50%) in
the current study, the value used to define the Youden
index (i.e., horses with EquiSed scores > 7 are considered
sufficiently sedated).

The PCA identifies how variables are grouped into factors
or dimensions (60) to determine the extent of the scale (61).
Based on this analysis, all stimuli were approved on the scale
(62, 63). The vector analysis showed that all stimuli were
directed to the right side of the graph where moments of

greater sedation were located, confirming that all the items can
identify sedation.

The item-total correlation confirmed the homogeneity and
importance of each item on the EquiSed (64), demonstrating that
all items contribute to the final score. The internal consistency
which correlates the different items on the scale was acceptable
for all the items, suggesting that they are representative for
evaluating sedation in horses (33).

Sensitivity and specificity evaluate the accuracy in identifying
sedated and non-sedated animals, respectively. The «-2
adrenergic agonists reduce the response to different stimuli (7).
However, the low sensitivity to tactile stimuli in the limbs in
this study may be related to the learning effect already described
(5), despite the efforts to minimize this effect by alternating
the limb stimulation. Other possible explanations are that the
a-2 adrenergic agonist-reduction of tactile stimuli response is
dose-dependent. High (20 pg/kg of detomidine) but not low
doses reduce the response to tactile stimuli on the limbs (13).
Still, some authors sustained that even horses deeply sedated
with a-2 adrenergic agonists alone can react to touch (65, 66).
The most evident ataxia occurs only from doses > 5 pg/kg (8). In
this study, maximum ataxia was not found, which corroborates
the low sensitivity to tactile stimuli in the limbs.
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FIGURE 2 | Biplot of the principal component analysis of the EquiSed. Confidence ellipses were built according to the moments before and after sedation. Baseline
(green); peak of sedation (red); intermediate sedation (purple); end of sedation (blue). The ellipses on the left represent the absence or end of sedation and on the right
represent the peak of sedation or intermediate sedation. The moments of greatest sedation (intermediate and peak) influence all the items on the scale since their
vectors are directed to these ellipses. Each isolated symbol represents each assessment of each horse at each moment.
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TABLE 7 | Spearman’s item-total correlation, internal consistency, sensitivity, and specificity of EquiSed.

EquiSed items Item-total correlation Internal consistency Sensitivity (Cl) Specificity (Cl)
All items Excluding each item below 0.73 0.96 (0.93-0.99) 0.83 (0.76-0.89)
Touch the ears 0.50 0.68 93 (91-96) 16 (12-20)
Pressure on the thoracic limb 0.49 0.69 42 (38-48) 74 (69-80)
Pressure on the pelvic limb 0.54 0.68 39 (34-44) 91 (88-94)
Postural instability 0.50 0.68 78 (74-82) 62 (567-67)
Auditory stimulus 0.31 0.73 100 (100-100) 1(1-1)
Visual stimulus 0.49 0.68 100 (99-100) 8(6-12)

EquiSed— Numerical composite sedation scale in horses. Interpretation of the Spearman item-total correlation (rs)—values between 0.3 and 0.7 are acceptable and are in bold (33).
Interpretation of Cronbach’s a coefficient (internal consistency): minimally acceptable 0.60-0.64, acceptable 0.65-0.69, good 0.70-0.74, very good 0.75-0.80, and excellent > 0.80
(38). Acceptable values are in bold. Interpretation for sensitivity and specificity: excellent 95—-100%, good 85-94.9%, moderate 70-84.9%, and not sensitive or specific < 70% (24, 39).Cl:

confidence interval. Values with acceptable sensitivity and specificity are in bold (> 70%).

With respect to specificity, only the items pressure on the
limbs were specific. The lack of specificity of some items is
associated with a limitation of the study, where docile horses may
not respond to stimulus leading to scores above zero at baseline.
It is probable that horses under stress or agitation, and in an
unfamiliar environment, unlike our study, would have lowered
the scores on all items before sedation as they would respond
more readily to stimuli.

The high sensitivity and specificity of the total score of
EquiSed compensated for below the expected results of sensitivity
and specificity of the isolated items. The HHAG% was used as
a predictive value for this calculation because it is an objective
and consecrated method to assess sedation (2, 5, 7, 11, 12).
Total EquiSed scores >7 (YI) indicates that horses are sufficiently
sedated for clinical and or surgical procedures, and this is
information may be useful for clinical use.
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FIGURE 4 | Area under the curve (AUC) and two-graph ROC curve with the diagnostic uncertainty zone for the EquiSed. Receiver operating characteristic (ROC)
curve with a 95% confidence interval (Cl) calculated from 1,001 replications and under the curve (AUC). Interpretation of AUC: low (0.5-0.7), moderate (0.7-0.9), and
high (> 0.9) discriminatory capacity (41). Two-graph ROC curve, Cl of 1,001 replications, and sensitivity and specificity >0.90 applied to estimate the diagnostic
uncertainty zone of the cut-off point according to the Youden index for the EquiSed. The diagnostic uncertainty zone ranged from 7 to 10; scores < 7 are horses that
are not sufficiently sedated while scores > 10 are those that are truly sedated. Youden index > 7 represents the cut-off point for sufficient sedation.

Although the EquiSed was validated in its entirety with all  or clinical situation, one of the stimuli cannot be used (for
included items, since the reliability and validity analyses were  example the auditory or visual, as they can frighten animals),
carried out separately for each item, when, in an experimental  they could be excluded, and the scale adapted. However, it is
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FIGURE 5 | Frequency distribution of EquiSed scores before and after tranquilization (ACP—Treatments ACPL4+-ACPH), low detomidine (LD— Treatments DL+DLM),
and high detomidine (HD—Treatments DH-+DHM). ACPL and ACPH—Acepromazine in low and high doses, respectively, DL and DLM—Detomidine in low dose and
associated with methadone, respectively, DH and DHM— Detomidine in high dose and associated with methadone, respectively. Baseline—basal sedation, Peak of
sedation—peak sedation, Intermediate —intermediate sedation, and End of sedation.

emphasized that a new validation of the adapted scale would  described in the EquiSed. This method of assessment possibly
be necessary. contributed to the very similar responsiveness results among the

Our study is not free of limitations. The first limitation wasthe =~ unidimensional scales and EquiSed. A third limitation is the
docile temperament and previous adaptation of the horses to the  limited number of horses, however based on the 4 R’s (reduce,
environment, personnel, and handling, which possibly explain  replace, refine, and respect), the number of horses were reduced
the lack of specificity of some EquiSed stimuli. To address this ~ to the minimum necessary, but still based on the sample size
deficiency, the scale should be tested in animals with different  calculated. The fourth limitation was the lack of independence
temperaments to confirm or not this assumption. A second  for observations represented by the replicated use of seven horses
limitation was that the performance of the unidimensional scales ~ submitted to six treatments, evaluated by four observers in 4
might have been inflated by the experience of the evaluators  moments of two phases, with a total of 168 evaluations. This
and by prior knowledge of the behavioral indicators of sedation  limitation may lead to an inflated alpha of the hypothesis tests
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and for the confidence intervals. A final limitation was that 16
videos used for training were selected from the 168 videos used in
the main study. Therefore, evaluators could be able to recognize
each single horse when assessing the main study videos. However,
we do not believe this was a bias because in both cases evaluators
were unaware of the moment at which the videos were recorded,
and the horses were very similar in appearance.

To summarize, the main advantage of EquiSed over HHAG is
the ability to differentiate tranquilization from baseline (without
the effect of CNS depressors) and the low level of tranquilization
from high level of tranquilization and from low sedation. Besides
that, EquiSed, but not HHAG%, was able to differentiate low
from high sedation state. The disadvantage of EquiSed is the
need for interaction with the horse, especially in clinical practice,
contrasting other scales based on facial expression, for example.
Otherwise, one of the disadvantages of HHAG is that it cannot be
used in dental practice.

EquiSed presents intra- and interobserver reliability and
content, criterion, and construct validity in horses tranquilized
with acepromazine or sedated with detomidine alone or
associated with methadone. EquiSed is easily applicable and
differentiates low from high sedation and low from high
tranquilization. However, considering that the data replication
originated from the grouping of horses, observers and moments
may have inflated the alpha values facilitating type I error in
results, future experimental and/or clinical studies may either
confirm or not the usefulness, reproducibility and validity of
the scale.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author/s.

ETHICS STATEMENT

The animal study was reviewed and approved by Ethics
Committee on the Use of Animals for research at the

REFERENCES

1. Johnston GM, Eastment JK, Wood JLN, Taylor PM. The confidential enquiry
into perioperative equine fatalities (CEPEF): mortality results of Phases 1
and 2. Vet Anaesth Analg. (2002) 29:159-70. doi: 10.1046/j.1467-2995.2002.
00106.x

2. Ringer SK, Portier
R.  Development of a
or without butorphanol
Anaesth  Analg.  (2012)
00653.x

3. Ringer SK, Portier KG, Fourel I, Bettschart-Wolfensberger R. Development

of a romifidine constant rate infusion with or without butorphanol
for standing sedation of horses. Vet Anaesth Analg. (2012) 39:12-
20. doi: 10.1111/j.1467-2995.2011.00681.x

. Schauvliege S, Cuypers C, Michielsen A, Gasthuys F, Gozalo-Marcilla M. How

to score sedation and adjust the administration rate of sedatives in horses:

KG, Fourel I,
xylazine  constant
for standing

39:1-11.  doi:

Bettschart-Wolfensberger
rate with
sedation of horses. Vet
10.1111/j.1467-2995.2011.

infusion

School of Veterinary Medicine and Animal Science, Sdo
Paulo State University (Unesp), Botucatu, SP, Brazil, under
protocol 2017/0051.

AUTHOR CONTRIBUTIONS

ARO contributed to the conception, development, execution,
analysis, and interpretation of data and preparation of the
manuscript. MG-M contributed to the conception, development,
execution, and preparation of the manuscript. MG-M,
SKR, and SS contributed to the conception, evaluation
of the videos, and corrections of the study manuscript.
MWF and JNPPF contributed to the development and
execution of the study. PHET contributed with statistical
analysis and data interpretation. SPLL contributed to the
conception, development, interpretation of data, preparation
of the manuscript, and final correction of the manuscript.
All authors contributed to the article and approved the
submitted version.

FUNDING

This study was supported by Sao Paulo Research
Foundation (FAPESP), doctoral scholarship granted, protocol
2017/16208-0, thematic project 2017/12815-0, and post-doctoral
grant 2017/01425-6.

ACKNOWLEDGMENTS

We thank the colleagues who kindly participated in the EquiSed
content validation: Marilda Taffarel, Fldvia de Oliveira, Carlize
Lopes, and for Altamiro Rosam for the care and dedication to
the animals.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fvets.
2021.611729/full#supplementary-material

a literature review and introduction of the Ghent sedation algorithm. Vet
Anaesth Analg. (2019) 46:4-13. doi: 10.1016/j.vaa.2018.08.005

5. Ringer SK, Portier K, Torgerson PR, Castagno R, Bettschart-
Wolfensberger R. The effects of a loading dose followed by constant
rate infusion of xylazine compared with romifidine on sedation,
ataxia and response to stimuli in horses. Vet Anaesth Analg. (2013)
40:157-65. doi: 10.1111/j.1467-2995.2012.00784.x

6. Risberg A, Spadavecchia C, Ranheim B, Krontveit R, Haga HA.
Antinociceptive of three escalating dexmedetomidine
lignocaine constant rate infusions in conscious horses. Vet J. (2014)
202:489-97. doi: 10.1016/j.tvj1.2014.09.007

7. Gozalo-Marcilla M, Luna SPL, Crosignani N, Filho JNP, Possebon FS,
Pelligand L, et al. Sedative and antinociceptive effects of different
combinations of detomidine and methadone in standing horses. Vet Anaesth
Analg. (2017) 44:1116-27. doi: 10.1016/j.vaa.2017.03.009

8. Hamm D, Jochle W. Sedation and analgesia with dormosedan(®
(detomidine hydrochloride) or acepromazine for suturing of the

effects and

Frontiers in Veterinary Science | www.frontiersin.org

16

February 2021 | Volume 8 | Article 611729


https://www.frontiersin.org/articles/10.3389/fvets.2021.611729/full#supplementary-material
https://doi.org/10.1046/j.1467-2995.2002.00106.x
https://doi.org/10.1111/j.1467-2995.2011.00653.x
https://doi.org/10.1111/j.1467-2995.2011.00681.x
https://doi.org/10.1016/j.vaa.2018.08.005
https://doi.org/10.1111/j.1467-2995.2012.00784.x
https://doi.org/10.1016/j.tvjl.2014.09.007
https://doi.org/10.1016/j.vaa.2017.03.009
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

Oliveira et al.

Sedation Scale Validation in Horses

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

vulvar lips in mares (Caslicks surgery). J Equine Vet Sci. (1991)
11:86-8. doi: 10.1016/S0737-0806(07)80136-5

. Taylor P, Coumbe K, Henson E Scott D, Taylor A. Evaluation of sedation

for standing clinical procedures in horses using detomidine combined with
buprenorphine. Vet Anaesth Analg. (2014) 41:14-24. doi: 10.1111/vaa.12055
Poller C, Hopster K, Rohn K, Kistner SBR. Nociceptive thermal
threshold testing in horses - effect of neuroleptic sedation and
neuroleptanalgesia at different stimulation sites. BMC Vet Res. (2013)
9:135. doi: 10.1186/1746-6148-9-135

Bryant CE, England GCW, Clarke KW. A comparison of the sedative effects
of medetomidine and xylazine in the horse. Vet Anaesth Analg. (1991) 18:55-
7. doi: 10.1111/j.1467-2995.1991.tb00511.x

Clarke KW, England GCW, Goossens L. Sedative and cardiovascular effects
of romifidine, alone and in combination with butorphanol, in the horse. Vet
Anaesth Analg. (1991) 18:25-9. doi: 10.1111/j.1467-2995.1991.tb00008 x
England GC, Clarke KW, Goossens L. A comparison of the sedative
effects of three alpha 2-adrenoceptor agonists (romifidine, detomidine
and xylazine) in the horse. J Vet Pharmacol Ther. (1992) 15:194-
201. doi: 10.1111/j.1365-2885.1992.tb01007.x

Mama KR, Grimsrud K, Snell T, Stanley S. Plasma concentrations, behavioural
and physiological effects following intravenous and intramuscular detomidine
in horses. Equine Vet J. (2009) 41:772-7. doi: 10.2746/042516409X421624
Love EJ, Taylor PM, Murrell ], Whay HR, Waterman-Pearson AE. Assessment
of the sedative effects of buprenorphine administered with 10 pg/kg
detomidine in horses. Vet Rec. (2011) 168:379. doi: 10.1136/vr.c7288
Grimsrud KN, Mama KR, Steffey EP, Stanley SD. Pharmacokinetics and
pharmacodynamics of intravenous medetomidine in the horse. Vet Anaesth
Analg. (2012) 39:38-48. doi: 10.1111/§.1467-2995.2011.00669.x

LAmi JJ, Vermunt LE, van Loon JPAM, Sloet van Oldruitenborgh-
Oosterbaan MM. Sublingual administration of detomidine in horses:
sedative effect, analgesia and detection time. Vet J. (2013) 196:253-
9. doi: 10.1016/j.tvjl.2012.08.016

Gozalo-Marcilla M, Oliveira AR, Fonseca MW, Possebon FS, Pelligand L,
Taylor PM, et al. Sedative and antinociceptive effects of different detomidine
constant rate infusions, with or without methadone in standing horses. Equine
Vet J. (2018) 51:530-6. doi: 10.1111/evj.13054

Potter JJ, Macfarlane PD, Love EJ, Tremaine H, Taylor PM, Murrell JC.
Preliminary investigation comparing a detomidine continuous rate infusion
combined with either morphine or buprenorphine for standing sedation in
horses. Vet Anaesth Analg. (2016) 43:189-94. doi: 10.1111/vaa.12316
Brondani JT, Mama KR, Luna SPL, Wright BD, Niyom S, Ambrosio J, et al.
Validation of the English version of the UNESP-Botucatu multidimensional
composite pain scale for assessing postoperative pain in cats. BVMC Vet Res.
(2013) 9:143. doi: 10.1186/1746-6148-9-143

Brondani JT, Luna SPL, Padovani CR. Refinement and initial validation of
a multidimensional composite scale for use in assessing acute postoperative
pain in cats. Am J Vet Res. (2011) 72:174-83. doi: 10.2460/ajvr.72.2.174
Monteiro BP, Steagall PVM, Lavoie A, Frank D, Troncy E, Luna SPL, et al.
Validation of the French version of the UNESP-Botucatu multidimensional
composite pain scale for assessing postoperative pain in cats. Can Vet J.
(2017) 58:56-64.

Della Rocca G, Brondani JT, Oliveira FA, Crociati M, Sylla L, Ngonput AE,
et al. Validation of the Italian version of the UNESP-Botucatu unidimensional
composite pain scale for the assessment of postoperative pain in cattle. Vet
Anaesth Analg. (2016) 44:1253-61. doi: 10.1016/j.vaa.2016.11.008

Taffarel MO, Luna SPL, Oliveira FA, Cardoso GS, Alonso JM, Pantoja JC, et al.
Refinement and partial validation of the UNESP-Botucatu multidimensional
composite pain scale for assessing postoperative pain in horses. BMC Vet Res.
(2015) 11:83. doi: 10.1186/s12917-015-0395-8

Oliveira FA, Luna SPL, Amaral JB, Rodrigues KA, Sant'Anna AC, Daolio
M, et al. Validation of the UNESP-Botucatu unidimensional composite
pain scale for assessing postoperative pain in cattle. BMC Vet Res. (2014)
10:200. doi: 10.1186/s12917-014-0200-0

Luna SPL, Aratjo AL, N6brega Neto PI, Brondani JT, Oliveira FA, Azerédo
LMS, et al. Validation of the UNESP-Botucatu pig composite acute pain scale
(UPAPS). PLoS ONE. (2020) 15:1-27. doi: 10.1371/journal.pone.0233552
Ringer SK, Schwarzwald CC, Portier KG, Ritter A, Bettschart-Wolfensberger
R. Effects on cardiopulmonary function and oxygen delivery of doses of

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

romifidine and xylazine followed by constant rate infusions in standing
horses. Vet J. (2013) 195:228-34. doi: 10.1016/j.tvj1.2012.06.036

Marly C, Bettschart-Wolfensberger R, Nussbaumer P, Moine S, Ringer SK.
Evaluation of a romifidine constant rate infusion protocol with or without
butorphanol for dentistry and ophthalmologic procedures in standing horses.
Vet Anaesth Analg. (2014) 41:491-7. doi: 10.1111/vaa.12174

Seo JP, Son WG, Gang S, Lee I. Sedative and analgesic effects of
intravenous xylazine and tramadol on horses. J Vet Sci. (2011) 12:281-
6. doi: 10.4142/jvs.2011.12.3.281

Love EJ, Taylor PM, Murrell J, Whay HR. Effects of acepromazine,
butorphanol and  buprenorphine on
nociceptive thresholds in horses. Equine
5. doi: 10.1111/j.2042-3306.2011.00412.x
Gardner R, White G. Efficacy of sublingual administration of detomidine
gel for sedation of horses undergoing veterinary and husbandry
procedures under field conditions. J Am Vet Med Assoc. (2010)
237:1459-64. doi: 10.2460/javma.237.12.1459

Gozalo-Marcilla M, Luna SPL, Moreira da R, Crosignani
N, Lopes NP, Taylor PM, et al. Characterisation of the in vivo
interactions
pharmacokinetic and pharmacodynamic modelling. Equine Vet J. (2019)
51:517-29. doi: 10.1111/evj.13031

Streiner DL, Norman GR, Cairney J. Health Measurement Scales: A Practical
Guide to Their Development and Use. 5th ed. New York, NY: Oxford
University Press (2015). doi: 10.1093/med/9780199685219.001.0001

Miot HA. Agreement analysis in clinical and experimental studies. J Vasc Bras.
(2016) 15:89-92. doi: 10.1590/1677-5449.004216

Jensen ~ MP.  Questionnaire  validation: a  brief guide for
readers of the research literature. Clin ] Pain. (2003) 19:345-
52. doi: 10.1097/00002508-200311000-00002

Kaiser HF. The varimax criterion for analytic rotation in factor analysis.
Psychometrika. (1958) 23:187-200. doi: 10.1007/BF02289233

Crombach L. Coefficient alpha and the internal structure of tests.
Psychometrika. (1951) 16:297-333.

Streiner DL. Starting at the beginning: an
coefficient alpha and internal consistency. ] Pers
80:99-103. doi: 10.1207/S15327752JPA8001_18

Bussieres G, Jacques C, Lainay O, Beauchamp G, Leblond A, Cadoré JL, et al.
Development of a composite orthopaedic pain scale in horses. Res Vet Sci.
(2008) 85:294-306. doi: 10.1016/j.rvsc.2007.10.011

Altman D. Some common problems in medical research. In: Practical
Statistics for Medical Research. London: Chapman and Hall/CRC (1990).
doi: 10.1002/sim.4780101015

Fischer JE, Bachmann LM, Jaeschke R. A readers’ guide to the interpretation
of diagnostic test properties: clinical example of sepsis. Intensive Care Med.
(2003) 29:1043-51. doi: 10.1007/s00134-003-1761-8

Sessler CN, Gosnell MS, Grap MJ, Brophy GM, O’Neal P V, Keane KA,
et al. The richmond agitation-sedation scale: validity and reliability in adult
intensive care unit patients. Am | Respir Crit Care Med. (2002) 166:1338-
44. doi: 10.1164/rccm.2107138

Ashkenazy S, DeKeyser-Ganz F. Assessment of the reliability and validity
of the comfort scale for adult intensive care patients. Hear Lung. (2011)
40:44-51. doi: 10.1016/j.hrtlng.2009.12.011

Lopes C, Luna SPL, Rosa AC, Quarterone C, Crosignani N, Taylor PM,
et al. Antinociceptive effects of methadone combined with detomidine or
acepromazine in horses. Equine Vet J. (2016) 48:613-8. doi: 10.1111/evj.
12483

Oliveira FA, Pignaton W, Teixeira-Neto FJ, Queiroz-Neto A, Puoli-Filho JNP,
Scognamillo MVR, et al. Antinociceptive and behavioral effects of methadone
alone or in combination with detomidine in conscious horses. J Equine Vet
Sci. (2014) 34:380-6. doi: 10.1016/j.jevs.2013.07.012

Tuyttens FAM, de Graaf S, Heerkens JLT, Jacobs L, Nalon E, Ott S,
et al. Observer bias in animal behaviour research: can we believe what
we score, if we score what we believe? Anim Behav. (2014) 90:273-
80. doi: 10.1016/j.anbehav.2014.02.007

Merola I, Mills DS. Systematic review of the behavioural assessment of
pain in cats. J Feline Med Surg. (2016) 18:60-76. doi: 10.1177/1098612X155
78725

and  mechanical
(2012) 44:221-

thermal
Vet ].

Silva

between detomidine and methadone in  horses:

introduction  to

Assess.  (2003)

Frontiers in Veterinary Science | www.frontiersin.org

February 2021 | Volume 8 | Article 611729


https://doi.org/10.1016/S0737-0806(07)80136-5
https://doi.org/10.1111/vaa.12055
https://doi.org/10.1186/1746-6148-9-135
https://doi.org/10.1111/j.1467-2995.1991.tb00511.x
https://doi.org/10.1111/j.1467-2995.1991.tb00008.x
https://doi.org/10.1111/j.1365-2885.1992.tb01007.x
https://doi.org/10.2746/042516409X421624
https://doi.org/10.1136/vr.c7288
https://doi.org/10.1111/j.1467-2995.2011.00669.x
https://doi.org/10.1016/j.tvjl.2012.08.016
https://doi.org/10.1111/evj.13054
https://doi.org/10.1111/vaa.12316
https://doi.org/10.1186/1746-6148-9-143
https://doi.org/10.2460/ajvr.72.2.174
https://doi.org/10.1016/j.vaa.2016.11.008
https://doi.org/10.1186/s12917-015-0395-8
https://doi.org/10.1186/s12917-014-0200-0
https://doi.org/10.1371/journal.pone.0233552
https://doi.org/10.1016/j.tvjl.2012.06.036
https://doi.org/10.1111/vaa.12174
https://doi.org/10.4142/jvs.2011.12.3.281
https://doi.org/10.1111/j.2042-3306.2011.00412.x
https://doi.org/10.2460/javma.237.12.1459
https://doi.org/10.1111/evj.13031
https://doi.org/10.1093/med/9780199685219.001.0001
https://doi.org/10.1590/1677-5449.004216
https://doi.org/10.1097/00002508-200311000-00002
https://doi.org/10.1007/BF02289233
https://doi.org/10.1207/S15327752JPA8001_18
https://doi.org/10.1016/j.rvsc.2007.10.011
https://doi.org/10.1002/sim.4780101015
https://doi.org/10.1007/s00134-003-1761-8
https://doi.org/10.1164/rccm.2107138
https://doi.org/10.1016/j.hrtlng.2009.12.011
https://doi.org/10.1111/evj.12483
https://doi.org/10.1016/j.jevs.2013.07.012
https://doi.org/10.1016/j.anbehav.2014.02.007
https://doi.org/10.1177/1098612X15578725
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

Oliveira et al.

Sedation Scale Validation in Horses

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Waltz C, Strickland O, Lenz E. Measurement in Nursing and Health
Research. 4th ed. New York, NY: Springer Publishing Company (2010).
doi: 10.1002/nur.4770120611

McDowell 1. Measuring Health: A  Guide to
3rd ed. New York, NY: Oxford University
doi: 10.1093/ACPROF:080/9780195165678.001.0001
Martin P, Bateson P. Measuring Behaviour. 3rd ed. Cambridge: Cambridge
University Press (2007). doi: 10.1017/CB09780511810893

Roughan ] V., Flecknell PA. Training in behaviour-based post-
operative pain scoring in rats - An evaluation based on improved
recognition of analgesic requirements. Appl Anim Behav Sci. (2006)
96:327-42. doi: 10.1016/j.applanim.2005.06.012

Cook DA, Beckman TJ. Current concepts in validity and reliability for
psychometric instruments: theory and application. Am ] Med. (2006)
119:166.e7-16. doi: 10.1016/j.amjmed.2005.10.036

Langford DJ, Bailey AL, Chanda ML, Clarke SE, Drummond TE, Echols
S, et al. Coding of facial expressions of pain in the laboratory mouse. Nat
Methods. (2010) 7:447-9. doi: 10.1038/nmeth.1455

Zhang EQ, Leung VSY, Pang DSJ. Influence of rater training on inter- and
intrarater reliability when using the rat grimace scale. ] Am Assoc Lab Anim
Sci. (2019) 58:178-83. doi: 10.30802/AALAS-JAALAS-18-000044

Holton LL, Scott EM, Nolan AM, Reid J, Welsh E, Flaherty D. Comparison
of three methods used for assessment of pain in dogs. ] Am Vet Med Assoc.
(1998) 212:61-6.

Evangelista MC, Watanabe R, Leung VSY, Monteiro BP, O’Toole
E, Pang DSJ, et al. Facial expressions of pain in cats: the
development and validation of a Feline Grimace Scale. Sci Rep. (2019)
9:19128. doi: 10.1038/541598-019-55693-8

Silva NEOE, Trindade PHE, Oliveira AR, Taffarel MO, Moreira MAP,
Denadai R, et al. Validation of the Unesp-Botucatu composite scale to assess
acute postoperative abdominal pain in sheep (USAPS). PLoS ONE. (2020)
15:€0239622. doi: 10.1371/journal.pone.0239622

Akoglu H. User’s guide to correlation coefficients. Turkish ] Emerg Med. (2018)
18:91-3. doi: 10.1016/j.tjem.2018.08.001

Rating  Scales.
Press  (2006).

59.

60.

61.

62.

63.

64.

65.

66.

Knych HK, Seminoff K, McKemie DS, Kass PH. Pharmacokinetics,
pharmacodynamics, and metabolism of acepromazine following intravenous,
oral, and sublingual administration to exercised thoroughbred horses. J Vet
Pharmacol Ther. (2018) 41:522-35. doi: 10.1111/jvp.12494

Plichta SB, Kelvin EA. Munro’ Statistical Methods for Health Care Research.
6th ed. Philadelphia, PA: Wolters Kluwer Health (2011).

Gracely RH. Evaluation of multi-dimensional pain scales. Pain. (1992) 48:297-
300. doi: 10.1016/0304-3959(92)90076-N

Pett M, Lackey N, Sullivan J. An overview of factor analysis. Mak Sense Factor
Anal. (2011) 2-12. doi: 10.4135/9781412984898

Chapman KW, Lawless HT, Boor KJ. Quantitative descriptive analysis and
principal component analysis for sensory characterization of ultrapasteurized
milk. J Dairy Sci. (2001) 84:12-20. doi: 10.3168/jds.S0022-0302(01)
74446-3

DeVellis RF. Scale development theory and applications. SAGE Publ.
(2016) 4:256. doi: 10.1177/014662169101500413

England GCW, Clarke KW. Alpha2 adrenoceptor agonists in the horse
-a review. Br Vet J. (1996) 152:641-57. doi: 10.1016/S0007-1935(96)
80118-7

Rettig MJ, Leelamankong P, Rungsri P, Lischer CJ. Effect of sedation on
fore- and hindlimb lameness evaluation using body-mounted inertial sensors.
Equine Vet ]. (2016) 48:603-7. doi: 10.1111/evj.12463

Conlflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Oliveira, Gozalo-Marcilla, Ringer, Schauvliege, Fonseca, Trindade,
Puoli Filho and Luna. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or

reproduction is permitted which does not comply with these terms.

Frontiers in Veterinary Science | www.frontiersin.org

18

February 2021 | Volume 8 | Article 611729


https://doi.org/10.1002/nur.4770120611
https://doi.org/10.1093/ACPROF:OSO/9780195165678.001.0001
https://doi.org/10.1017/CBO9780511810893
https://doi.org/10.1016/j.applanim.2005.06.012
https://doi.org/10.1016/j.amjmed.2005.10.036
https://doi.org/10.1038/nmeth.1455
https://doi.org/10.30802/AALAS-JAALAS-18-000044
https://doi.org/10.1038/s41598-019-55693-8
https://doi.org/10.1371/journal.pone.0239622
https://doi.org/10.1016/j.tjem.2018.08.001
https://doi.org/10.1111/jvp.12494
https://doi.org/10.1016/0304-3959(92)90076-N
https://doi.org/10.4135/9781412984898
https://doi.org/10.3168/jds.S0022-0302(01)74446-3
https://doi.org/10.1177/014662169101500413
https://doi.org/10.1016/S0007-1935(96)80118-7
https://doi.org/10.1111/evj.12463
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

	Development, Validation, and Reliability of a Sedation Scale in Horses (EquiSed)
	Introduction
	Materials and Methods
	Ethics Statement
	Animals
	Scale Development
	Data Collection
	Phase I
	Phase II
	Video Selection and Evaluations

	Statistical Analysis
	Content Validity
	Reliability
	Concurrent Criteria Validation
	Construct Validity (Responsiveness)
	Principal Component Analysis (PCA)
	Item-Total Correlation
	Internal Consistency
	Sensitivity and Specificity
	ROC Curve and Cut-Off Point for Sedation
	Frequency Distribution of Scores


	Results
	Training
	Content Validity
	Intraobserver Reliability (Repeatability)
	Interobserver Agreement Matrix (Reproducibility)
	Concurrent Criterion Validity
	Construct Validity (Responsiveness)
	Principal Component Analysis (PCA)
	Item-Total Correlation and Internal Consistency
	Sensitivity and Specificity
	ROC Curve and Cut-Off Point for Sedation
	Frequency Distribution of Scores

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


