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This study presents the validation of two recently described pain scales, the Equine Utrecht University
Scale for Composite Pain Assessment (EQUUS-COMPASS) and the Equine Utrecht University Scale for Facial
Assessment of Pain (EQUUS-FAP), in horses with acute colic. A follow-up cohort study of 46 adult horses

1<€yW0TdS! (n =23 with acute colic; n =23 healthy control horses) was performed for validation and refinement of
CO]IF the constructed scales. Both pain scales showed statistically significant differences between horses with
lEgcuilarlle colic and healthy control horses, and between horses with colic that could be treated conservatively and
Pain scale those that required surgical treatment or were euthanased. Sensitivity and specificity were good for both

EQUUS-COMPASS (87% and 71%, respectively) and EQUUS-FAP (77% and 100%, respectively) and were
not substantially influenced by applying weighting factors to the individual parameters.

© 2016 Published by Elsevier Ltd.

Colic is one of the most important causes of morbidity and mor-
tality in horses (Freeman and Curtis, 2015). Colic-related pain is
therefore significant to equine welfare; custom-designed, specific
and validated pain assessment tools could improve quality of equine
patient care and welfare. Objective and reproducible pain assess-
ment can be performed using several instruments. In recently
published literature, composite pain scales have been described for
various types of pain (Ashley et al., 2005; Bussiéres et al., 2008; de
Grauw and van Loon, 2015). Furthermore, facial expression has been
used to assess the presence and severity of pain, both in humans
(Simon et al., 2008) and in horses (Dalla Costa et al., 2014; Gleerup
et al., 2014). In a previous study, we described the construction of
two composite pain scales: the Equine Utrecht University Scale
for Composite Pain Assessment (EQUUS-COMPASS) and the Equine
Utrecht University Scale for Facial Assessment of Pain (EQUUS-
FAP), to assess pain in horses with acute colic using physiological,
behavioural and interactive parameters (EQUUS-COMPASS) and pa-
rameters related to facial expression (EQUUS-FAP; van Loon and
VanDierendonck, 2015). The aim of the current study was to assess
the validity of these scales and to determine their specificity and
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sensitivity by applying them to a new cohort of colic patients and
new cohort of healthy control horses and scored by new observers.

The study design was approved by the Institutional Ethics Com-
mittee on the Care and Use of Experimental Animals in compliance
with Dutch legislation on animal experimentation. Because the pro-
cedures used in this study consisted only of behavioural observations
and physiologic assessments (measurement of heart rate, respira-
tory rate and rectal temperature, and auscultation for borborygmi)
that are routinely performed in clinical settings and are deemed not
likely to cause pain, suffering or distress or lasting harm equiva-
lent to, or higher than, that caused by the introduction of a needle
(Article 1.5f EU directive 2010/63/EU), ethical approval was granted
without a formal application and hence no official approval number
was given. Written consent was obtained from all horse owners for
all horses participating in this study.

Twenty-three horses that had been admitted to the equine re-
ferral centre with acute colic between May and September 2015 were
enrolled (Table 1). Twenty-three control horses (healthy mares that
were used as recipients for embryo transfer and horses that were
admitted for routine shoeing; all free from lameness and/or dental
problems) admitted in the same period were also enrolled (Table 1).
All enrolled horses with colic had been referred by an equine prac-
titioner and had been treated before transport with non-steroidal
anti-inflammatory drugs. Horses that had been treated with
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Table 1
Data from horses included in the study (n=46)
Colic Control

Number of horses 23 23
Conservative treatment (CT) 17 -
Surgical treatment/euthanasia (STE) 6 -
Warmblood/Thoroughbred 13 19
Other breeds 10 4
Mean (£SD) weight (kg) 482.1(153.1) 503.3(93.3)
Mean (£SD) age (years) 10.1(5.6) 8.8(3.9)

3 Weight and age were not statistically different between horses with colic and
control horses (P=0.72 and 0.33, respectively).

analgesics that possibly could interfere with their mental state
(alpha2-agonists and opioids) were excluded from the study.

Both EQUUS-COMPASS and EQUUS-FAP have been described
and internally validated in a previous study (van Loon and
VanDierendonck, 2015). Details of score sheets are provided in
Supplementary Tables S1 and S2. For the current validation study,
scoring was performed and presented in exactly the same manner.

All pain scoring data are expressed as medians and quartiles and
were considered non-normally distributed. Differences between age
and weight were statistically tested using independent t-tests. Dif-
ferences in pain scores between control horses and horses with colic
and between conservatively treated horses (CT) and surgically treated
or euthanased horses (STE) were analysed using Mann Whitney U
tests. Cut-off values for EQUUS-COMPASS and EQUUS-FAP to obtain
maximal differentiation between horses with colic and healthy horses
and between CT and STE treatments and weighting factors for various
individual parameters were applied as described earlier (van Loon
and VanDierendonck, 2015). Sensitivity, specificity, and positive and
negative predictive values were determined using these cut-off values
and weighting factors. Removing physiological parameters from the
EQUUS-COMPASS would make this scale suitable for horse owners;
applying weighting factors could hypothetically improve sensitiv-
ity and specificity. Effects over time for both EQUUS-COMPASS and
EQUUS-FAP scores in conservatively treated horses with colic were
assessed by Friedman tests. Statistical analysis was performed using
commercially available software (SPSS version 20.0, IBM). Statisti-
cal significance was accepted at P < 0.05.

Control horses and those with colic had significantly different
EQUUS-COMPASS and EQUUS-FAP scores (P<0.01), as did horses
in the CT group and those in the STE group (EQUUS-COMPASS,
P<0.01; EQUUS-FAP, P < 0.05; Fig. 1). Fig. 2 shows EQUUS-COMPASS
and EQUUS-FAP scores over time for horses in the CT group (n=17).
Both pain scores decreased significantly over time (P < 0.01).
Tables 2-4 show sensitivity, specificity, positive and negative pre-
dictive values for EQUUS-COMPASS and EQUUS-FAP, both before and
after applying weighting factors and eliminating of physiological
parameters. Contrary to our hypothesis, the application of weight-
ing factors did not improve sensitivity and specificity. However, a
version of the EQUUS-COMPASS score that did not include physi-
ological parameters but did apply weighting factors to the remaining
parameters produced similar results to the extended version with
or without weighting factors.

Our study validated and refined the EQUUS-COMPASS and
EQUUS-FAP, a composite pain scale and a facial expression pain scale,
respectively, which were constructed for valid and reliable assess-
ment of the severity in horses with acute colic. The results from our
previous scale construction study were confirmed in a dataset of
new horses in the current study. In a study by Taffarel et al. (2015),
refinement of a composite pain scale to assess postoperative pain
in horses was performed by selecting on highest relevance, speci-
ficity and total item-correlation. In this validation study, we refined
both pain scales by eliminating physiological parameters from the
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Fig. 1. Median EQUUS-COMPASS and EQUUS-FAP scores for colic (n =23) vs. control
(n=23) horses (A + C) and surgically treated/euthanased (STE; n=6) vs. conserva-
tively treated (CT; n=17) horses with colic (B + D). Lines in boxes represents median
scores; boxes represent 25-75th percentiles. In panels A, B and C, significant dif-
ferences were found between control horses and horses with colic (A and C) and
between surgically treated and conservatively treated horses (P<0.001). In panel
D, there was a statistically significant difference between surgically treated and con-
servatively treated horses (P <0.05).
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Fig. 2. Median EQUUS-COMPASS (A) and EQUUS-FAP (B) values at admission to clinic
(TO), on the first morning after admission (T12-24) and on the second morning after
admission (T36-48; n=17). Lines in boxes represents median scores; boxes repre-
sent 25-75th percentiles. Friedman test results demonstrated a statistically significant
decrease over time for both EQUUS-COMPASS and for EQUUS-FAP scores (P <0.01).

scale and applying weighting factors. The need for the inclusion of
physiological parameters has been questioned (Sutton et al., 2013).
In our study, the exclusion of physiological parameters and the ap-
plication of weighting factors to the remaining parameters led to
comparable results for sensitivity and specificity, suggesting that
horse owners could use the shortened version of the COMPASS score,

Table 2
Sensitivity, specificity, positive and negative predictive value of EQUUS-COMPASS
and EQUUS-FAP (unweighted values).

Sensitivity ~ Specificity Positive Negative
predictive  predictive

value value

Colic (n=23) vs. control

(n=23)

EQUUS-COMPASS 87% 71% 77% 83%

EQUUS-FAP 77% 100% 100% 81%

CT (n=17)vs.STE (n=6)

EQUUS-COMPASS 100% 76% 56% 93%

EQUUS-FAP 67% 94% 67% 94%

EQUUS-COMPASS, Equine University Utrecht Scale for Composite Pain Assess-
ment; EQUUS-FAP, Equine University Utrecht Scale for Facial Assessment of Pain;
CT, conservatively treated horses; STE, surgically treated or euthanased horses.
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Table 3
Sensitivity and specificity of weighted EQUUS-COMPASS and EQUUS-FAP.
Sensitivity Specificity

Colic (n=23) vs. control (n=23)
EQUUS-COMPASS 87% 71%
EQUUS-FAP 59% 95%
CT (n=17) vs.STE (n=6)
EQUUS-COMPASS 100% 76%
EQUUS-FAP 67% 94%

EQUUS-COMPASS, Equine University Utrecht Scale for Composite Pain Assess-
ment; EQUUS-FAP, Equine University Utrecht Scale for Facial Assessment of Pain;
CT, conservatively treated horses; STE, surgically treated or euthanased horses.

without the need to interpret physiological parameters such as heart
and respiratory rates.

The results of the previous scale construction study and the
current validation study demonstrate that both EQUUS-COMPASS
and EQUUS-FAP scores can be used for reliable and reproducible pain
assessment in horses with acute colic. The EQUUS-FAP and the
weighted EQUUS-COMPASS without physiological variables is suit-
able for use by both veterinarians and horse owners.
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