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Simple Summary: Pain management following surgical intervention is key. In horses, several anti-
inflammatories (flunixin meglumine, meloxicam and ketoprofen) are available for the management
of pain following castration. However, their analgesic efficacy remains unclear for mild visceral
pain. The aim of this study was to compare the analgesic efficacy of the above-mentioned anti-
inflammatory drugs, following a simple surgery (inguinal castration). Horses were administered a
randomly assigned anti-inflammatory drug before and after surgery. A pain score was recorded using
a previously described pain assessment scale (PASPAS) before administration, and after the first and
second administrations by a senior clinician and a veterinary student. Thirty horses were evaluated,
and there was no significant effect of the drug administered on the pain score. Horse welfare was
not compromised regardless of drug assigned. Horses showed mild pain post-operatively, which
decreased significantly within 24 h. Pain scores were significantly different when assessed by a
veterinary student and a senior clinician. The authors found that the anti-inflammatory drug studied
provided a similar level of analgesia for the management of mild visceral pain in horses, but that the
pain scale used is not suitable for junior evaluators or, by extension, owners.

Abstract: The analgesic efficacy of meloxicam and ketoprofen against equine visceral pain is unclear.
The aim of this study was to compare the analgesic efficacy of meloxicam (M) and ketoprofen (K)
to flunixin meglumine (F) following inguinal castration. Horses undergoing inguinal castration
under general anesthesia were randomly assigned F (1.1 mg/kg), M (0.6 mg/kg) or K (2.2 mg/kg)
intravenously two hours pre-operatively and 24 h later. A pain score (out of 31) was recorded blindly
by a senior clinician and veterinary student before NSAIDs administration (T0), and after the first (T1)
and second (T2) administrations, using a modified post-abdominal surgery pain assessment scale
(PASPAS). Pain was classified as mild (score ≤ 7), moderate (score = 8–14) or severe (score > 14).
Thirty horses (12 F, 10 M, 8 K) aged 6.2 ± 4.9 years, mostly warmbloods, were included. Horse welfare
was not compromised regardless of the drug assigned. There was no statistically significant effect
of NSAIDs on pain score. Mean pain scores were significantly higher at T1 than T0 for each NSAID
(F: 5.08 ± 2.50 vs. 1.58 ± 1.38 (p < 0.001); M: 4.60 ± 2.32 vs. 1.10 ± 1.20 (p < 0.001); K: 5.25 ± 1.39 vs.
1.50 ± 1.51 (p < 0.0001)) and lower at T2 than T1 for F (2.92 ± 2.423 vs. 5.08 ± 2.50 (p < 0.001)) and M
(2.90 ± 1.37 vs. 4.60 ± 2.32 (p < 0.0325)). At T1, senior pain scores were significantly different than for
junior (5.56 ± 0.54 vs. 3.22 ± 0.62, p = 0.005). This study indicates that meloxicam and ketoprofen
provide a similar level of analgesia to flunixin meglumine for the management of mild visceral pain
in horses. PASPAS is not reliable for junior evaluators.
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1. Introduction

Non-steroidal anti-inflammatory drugs (NSAIDs) are routinely used in horses for
their anti-inflammatory and analgesic effects, with flunixin meglumine being reported as
the drug of choice for the management of visceral pain in horses [1]. In addition, recent
guidelines regarding pain management in horses state that horses should receive NSAIDs
prior to surgery, and that analgesia should be continued for 3 days following castration [2].
However, non-cyclooxygenase (COX)-specific NSAIDs like flunixin meglumine are known
to have significant adverse effects, such as, but not limited to, gastrointestinal ulceration and
impaired renal function. Other NSAIDs, reported to be more selective, such as meloxicam or
ketoprofen, appear to cause less side effects [3–5]. Even though meloxicam and ketoprofen
are recommended for analgesia in cases of colic based on marketing authorizations, their
analgesic efficacy remains unclear for mild visceral pain.

Assessment of pain in horses is challenging, and there is no gold standard model
described for pain assessment in horses. Numerous composite pain scales have been
developed and compared, depending on the type of pain evaluated (musculoskeletal,
visceral, etc.). Castration is a commonly performed surgical procedure in horses, and it
has been associated with some degree of pain that can persist for several days. Inguinal
castration has been used as a model of pain in previous studies and was considered a
suitable model in this study [6,7]. Animal welfare is central in post-operative care. However,
there is currently no gold standard for the assessment of pain in horses, thus, there is a need
for evidence-informed approaches in order to optimize equine welfare [8]. Furthermore,
the reliability of a pain score when assessed by a veterinary student has been evaluated in
dogs and in laminitic horses, with significant differences found when compared to scores
obtained from experienced anesthesiologists or experienced veterinarians [9,10]. However,
such comparisons have not been done for the assessment of visceral pain.

The aims of this study were to: (1) assess the inter-observer reliability of a composite
pain score (CPS) between an experienced veterinarian and a fourth-year veterinary student,
and (2) compare the analgesic effects of flunixin, meloxicam and ketoprofen on visceral
pain following inguinal castration, with the use of the same CPS.

2. Materials and Methods
2.1. Study Sample

Client-owned horses admitted to the Equine Veterinary Teaching Hospital of Oniris
(CISCO) for inguinal castration from February 2019 to June 2021 were included. Owners
were required to sign an informed consent form at admission as part of the pre-operative
paperwork. Ethical review and approval were waived as per national ethical requirements,
and horse welfare was not compromised regardless of drug administered. Horses were
considered healthy based on a pre-operative examination, which included a physical
examination, rebreathing pulmonary auscultation, electrocardiogram (ECG) at rest and
routine hemato-biochemistry. Cases of abdominal cryptorchidism, coelioscopic castration or
scrotal castration were excluded, whereas cases of inguinal cryptorchidism were included.
Horses were included in the study upon surgeon and anesthetist’s acceptance.

Horses were housed in individual stalls with shavings and free access to water. Free
access to hay was given until 8 h prior to surgery. All horses were tranquilized with
acepromazine (0.02 mg/kg bwt IV, Calmivet®, Vetoquinol, Lure, France) at the time of
jugular catheter placement, one hour before sedation with romifidine (0.08 mg/kg bwt
IV, Sedivet®, Boehringer Ingelheim Animal Health, Lyon, France). Anaesthesia was in-
duced with diazepam (0.05 mg/kg bwt IV, Valium®, Atnahs Pharma Netherlands B.V.,
Kobenhavn, Denmark) and ketamine (2.2 mg/kg bwt IV, Imalgene® 1000, Boehringer In-
gelheim Animal Health, Lyon, France), then placed in dorsal recumbency and maintained
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by inhalational anesthesia with isoflurane (Vetflurane®, Virbac, Carros, France). All horses
received a bolus of morphine (0.1 mg/kg bwt IV, Morphine®, Cooperation Pharmaceutique
Française, Melun, France) at the beginning of surgery and local anesthesia was carried out
by intratesticular injection of 10 mL of lidocaine 2% per testicle (Lurocaine®, Vetoquinol,
Lure, France), as recommended [2,11]. Inguinal castration was conducted by one of the
four specialists and/or one of the two residents of the European College of Veterinary
Surgery (ECVS). Prophylactic antibiotherapy (procain benzylpenicillin, 22,000 UI/kg bwt
IM q12h, Depocilline®, Intervet, Beaucouzé, France) was initiated pre-operatively and
maintained for 48 h. All horses received anti-edematous medication, first intravenously
following surgery (dexamethasone 0.01 mg/kg bwt, hydrochlorothiazide 1.0 mg/kg bwt
IV, Diurizone®, Vetoquinol, Lure, France), then orally (dexamethasone 0.01 mg/kg bwt,
trichlormethiazide 0.5 mg/kg bwt PO, Oedex®, Dopharma, Vair sur Loire, France) the next
day in order to prevent post-operative edema formation [12].

Horses were randomly allocated an NSAID by the anesthesiologist via a randomized
matrix and blinded drawing: flunixin meglumine (1.1 mg/kg bwt IV, Antalzen®, Labora-
torios Calier, Barcelona, Spain), meloxicam (0.6 mg/kg bwt IV, Rheumocam®, Audevard,
Clichy, France) or ketoprofen (2.2 mg/kg bwt IV, Ketofen®, Ceva Sante Animale, Libourne,
France). NSAID administration was given pre-operatively within one hour of induction,
and 24 h later.

2.2. Pain Score

In order to assess post-operative pain, horses were evaluated using a post-abdominal
surgery pain assessment scale (PASPAS) from Graubner et al., adapted to be used as a
castration model [13]. The parameters assessed included subjective evaluation of pain,
heart rate, respiratory rate, postural and interactive behavior, appetite, signs of colic and
response to thoracolumbar palpation. An estimation of inflammation was characterized by
the degree of incisional edema instead of palpation of the surgical site, in order to prevent
contamination (Table 1). A score out of 31 was obtained, and pain was graded as mild
(score 0–7), moderate (score 8–14) or severe (score > 14).

2.3. Study 1—Variability of Pain Scores Based on Evaluator’s Experience

In order to assess the accuracy of the pain score when performed by a veterinary
student, horses were simultaneously evaluated by a fourth-year veterinary student (AD)
hereafter named Junior (Jr), in addition to the experienced internist (AL) hereafter named
Senior (Sr). Both evaluators were unaware of the treatment allocation, assessed horses
separately within 30 min to 3 h of each other, and did not share the obtained pain scores
with each other.

2.4. Study 2—Analgesic Effect of NSAIDs According to the Pain Score

In order to assess the analgesic effect of each NSAID, pain scores were recorded at 3
time points: the day before surgery and drug administration (T0), on the day of surgery
after complete recovery from anesthesia (T1, 9–12.5 h after drug administration) and on
the next day (T2, 1–9.5 h after drug administration) (Figure 1). Horses were evaluated
by a specialist (AL) or a second-year resident (LL) of the European College of Equine
Internal Medicine (ECEIM). Evaluators were blinded to the treatment administered, and
the same evaluator assessed the same horse once at each time point. Behavioral parameters
and respiartory rate were first observed from outside the stall to reduce the impact of the
evaluator’s presence. Heart rate was then assessed by auscultation, incisional oedema was
assessed visually, and superficial palpation of the thoracolumbar area was performed last
to assess local pain.
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Table 1. Composite pain score adapted from Graubner et al. [4]. Total score (out of 31): score ≤ 7:
mid pain; score = 8–14: moderate pain; score > 14: severe pain.

Date /

Time of last treatment :

Time of evaluation :

Category Manifestation(s) Score

General subjective assessment

No sign of pain 0

1

2

3

Sign of severe pain 4

Heart rate (beats/min)

<40 0

40–49 1

50–59 2

>60 3

Respiratory rate (breaths/min)

<20 0

20–30 2

>30 4

Postural behavior

No reaction to vocal and environmental stimuli 1

Standing still 1

Arched back, tucked-up belly 1

Interactive behavior

Interested 0

Looks at observer 1

Moves away 2

Does not move 3

Response to food

Strong appetite 0

Appetite but wearing a muzzle 1

Little appetite 2

No appetite at all 4

Colic behavior

No colic signs shown 0

Paws intermittently 1

Paws and lies down 2

Looks at the flank, paws frequently 3

Rolls, kicks against the abdomen 5

Keeps throwing himself down 6

Stimulation of muscle Th17-L1
No reaction 0

Hardened muscles, reaction shown 1

Aspect of wound
No oedema 0

Minimal oedema, hardly visible 1

Moderate oedema (<size of tangerine) 2

Marked oedema (>size of tangerine) 3

TOTAL
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Figure 1. Study protocol. NSAID was administered 1 h before surgery and 24 h later. Pain scores
were assessed before NSAID administration (T0), after recovery from anesthesia (T1) and after the
second NSAID administration (T2).

2.5. Statistical Analysis

Statistical analyses were performed using R (Version 4.0.5, packages: readl_nime,
multcomp, ggplot2, plyr—©2009–2016) with significance set at p ≤ 0.05. Horses were
randomly assigned to a NSAID group and a Kruskal Wallis test was used to assess age
homogeneity between groups. Pain scores obtained at T0 were substracted from scores
obtained at T1 and T2 to minimize the impact of individual variations. Negative results
were corrected to 0 and corrected pain scores were used for statistical analysis. To take into
account the repeated measurement design, linear mixed-effect models with random effects
on horse factor were used to evaluate: (i) the effect of NSAIDs and time on pain score, (ii)
the effect of time span from drug administration to pain score assessment, and (iii) the
reliability of the pain score between a senior and a junior evaluator. The independence
and normal distribution of residuals and random effects was checked for each model (data
not shown). Multiple comparisons of means were also performed with post-hoc Tukey
tests. The effect of the presence of inguinal cryptorchidism on NSAIDs distribution was
assessed using Fisher’s exact test, and the effect on pain scores was assessed using mixed
models and Tukey tests. In the descriptive approach, data were expressed as the mean
and standard error. Results of mixed models were expressed as the estimate and standard
deviation.

3. Results
3.1. Study Sample

Forty-three horses were initially included in the study. Seven horses were excluded
because of a change of NSAID to phenylbutazone (2.2 mg/kg bwt PO, Equipalazone®,
Dechra Regulatory, Ae Bladel, The Netherlands) on day 2. In those cases, the jugular
catheter was removed directly following recovery from anesthesia for various reasons at
the surgeon’s or anesthetist’s discretion (accidental removal during recovery, inflamed
jugular vein, patient at risk of complications), and oral medication was then preferred.

All horses recovered uneventfully from general anesthesia, and only mild post-
operative complications were observed, including isolated colic episodes (n = 1), colitis
(n = 1), hyperthermia (n = 1) and surgical site hematoma (n = 2).

3.2. Study 1—Variability of Pain Scores Based on Evaluator’s Experience

Ten horses were evaluated by both an experienced veterinarian (AL) and a fourth-
year veterinary student (AD). The mean age was 6.6 years (range 1.0–20 years) and the
represented breeds included mixed-breed leisure horses (5/10), French Warmbloods (2/10),
Lusitanians (2/10) and one Thoroughbred. Horses were included independently of the
administered NSAID, and assessment at all time points was not required, as long as a pain
score was performed by both Jr and Sr at the same time point. Three pain scores were
excluded because no paired score was performed (i.e., score performed by Jr but not Sr,
or vice versa). Twenty-four pain scores were obtained (12 Jr and 12 Sr) for comparison
(Supplementary Table S1). At T1, senior pain scores were significantly different from junior
pain scores (5.56 ± 0.54 vs. 3.22 ± 0.62, p = 0.005), with the senior evaluator obtaining
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greater scores than the junior (Figure 2). There was no significant difference between groups
at T0 and T2.
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Of the 36 horses that were selected in Study 2, further exclusions were necessary due
to incomplete pain evaluations, most likely due to lack of availability from the evaluator at
T2 (n = 4, including 3 ketoprofen and 1 meloxicam), early post-operative colic episode (n = 1
ketoprofen) or an isolated episode of hyperthermia (n = 1 ketoprofen) requiring additional
analgesic administration.

Complete data on thirty horses were finally used for statistical analysis (Figure 3).
The mean age was 6.2 years (range 1.5–20 years), and represented breeds included French
Warmbloods (12/30), mixed-breed leisure horses (7/30), Lusitanians (3/30), Spanish Pure-
bred (2/30), one Arabian, one Irish Cob, one pony, one French Trotter, one Thoroughbred
and one French chaser.
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Ten horses were diagnosed with unilateral inguinal cryptorchidism which did not
lead to a modification in surgical approach. There was no time–cryptorchidism interaction,
and no effect of cryptorchidism on pain scores or NSAID assigned, allowing these horses
to be included in further statistical analysis.

A total of 12 horses received flunixin meglumine, 10 meloxicam and 8 ketoprofen.
There was no significant age difference between the three groups.

A wide range of delays was observed between the time of NSAID administration and
pain score assessment, with a T1 ranging from 9 to 12.5 h (mean 10.5 h) and a T2 ranging
from 1 to 9.5 h (mean 3.1 h). However, no statistically significant effect of delay on pain
score was found at any time.

The evolution of pain scores with time was assessed for each NSAID, and mean pain
scores are available in Table 2 (individual data available in Supplementary Table S2). With
flunixin, the mean pain score at T1 was significantly different than at T0 (p < 0.001) and
T2 (p < 0.001), with pain scores 3.5 times greater than at T0 and 2.2 times greater than at
T2 (Table 3). The mean pain score at T2 was only mildly significantly different than at T0
(p = 0.0467). With meloxicam, the mean pain score at T1 was significantly different than
at T0 (p < 0.001) and T2 (p < 0.0325), with pain scores 3.5 times greater than at T0 and
1.7 times greater than at T2. The mean pain score at T2 was significantly different than at T0
(p = 0.0217). With ketoprofen, the mean pain score at T1 and T2 were significantly different
than at T0 (p < 0.0001 and p < 0.000514, respectively), with pain scores 3.75 times greater at
T1 than at T0 and 2.75 times greater at T2 than at T0. There was no significant difference in
pain scores between T1 and T2 with ketoprofen.

Table 2. Mean ± standard deviation of pain scores, depending on time and NSAIDs. Pain scores
were assessed before NSAID administration (T0), after recovery from anesthesia (T1) and after the
second NSAID administration (T2).

T0 T1 T2

Mean ± SD (Min; Max) Mean ± SD (Min; Max) Mean ± SD (Min; Max)

Flunixin 1.58 ± 1.38 (0; 4) 5.08 ± 2.50 (0; 7) 2.92 ± 2.423 (0; 6)

Meloxicam 1.10 ± 1.20 (0; 3) 4.60 ± 2.32 (0; 8) 2.90 ± 1.37 (0; 3)

Ketoprofen 1.50 ± 1.51 (0; 4) 5.25 ± 1.39 (3; 6) 4.25 ± 2.76 (0; 7)

When taking into account the simultaneous effect of time and NSAID on pain scores,
there was no time–NSAID interaction. When comparing the mean pain scores of each
NSAID without taking time into account, there was no significant effect of NSAIDs on
pain scores, even though a less marked decrease in pain score was observed at T2 with
ketoprofen than with flunixin and meloxicam. When comparing mean pain scores with
time without taking NSAIDs into account, there was a significant time effect, with pain
scores at T1 being significantly greater than at T0 and T2 (p < 0.0001 and p < 0.000126,
respectively) (Figure 4).
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Table 3. The effect of time, NSAIDs and both on mean pain scores. Pain scores were assessed
before NSAID administration (T0), after recovery from anesthesia (T1) and after the second NSAID
administration (T2). The statistical results of multiple comparisons of means using post-hoc Tukey
tests are given.

Mean’s Difference Estimate Std.Error p Value

Effect of time and NSAID on pain score

Flunixin

T1–T0 3.5000 0.5626 <0.001 *

T2–T0 1.3333 0.5626 0.0468 *

T2–T1 −2.1667 0.5626 <0.001 *

Meloxicam

T1–T0 3.5000 0.6782 <0.001 *

T2–T0 1.8000 0.6782 0.0217 *

T2–T1 −1.7000 0.6782 0.0325 *

Ketoprofen

T1–T0 3.7500 0.7278 <1 × 10−4 *

T2–T0 2.7500 0.7278 0.000514 *

T2–T1 −1.0000 0.7278 0.354615

Effect of time on pain score

T1–T0 3.5667 0.3689 <0.0001 *

T2–T0 1.8667 0.3689 <0.0001 *

T2–T1 −1.7000 0.3689 <0.000126 *

Effect of NSAIDs on pain score

K–F 0.4722 0.7228 0.790

M–F −0.3278 0.6780 0.879

M–K −0.8000 0.7511 0.535
* Significance set at p ≤ 0.05.
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4. Discussion

Non-steroidal anti-inflammatory drugs are one of the most commonly used drugs in
horses for the management of inflammation and pain of myo-arthro-skeletal or visceral
origins, with flunixin meglumine traditionally being the most used NSAID for visceral
pain [1,14,15]. However, this traditional, non-selective anti-inflammatory drug inhibits both
COX-1 and COX-2 isoforms and has been associated with numerous side effects, including
gastrointestinal ulceration and delayed mucosal healing, and renal toxicity [3–5,15–17].
While COX-1 is expressed constitutively and mediates the homeostasis of gut barrier func-
tion, COX-2 is induced in pro-inflammatory states, and the use of COX-2-specific NSAIDs
is warranted in order to reduce the risk of complications [18]. Meloxicam is a preferential
COX-2 NSAID, with a COX-1:COX-2-selective half maximal inhibitory concentration (IC50)
ratio of 3.8 (vs a ratio of 1 for flunixin), allowing sufficient activity of COX-1 required to
repair the enteric mucosa, while preventing pain and inflammation due to COX-2 activ-
ity [17,19–22]. Ketoprofen is a nonselective NSAID, and PK/PD studies of ketoprofen in
horses are scarce and conflicting. A study found lower ulcerogenic and renal effects of
ketoprofen than that of phenylbutazone and flunixin, making ketoprofen an interesting
alternative to flunixin for the management of visceral pain [3]. Other studies have found
an IC50 ratio ranging from 0.48 to 2 depending on the methods and enantiomers evaluated,
which could indicate a greater potency of ketoprofen for the inhibition of COX-1, and thus
potential toxicity [23–25].

It is common belief that traditional non-specific NSAIDs are superior to COX-2-
selective NSAIDs for pain management [1]. However, results from previous studies remain
conflicting. A panel of specialists reported with moderate certainty that flunixin and
firocoxib provided more effective analgesia than meloxicam or phenylbutazone in the
case of colic [2]. Flunixin was found to provide superior analgesia than meloxicam in
the post-operative period after strangulating small intestinal lesions, despite increased
dosing frequencies of meloxicam [2,26]. Another study reported no difference in pain
scores between meloxicam and flunixin in an experimental model of colic [21]. Some
studies reported a lower analgesic effect of meloxicam than flunixin, however, clinicians
were not blinded to treatment at the time of pain assessment [26]. In the current study,
there was no difference in analgesic efficacy observed between flunixin, meloxicam and
ketoprofen following inguinal castration, with pain scores returning close to normal at the
same rate (within 24 h post-operatively) with flunixin and meloxicam. These findings are
in agreement with a recent study evaluating the analgesic effect of these drugs following
scrotal castration and supports the fact that meloxicam significantly reduces post-surgical
pain and inflammation in horses following castration [27]. Equivalent levels of COX-2
inhibition were found between COX-2-selective (meloxicam or firocoxib) and nonselective
(flunixin, phenylbutazone) anti-inflammatories, supporting a similar analgesic efficacy for
meloxicam, firocoxib, phenylbutazone and flunixin [28].

Studies evaluating the analgesic effects of ketoprofen on visceral pain are scarce.
While ketoprofen was found to not provide equipotent analgesia to phenylbutazone for
the treatment of severe musculoskeletal pain, a single field study showed some analgesic
effects of ketoprofen in horses with colic, but no comparison to other molecules was made,
precluding from drawing conclusions [22,23,29]. In the current study, while no statisti-
cally significant difference was found between flunixin, meloxicam and ketoprofen, the
latter showed a lower decrease in pain score 24 h post-operatively, which might suggest a
slower or less efficacious analgesic effect of ketoprofen. One horse treated with ketopro-
fen presented with colic signs following surgery, which resolved after administration of
flunixin meglumine. The horse was then pulled out of the study. Whether resolution of
colic signs would have been observed with an additional administration of ketoprofen
is unknown. Therapeutic decisions were made at the clinician’s discretion and based on
personal experience.

NSAIDs act as analgesics by inhibiting COX and preventing the production of
prostaglandins, in addition to a recently described central mechanism of action at the
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level of the spinal cord, unrelated to COX inhibition [22]. The analgesic effects of NSAIDs
have a more rapid onset and shorter duration of action than the anti-inflammatory ac-
tion. While the onset of the anti-inflammatory action of flunixin is within 2 h, with a
peak response between 12 and 16 h and a duration of action of 36 h, ketoprofen reaches
a peak response 4 h after administration and lasts for 24 h [22]. Other studies have de-
scribed a more rapid and longer effect of flunixin than ketoprofen, while PK/PD of flunixin,
meloxicam and phenylbutazone were similar [22,28,30–32]. In addition, ketoprofen was
suggested to have altered plasma pharmacokinetics in the face of inflammation in periph-
eral compartments [33–35]. NSAIDs are known to be more effective as analgesics when
inflammation is a part of the pain process and when they are given before the onset of the
inflammatory process. Furthermore, the time to onset and the duration of analgesia of
NSAIDs do not correlate well with their anti-inflammatory properties [22]. However, most
studies evaluated the anti-inflammatory effects rather than the analgesic effects of these
drugs. In the current study, the peak analgesic response of each NSAID was not evaluated,
but no significant difference in analgesic efficacy was found between the molecules. On
the other hand, while not significant, ketoprofen led to a lower decrease of pain score
24 h post-operatively, suggesting different pharmacokinetics from flunixin meglumine and
meloxicam. Further studies focussing on the analgesic dynamics of NSAIDs are warranted.

Firocoxib is a highly COX-2-specific NSAID, with a COX-1:COX-2 selective IC50 ratio
of 200, and has been proven to have analgesic efficacy similar to flunixin without retarding
mucosal recovery [2,3,36]. However, firocoxib was not included in the current study as no
intravenous formulation was available at the time. In order to prove the non-inferiority of
meloxicam and ketoprofen to phenylbutazone for the management of visceral pain, the
latter could have been included in the study. However, numerous studies have shown
significant side effects (gastrointestinal ulceration, renal toxicity, right dorsal colitis) with
the use of phenylbutazone and a lower efficacy than flunixin against visceral pain [2]. In
addition, no intravenous formulation of phenylbutazone registered for horses was available
at the time.

Recent studies have found that COX-2 are also physiologically expressed in the central
nervous system, kidneys, ovaries, placenta and bones. In addition, both COX-1 and COX-2
participate in the integrity of gastrointestinal mucosa and renal function [14,37–39]. Thus,
while COX-2-selective NSAIDs were proven to cause less side effects to the gastrointestinal
mucosa, one should not forget that COX-2 inhibition may lead to renal toxicity, especially
in volume-depleted horses, and that the administration of COX-2-specific NSAIDs is not
without a harmful effect [4]. In addition, in the current study, one horse receiving meloxicam
developed colitis post-operatively. While a direct harmful effect of meloxicam following a
single administration is unlikely, a causative effect could not be ruled out.

The PASPAS pain score was selected and has been previously used for the assessment
of post-castration pain [6,13]. This pain assessment scale was developed for horses fol-
lowing colic laparotomy and was not influenced by anesthesia, and was thus considered
adequate for the evaluation of visceral pain following inguinal castration. The PASPAS
scale was reported to be reliable with low inter-observer variability. However, all observers
were experienced veterinarians, and reliability of the score when assessed by veterinary
students was unknown. In the current study, poor agreement was found between an
experienced internal medicine clinician and a fourth-year veterinary student. Pain scores
were significantly greater when established by the senior evaluator at the time of highest
pain (T1). In one case, the horse was miscategorized as mildly painful by the student, while
considered moderately painful by the senior. This horse was actually showing colic signs
which the student most likely missed. While some subcategories of PASPAS showed good
correlation with the total pain score index (general subjective assessment, postural behavior,
response to food), some parameters were found to have no correlation with the total pain
score index, including a reaction to palpation of the incisional area and colic behavior [13]. It
is most likely that experience is required in order to obtain accurate subjective assessments
of pain, which a veterinary student may lack. In the current study, scores were assessed by
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a fourth-year student out of a five-year course. The fourth year is the first year of clinical
training, so the student was in the process of training to assess pain. Moreover, this partic-
ular student had experience with horses so should be familiar with abnormal behaviors.
However, our findings are in agreement with previous publications showing a significant
difference in pain scores between veterinary students and experienced anesthesiologists or
veterinarians [9,10,40]. Another composite pain scale suggested no need for training before
its use [40,41], however, while veterinary students were involved in pain assessment, no
comparison between veterinary students and experienced veterinarians was performed.
According to our findings, and previous publications, training seems necessary in order
to accurately assess pain in horses, and the pain score used in the present study is not
recommended for the assessment of pain by untrained veterinary students or owners.

In the current study, incisional edema was evaluated as a sign of inflammation and re-
placed palpation of the incisional area. In their study, Gobbi et al. found greater local edema
with firocoxib and meloxicam than flunixin, in agreement with other studies supporting the
low anti-edema activity of meloxicam [26,42]. The effect of each NSAID on subcategories of
the pain score was not assessed in the current study, and despite the fact that there were no
significant differences in pain scores between NSAIDs, the correlation between the degree
of incisional edema and the total pain index warrants further investigation.

These findings are in agreement with a panel of experts highlighting the sparsity of
publications about pain scores and the lack of gold standards for the quantification of
pain in horses [2,40]. The reliability of pain scores is highly variable depending on studies,
and physiological parameters have been found to be weakly associated with pain, while
behavioral changes are often easier to evaluate and considered more pain-specific [43].
Furthermore, this makes it difficult to interpret publications using a wide variety of pain
assessment scales for the evaluation of the analgesic effects of NSAIDs. A standardized,
easy-to-use, composite pain score with good inter-observer reliability is required in order
to accurately evaluate the efficacy of analgesic agents in horses.

Limitations

Possible side effects of each NSAID were not evaluated. Repeat bloodwork, including
assessment of renal function, gastroscopy and abdominal ultrasounds could have been
performed, but were considered unpractical and not financially sustainable considering the
electiveness of the surgical intervention and the financial implication for horses’ owners.
Horses exhibiting severe pain post-operatively were excluded from the study, which
may have biased the statistical analysis. However, these horses required additional pain
management which would have affected future pain scores, and withholding analgesic
medication until the next scheduled dose would have been unethical.

All horses received local anesthesia with lidocaine pre-operatively. Studies have
shown significant decreases in pain scores following the local administration of lidocaine or
mepivicaine before castration [2,7]. Lower levels of post-operative pain may have partially
masked the different analgesic efficacies between NSAIDs. In their study, Graubner et al.
found no influence of anesthesia on PASPAS when assessed 8 h after recovery [13]. However,
another study suggests that while some pain-related behaviors were not influenced by
anesthesia, analgesia, or time of day, the latter was a confounding factor for other behaviors
(walk, rest standing still, look out window, rest pelvic limb) included in the subjective
assessment part of our modified score [44]. In the current study, the time from recovery to
pain score assessment was variable, and while no effect of time on pain scores was found,
some remnant effects of anesthesia when assessed less than 8 h post-recovery could not be
ruled out.

All horses received anti-edematous medication, which contained dexamethasone and
thus had anti-inflammatory effects. However, as all horses received the same medication,
the effect on NSAID analgesic effects, pain scores and assessment of incisional edema was
considered minimal. Finally, the small sample size warrants cautious interpretation of the
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results. It was the author’s choice not to include horses admitted for scrotal castration, as it
possibly would have led to various levels of scrotal edema and different levels of pain.

5. Conclusions

Inguinal castration most often led to only minimal pain, which was similarly managed
with meloxicam, ketoprofen and flunixin. This study warrants the use of meloxicam and
ketoprofen with a similar level of analgesia than flunixin for the management of mild
visceral pain. The PASPAS pain score was not reliable for pain assessment by a veterinary
student, and highlights the need for of a gold standard for assessment of visceral pain
in horses.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/ani12040526/s1: Table S1: Individual data Study 1—Variability
of pain score based on evaluator’s experience; Table S2: Individual data Study 2—Analgesic effect of
NSAIDs according to the pain score.

Author Contributions: Conceptualization, A.C. and A.A.L.; data curation, L.C.L., C.T. and A.D.;
formal analysis, L.C.L. and C.T.; investigation, L.C.L., A.M., A.D., G.T.-J. and A.A.L.; methodology,
L.C.L., A.C. and A.A.L.; resources, A.M., G.T.-J. and A.A.L.; supervision, A.A.L.; visualization, L.C.L.,
C.T. and A.A.L.; writing—original draft, L.C.L.; writing—review & editing, L.C.L., G.T.-J., A.C. and
A.A.L. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study. The
study was integrated in the normal treatment plan for inguinal castration.

Informed Consent Statement: Owners were required to sign an informed consent form at admission
as part of the pre-operative paperwork.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy.

Acknowledgments: Preliminary results were presented at the 14th ECEIM Virtual Congress 2021
(poster).

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Duz, M.; Marshall, J.F.; Parkin, T.D. Proportion of nonsteroidal anti-inflammatory drug prescription in equine practice. Equine Vet.

J. 2019, 51, 147–153. [CrossRef] [PubMed]
2. Bowen, I.M.; Redpath, A.; Dugdale, A.; Burford, J.H.; Lloyd, D.; Watson, T.; Hallowell, G.D. BEVA primary care clinical guidelines:

Analgesia. Equine Vet. J. 2020, 52, 13–27. [CrossRef] [PubMed]
3. MacAllister, C.; Morgan, S.; Borne, A.; Pollet, R. Comparison of adverse effects of phenylbutazone, flunixin meglumine, and

ketoprofen in horses. J. Am. Vet. Med. Assoc. 1993, 202, 71–77. [PubMed]
4. Raidal, S.L.; Hughes, K.J.; Charman, A.-L.; Nielsen, S.G.; Phillips, J.K.; Noble, G.K. Effects of meloxicam and phenylbutazone on

renal responses to furosemide, dobutamine, and exercise in horses. Am. J. Vet. Res. 2014, 75, 668–679. [CrossRef] [PubMed]
5. Noble, G.; Edwards, S.; Lievaart, J.; Pippia, J.; Boston, R.; Raidal, S.L. Pharmacokinetics and Safety of Single and Multiple Oral

Doses of Meloxicam in Adult Horses. J. Vet. Intern. Med. 2012, 26, 1192–1201. [CrossRef] [PubMed]
6. Dalla Costa, E.; Minero, M.; Lebelt, D.; Stucke, D.; Canali, E.; Leach, M.C. Development of the Horse Grimace Scale (HGS) as a

Pain Assessment Tool in Horses Undergoing Routine Castration. PLoS ONE 2014, 9, e92281. [CrossRef]
7. Abass, M.; Picek, S.; Garzón, J.F.G.; Kühnle, C.; Zaghlou, A.; Bettschart-Wolfensberger, R. Local mepivacaine before castration of

horses under medetomidine isoflurane balanced anaesthesia is effective to reduce perioperative nociception and cytokine release.
Equine Vet. J. 2018, 50, 733–738. [CrossRef]

8. Trindade, P.H.E.; Taffarel, M.O.; Luna, S.P.L. Spontaneous Behaviors of Post-Orchiectomy Pain in Horses Regardless of the Effects
of Time of Day, Anesthesia, and Analgesia. Animals 2021, 11, 1629. [CrossRef]

9. Barletta, M.; Young, C.N.; Quandt, J.E.; Hofmeister, E.H. Agreement between veterinary students and anesthesiologists regarding
postoperative pain assessment in dogs. Vet. Anaesth. Analg. 2016, 43, 91–98. [CrossRef]

10. Viñuela-Fernández, I.; Jones, E.; Chase-Topping, M.E.; Price, J. Comparison of subjective scoring systems used to evaluate equine
laminitis. Vet. J. 2011, 188, 171–177. [CrossRef]

11. Mackenzie, C. Clinical insights: Equine analgesia. Equine Vet. J. 2021, 53, 407–409. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/ani12040526/s1
https://www.mdpi.com/article/10.3390/ani12040526/s1
http://doi.org/10.1111/evj.12997
http://www.ncbi.nlm.nih.gov/pubmed/30048005
http://doi.org/10.1111/evj.13198
http://www.ncbi.nlm.nih.gov/pubmed/31657050
http://www.ncbi.nlm.nih.gov/pubmed/8420909
http://doi.org/10.2460/ajvr.75.7.668
http://www.ncbi.nlm.nih.gov/pubmed/24959734
http://doi.org/10.1111/j.1939-1676.2012.00976.x
http://www.ncbi.nlm.nih.gov/pubmed/22860573
http://doi.org/10.1371/journal.pone.0092281
http://doi.org/10.1111/evj.12947
http://doi.org/10.3390/ani11061629
http://doi.org/10.1111/vaa.12269
http://doi.org/10.1016/j.tvjl.2010.05.011
http://doi.org/10.1111/evj.13421
http://www.ncbi.nlm.nih.gov/pubmed/33834534


Animals 2022, 12, 526 13 of 14

12. Robert, M.P.; Chapuis, R.J.J.; de Fourmestraux, C.; Geffroy, O.J. Complications and risk factors of castration with primary wound
closure: Retrospective study in 159 horses. Can. Vet. J. 2017, 58, 6.

13. Graubner, C.; Gerber, V.; Doherr, M.; Spadavecchia, C. Clinical application and reliability of a post abdominal surgery pain
assessment scale (PASPAS) in horses. Vet. J. 2011, 188, 178–183. [CrossRef] [PubMed]

14. Leroux, A. Les anti-inflammatoires non stéroïdiens: Mise à jour des connaissances et impact sur les pratiques d’utilisation. Prat.
Vet. Equine 2021, 211, 6–14.

15. Knych, H.K. Nonsteroidal Anti-inflammatory Drug Use in Horses. Vet. Clin. N. Am. Equine Pract. 2017, 33, 1–15. [CrossRef]
[PubMed]

16. Richardson, L.M.; Whitfield-Cargile, C.M.; Cohen, N.D.; Chamoun-Emanuelli, A.M.; Dockery, H.J. Effect of selective versus
nonselective cyclooxygenase inhibitors on gastric ulceration scores and intestinal inflammation in horses. Vet. Surg. 2018, 47,
784–791. [CrossRef]

17. Beretta, C.; Garavaglia, G.; Cavalli, M. COX-1 and COX-2 inhibition in horse blood by phenylbutazone, flunixin, carprofen and
meloxicam: An in vitro analysis. Pharmacol. Res. 2005, 52, 302–306. [CrossRef]

18. Ziegler, A.L.; Freeman, C.K.; Fogle, C.A.; Burke, M.J.; Davis, J.L.; Cook, V.L.; Southwood, L.L.; Blikslager, A.T. Multicentre, blinded,
randomised clinical trial comparing the use of flunixin meglumine with firocoxib in horses with small intestinal strangulating
obstruction. Equine Vet. J. 2019, 51, 329–335. [CrossRef]

19. Di Salvo, A.; Giorgi, M.; Nannarone, S.; Lee, H.K.; Corsalini, J.; della Rocca, G. Postoperative pharmacokinetics of meloxicam in
horses after surgery for colic syndrome. J. Vet. Pharmacol. Therap. 2018, 41, 369–373. [CrossRef]

20. Ziegler, A.; Fogle, C.; Blikslager, A. Update on the use of cyclooxygenase-2-selective nonsteroidal anti-inflammatory drugs in
horses. J. Am. Vet. Med. Assoc. 2017, 250, 1271–1274. [CrossRef]

21. Little, D.; Brown, S.A.; Campbell, N.B.; Moeser, A.J.; Davis, J.L.; Blikslager, A.T. Effects of the cyclooxygenase inhibitor meloxicam
on recovery of ischemia-injured equine jejunum. Am. J. Vet. Res. 2007, 68, 614–624. [CrossRef] [PubMed]

22. Davis, J.L. Pharmacologic Principles. In Equine Internal Medicine, 4th ed.; Reed, S.M., Bayly, W.M., Sellon, D.C., Eds.; Elsevier:
St. Louis, MI, USA, 2018; pp. 79–137.

23. Jackman, B.R.; Moore, J.N.; Barton, M.H.; Morris, D.D. Comparison of the Effects of Ketoprofen and Flunixin Meglumine on the
in vitro Response of Equine Peripheral Blood Monocytes to Bacterial Endotoxin. Can. J. Vet. Res. 1994, 58, 138–143. [PubMed]

24. Arifah, A.K.; Landoni, M.F.; Lees, P. Pharmacodynamics, chiral pharmacokinetics and PK-PD modelling of ketoprofen in the goat:
PK-PD modelling of ketoprofen. J. Vet. Pharmacol. Ther. 2003, 26, 139–150. [CrossRef] [PubMed]

25. Landoni, M.F.; Lees, P. Pharmacokinetics and pharmacodynamics of ketoprofen enantiomers in the horse. J. Vet. Pharmacol. Ther.
1996, 19, 466–474. [CrossRef]

26. Naylor, R.J.; Taylor, A.H.; Knowles, E.J.; Wilford, S.; Linnenkohl, W.; Mair, T.S.; Johns, I.C. Comparison of flunixin meglumine
and meloxicam for post operative management of horses with strangulating small intestinal lesions: Does meloxicam improve
survival in horses following small intestinal strangulation? Equine Vet. J. 2014, 46, 427–434. [CrossRef] [PubMed]

27. Gobbi, F.P.; Di Filippo, P.A.; de Macêdo Mello, L.; Lemos, G.B.; Martins, C.B.; Albernaz, A.P.; Quirino, C.R. Effects of Flunixin
Meglumine, Firocoxib, and Meloxicam in Equines After Castration. J. Equine Vet. Sci. 2020, 94, 103229. [CrossRef]

28. Fogle, C.; Davis, J.; Yechuri, B.; Cordle, K.; Marshall, J.; Blikslager, A. Ex vivo COX-1 and COX-2 inhibition in equine blood by
phenylbutazone, flunixin meglumine, meloxicam and firocoxib: Informing clinical NSAID selection. Equine Vet. Educ. 2021, 33,
198–207. [CrossRef]

29. Longo, E.; Autefage, A.; Bayle, R.; Keister, M.; Gool, E.V. Efficacy of a non-steroidal anti-inflammatory, ketofen 10% (ketoprofen)
in the treatment of colic in horses. J. Equine Vet. Sci. 1992, 12, 311–315. [CrossRef]

30. Lees, P.; Sedgwick, A.D.; Higgins, A.J.; Pugh, K.E.; Busch, U. Pharmacodynamics and pharmacokinetics of miloxicam in the horse.
Br. Vet. J. 1991, 147, 97–108. [CrossRef]

31. Toutain, P.-L.; Reymond, N.; Laroute, V.; Garcia, P.; Popot, M.-A.; Bonnaire, Y.; Hirsch, A.; Narbe, R. Pharmacokinetics of
meloxicam in plasma and urine of horses. Am. J. Vet. Res. 2004, 65, 1542–1547. [CrossRef]

32. Landoni, M.F.; Lees, P. Comparison of the anti-inflammatory actions of flunixin and ketoprofen in horses applying PK/PD
modelling. Equine Vet. J. 1995, 27, 247–256. [CrossRef] [PubMed]

33. Owens, J.G.; Kamerling, S.G.; Barker, S.A. Pharmacokinetics of ketoprofen in healthy horses and horses with acute synovitis. J.
Vet. Pharmacol. Ther. 1995, 18, 187–195. [CrossRef] [PubMed]

34. Knych, H.K.; Arthur, R.M.; Steinmetz, S.; McKemie, D.S. Pharmacokinetics of ketoprofen enantiomers following intravenous and
oral administration to exercised Thoroughbred horses. Vet. J. 2016, 207, 196–198. [CrossRef] [PubMed]

35. Sams, R.; Gerken, D.F.; Ashcraft, S.M. Pharmacokinetics of ketoprofen after multiple intravenous doses to mares. J. Vet. Pharmacol.
Ther. 1995, 18, 108–116. [CrossRef]

36. Cook, V.L.; Meyer, C.T.; Campbell, N.B.; Blikslager, A.T. Effect of firocoxib or flunixin meglumine on recovery of ischemic-injured
equine jejunum. AJVR 2009, 70, 992–1000. [CrossRef]

37. Ziegler, A.L.; Blikslager, A.T. Sparing the gut: COX-2 inhibitors herald a new era for treatment of horses with surgical colic.
Equine Vet. Educ. 2020, 32, 611–616. [CrossRef]

38. Giovanni, G.; Giovanni, P. Do non-steroidal anti-inflammatory drugs and COX-2 selective inhibitors have different renal effects?
J. Nephrol. 2002, 15, 480–488.

http://doi.org/10.1016/j.tvjl.2010.04.029
http://www.ncbi.nlm.nih.gov/pubmed/20627635
http://doi.org/10.1016/j.cveq.2016.11.001
http://www.ncbi.nlm.nih.gov/pubmed/28190614
http://doi.org/10.1111/vsu.12941
http://doi.org/10.1016/j.phrs.2005.04.004
http://doi.org/10.1111/evj.13013
http://doi.org/10.1111/jvp.12461
http://doi.org/10.2460/javma.250.11.1271
http://doi.org/10.2460/ajvr.68.6.614
http://www.ncbi.nlm.nih.gov/pubmed/17542694
http://www.ncbi.nlm.nih.gov/pubmed/8004539
http://doi.org/10.1046/j.1365-2885.2003.00455.x
http://www.ncbi.nlm.nih.gov/pubmed/12667184
http://doi.org/10.1111/j.1365-2885.1996.tb00084.x
http://doi.org/10.1111/evj.12224
http://www.ncbi.nlm.nih.gov/pubmed/24372991
http://doi.org/10.1016/j.jevs.2020.103229
http://doi.org/10.1111/eve.13280
http://doi.org/10.1016/S0737-0806(06)81340-7
http://doi.org/10.1016/0007-1935(91)90099-9
http://doi.org/10.2460/ajvr.2004.65.1542
http://doi.org/10.1111/j.2042-3306.1995.tb03073.x
http://www.ncbi.nlm.nih.gov/pubmed/8536660
http://doi.org/10.1111/j.1365-2885.1995.tb00577.x
http://www.ncbi.nlm.nih.gov/pubmed/7674454
http://doi.org/10.1016/j.tvjl.2015.09.018
http://www.ncbi.nlm.nih.gov/pubmed/27152386
http://doi.org/10.1111/j.1365-2885.1995.tb00563.x
http://doi.org/10.2460/ajvr.70.8.992
http://doi.org/10.1111/eve.13189


Animals 2022, 12, 526 14 of 14

39. Wallace, J.L. Prostaglandins, NSAIDs, and Gastric Mucosal Protection: Why Doesn’t the Stomach Digest Itself? Physiol. Rev. 2008,
88, 1547–1565. [CrossRef]

40. Valros, A.; Hänninen, L. Animal Ethical Views and Perception of Animal Pain in Veterinary Students. Animals 2018, 8, 220.
[CrossRef]

41. Sutton, G.A.; Paltiel, O.; Soffer, M.; Turner, D. Validation of two behaviour-based pain scales for horses with acute colic. Vet. J.
2013, 197, 646–650. [CrossRef]

42. Maskato, Y.; Dugdale, A.H.A.; Singer, E.R.; Kelmer, G.; Sutton, G.A. Prospective Feasibility and Revalidation of the Equine Acute
Abdominal Pain Scale (EAAPS) in Clinical Cases of Colic in Horses. Animals 2020, 10, 2242. [CrossRef] [PubMed]

43. Engelhardt, G.; Homma, D.; Schlegel, K.; Utzmann, R.; Schnitzler, C. Anti-inflammatory, analgesic, antipyretic and related
properties of meloxicam, a new non-steroidal anti-inflammatory agent with favourable gastrointestinal tolerance. Inflamm. Res.
1995, 44, 423–433. [CrossRef] [PubMed]

44. Gleerup, K.B.; Lindegaard, C. Recognition and quantification of pain in horses: A tutorial review. Equine Vet. Educ. 2016, 28,
47–57. [CrossRef]

http://doi.org/10.1152/physrev.00004.2008
http://doi.org/10.3390/ani8120220
http://doi.org/10.1016/j.tvjl.2013.04.007
http://doi.org/10.3390/ani10122242
http://www.ncbi.nlm.nih.gov/pubmed/33260428
http://doi.org/10.1007/BF01757699
http://www.ncbi.nlm.nih.gov/pubmed/8564518
http://doi.org/10.1111/eve.12383

	Introduction 
	Materials and Methods 
	Study Sample 
	Pain Score 
	Study 1—Variability of Pain Scores Based on Evaluator’s Experience 
	Study 2—Analgesic Effect of NSAIDs According to the Pain Score 
	Statistical Analysis 

	Results 
	Study Sample 
	Study 1—Variability of Pain Scores Based on Evaluator’s Experience 
	Study 2—Analgesic Effect of NSAIDs According to the Pain Score 

	Discussion 
	Conclusions 
	References

