FULL ARTICLE

ISSN Online 1678-4456

Evaluation of post-operative pain and stress in dogs after elective
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ABSTRACT

Surgical procedures in pet animals are usually associated with some degree of stress and pain. Hospitalization is one
stress-triggering factor. The present study aimed to evaluate the degree of stress and pain during hospitalization of
female dogs submitted to elective ovariohysterectomy (OVH) and to investigate the influence of hospitalization on the
stress of these animals. Fifteen young adult crossbreed female dogs were divided into two groups: eight animals without
surgery (Group 1 - control) and seven animals submitted to surgery (Group 2 - OVH). Pain and stress were evaluated.
Visual analogue scale (VAS), simple descriptive pain scale (SDS) and modified Glasgow pain scale (MGPS) were used.
Serum cortisol (ug/dL) and glucose (mg/dl) were also measured. No statistical difference was observed for cortisol
(ug/dL) between the two groups. Despite the absence of statistical difference between groups and times, mean serum
cortisol (ug/dL) values exceeded the normal values for the canine species at various times evaluated. Hyperglycemia
was only observed at T4 in the OVH group. It was concluded that the hospitalization of animals was more relevant in
the establishment of stress than the surgical procedure and associated pain. The influence of stress was a relevant factor
in the results of assessments carried out using the MGPS.
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RESUMO

Os procedimentos cirurgicos em animais de companhia sdo geralmente associados a algum grau de dor e estresse e
a hospitalizagdo ¢ um dos fatores que predispdem ao estresse. O presente estudo teve o objetivo de avaliar o grau de
estresse e dor durante a internagdo de cadelas submetidas a ovariohisterectomia eletiva (OVH) e investigar a influéncia da
hospitalizagdo sobre o estresse nestes animais. Quinze cadelas adultas jovens e mestigas foram divididas em dois grupos:
oito animais ndo submetidos a cirurgia (Grupo 1 - controle) e sete animais submetidos a OVH (Grupo 2 - OVH). Dor
e estresse foram avaliados. Foram utilizadas a escala visual analdgica (EVA), escala descritiva simples (EDS) e escala
de dor de Glasgow modificada (EDGM). A glicose (mg/dL) e o cortisol (ug/dL) séricos foram mensurados. Nao houve
diferenca estatistica do cortisol (ug/dL) entre os grupos. Entretanto, os valores médios de cortisol (ng/dL) excederam
aqueles considerados normais para a espécie canina em varios periodos avaliados. A hiperglicemia foi observada em
T4 no grupo OVH. Concluiu-se que a hospitalizagao dos animais foi mais relevante na ocorréncia do estresse do que o
procedimento cirurgico e a dor associada a ele. Desta forma, a influéncia do estresse foi um fator relevante nos resultados
das avaliagdes realizadas com a escala de dor de Glasgow modificada.

Palavras-chave: Cao. Estresse. Dor. Ovariohisterectomia. Hospitalizagao.
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Introduction

Surgical procedures in companion animals are usually
associated with some degree of stress and pain, even with
adequate post-operative analgesia. Minimizing pain and stress
is a common goal of veterinary surgeons (Michelsen et al.,
2012). Hospitalization of these animals, often necessary for
their full recovery, is another stress-triggering factor due to
confinement, loss of familiarity with the environment, social
isolation, lack of predictability of events and absence of an
animal’s familiar caregiver (Hekman et al., 2012; Lefman
& Prittie, 2019; Viisdanen et al., 2005).

Physiological stress is not harmful to the body, being an
adaptive mechanism that prepares the individual to respond
to environmental stimuli (Hekman et al., 2014). However,
intense and chronic stress is harmful to animals, and various
conditions such as fear, frustration, overstimulation, surgical
procedures, pain and hospitalization can compromise the
animal’s well-being (Broom, 1991; Kitchen et al., 1987;
Koknaroglu & Akunal, 2013; Lloyd, 2017; Mostl & Palme,
2002). Several hormones (adrenocorticotropic, glucocorticoids,
catecholamines, and prolactin, among others) are involved
in the stress condition, and adrenal glands play an important
role in this mechanism, related with hypothalamic-pituitary-
adrenocortical and sympathetic-adrenal-medullary axes
(Hekman et al., 2014; Mostl & Palme, 2002; Willen at al.,
2017). Cortisol (ug/dL) is the main indicator of stress
(Broom, 1991; Hekman et al., 2012; Mostl & Palme, 2002;
Zanella et al., 2009), and another important indicator of
metabolic stress is serum glucose (mg/dL), which tends to
be increased after surgical trauma (Freeman et al., 2010).
Physiological parameters such as body temperature, blood
pressure and heart and respiratory rates are also reported as
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indicators of stress and pain in dogs (Freeman et al., 2010;
Hekman et al., 2014; Hellyer & Gaynor, 1998; Hellyer et al.,
2007; Lefman & Prittie, 2019; Srithunyarat et al., 2016;
Viisanen et al., 2005; Zanella et al., 2009).

Furthermore, behavioral signs can be used to assess the
presence or absence of stress in animals (Véisanen et al., 2005).
Vocalization, change in feeding habits, facial expression,
interactive behavior and atypical body postures can reveal
signs of pain, discomfort, disease or suffering (Beerda etal.,
1997; Hellyer & Gaynor, 1998; Lefman & Prittie, 2019).

Pain is related directly to emotional issues, such as fear
and anxiety. However, these concepts are subjective (Lefman
& Prittie, 2019), and to distinguish an animal’s pain from a
stress response becomes challenging (Maticic¢ et al., 2010).

This study aims to investigate pain and stress in female
dogs submitted to ovariohysterectomy and control group,
also evaluating the influence of hospitalization on animals.

Material and Methods

This study was approved by the Ethics Committee on the
Use of Animals of the Federal University of Minas Gerais
(UFMG) on March 30, 2015, under protocol 66/2015. Fifteen
young adult crossbreed female dogs, weighing between 7 kg
and 20 kg, participated in this study, randomly distributed
in 2 groups. Eight animals were hospitalized without surgery
(Group 1 - control) and seven animals were hospitalized
and submitted to elective ovariohysterectomy (Group 2
- OVH). All animals underwent the same conditions of
hospitalization.

All female dogs came from a rescued animal shelter
and were referred for elective OVH for population control
purposes. The animals’ guardians signed the “Informed
Consent Form” attesting to the knowledge of the terms of
the study and authorizing the participation of the animals.

The animals were previously subjected to a full clinical
examination, surgical risk tests (blood count, urea and
creatinine levels, and glycemia (mg/dL)) and abdominal
ultrasonography to exclude diseases that could interfere in
this study. All animals, in both groups, were admitted at
veterinary hospital 24 h before the beginning of analysis to
provide a period of adaptation to the hospital environment
and minimize stress and standardize assessments related
to hospitalization (Hellyer et al., 2007).

All animals were accommodated in individual kennels
and remained hospitalized for 48 h after sedation (G1) or
after surgery (G2) to perform evaluations of this study.
All dogs were subjected to 12 h of food fasting and 4 h of
water fasting before pre-anesthetic medication. All animals
in both groups were given pre-anesthetic medication

Braz ] Vet Res Anim Sci. 2020;57(3):¢162908


https://doi.org/10.11606/issn.1678-4456.bjvras.2020.162908

with methadone hydrochloride (Mytedon®, Cristélia,
Sao Paulo, Sao Paulo, Brazil) (0.5 mg Kg/IM). A venous
access was then punctured in the cephalic vein, and a
ventral abdominal trichotomy for OVH was carried out.
Group 2 animals underwent intravenous (IV) anesthetic
induction using 1% propofol (Fresofol 1%, Fresenius Kabi
Brasil Ltda, Campinas, Sdo Paulo, Brazil) (5 mg/kg/IV)
and fentanyl (Fentanest®, Cristalia, Sao Paulo, Sdo Paulo,
Brazil) (5 ug/kg/IV). After orotracheal intubation, anesthesia
was maintained using isoflurane (Isothane® 100 ml, Baxter
Hospitalar Ltda., Santo Amaro, Sdo Paulo, Brazil) in an
inhalation anesthetic device in a semi-closed circular
system (1.5 v%). During anesthesia, the animals were
monitored every 5 min for heart and respiratory rate, body
temperature, non-invasive blood pressure with Doppler,
pulse oximetry and electrocardiography. The animals
were kept at a body temperature between 35.5 and 39.2 °C
with the aid of thermal mattress, arterial systolic pressure
above 100 mmHg, heart rate between 80 and 120 bpm and
respiratory rate between 8 and 12 mpm. During anesthesia,
changes in fluid therapy infusion rate and inhalational
anesthetic concentration were performed, when necessary,
to maintain the animal with the physiological parameters
mentioned above.

Antisepsis of the surgical field was performed according
to the principles described by Fossum (2008). Group 2
animals were submitted to the OVH technique (Stone, 2007)
and surgical time was defined from the moment of skin
incision to skin suturing, with average time of 20 minutes.

During hospitalization, the animals were kept in
individual kennels at UFMG Veterinary Hospital for 48 h
and received commercial dry dog food twice a day and
water ad libitum. To mimic all stress conditions inherent to
hospitalization, both groups had a venous access (IV and
extender equipment), surgical clothing and Elizabethan
collar maintained during the 48-h hospitalization.

Group 2 animals (OVH) received two doses of cephalothin
sodium (Cefalotina Sodica, Antibidticos do Brasil,
Cosmopolis, Sao Paulo, Brazil) (30 mg/Kg/IV), one dose
immediately before surgery, and the other dose 2 h later.
Post-operative analgesia consisted of local blockage of the
surgical wound with bupivacaine without vasoconstrictor
(Neocaina®, Cristalia, Sdo Paulo, Sao Paulo, Brazil) (3 mg/
kg), tramadol hydrochloride (Cloridrato de Tramadol,
Unido Quimica Farmacéutica Nacional S/A, Jabaquara, Sdo
Paulo, Brazil) (5 mg/Kg/SC) and scopolamine/dipyrone
(Buscofin®, Unidao Quimica Farmacéutica Nacional S/A,
Jabaquara, Sao Paulo, Brazil) (25 mg/Kg/IV), every 8 h,
during the following 48 h.
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To estimate stress and pain levels, behavioral assessment
and blood sample collection (cortisol - ug/dL- and
glucose- mg/dL) were carried out at seven time points: TO -
immediately before the surgery (Group 2), and the equivalent
time (Group 1); T4 - 4 h after surgery (Group 2) and 4 h
after sedation (Group 1); T8 - 8 h after surgery (Group 2)
and 8 h after sedation (Group 1); T12 - 12 h after surgery
(Group 2) and 12 h after sedation (Group 1); T24 - 24 h
after surgery (Group 2) and 24 h after sedation (Group 1);
T36 - 36 h after surgery (Group 2) and 36 h after sedation
(Group 1); T48 - 48 h after surgery (Group 2) and 48 h
after sedation (Group 1).

In both groups, the first assessment (T0) invariably
occurred between 7:00 a.m. 9:00 a.m.

Assessment of behavior, pain, sedation, and stress

Three scales were used to assess post-operative pain.
The Modified Glasgow Pain Scale (MGPS) was used and
behavioral assessments were based on posture, vocalization,
attention to the surgical wound, mobility, response to
surgical wound manipulation, behavior and comfort of the
animal. The total possible score ranges from 0 to 10, where 0
represents “complete absence of pain,” and 10 represents
“maximum possible pain” (Morton et al., 2005.) Although
it is a pain rating scale, the MGPS includes behavioral
parameters directly related to stress, such as vocalization,
locomotion, atypical body postures, changes in behavior
and facial expressions (Hellyer & Gaynor, 1998).

Beyond the MGPS, the visual analogue scale (VAS) and
simple descriptive scale (SDS) were applied to assess pain.
Sedation level was assessed by VAS and SDS. The VAS is
a 10-cm line in which the extreme left mark (0) indicates an
alert or pain-free animal and the extreme right mark (10)
indicates the highest level of sedation or maximum possible
pain. Analgesic rescue was performed on animals with a
score > 5 in the VAS and/or > 2 in the SDS. All evaluations
were carried out by a single experienced appraiser, as
described by Moll et al.(2011).

Serum cortisol and glucose dosage

At all the time points listed above, blood samples were
collected using jugular venipuncture. Immediately after
collection, the samples were centrifuged, the serum frozen
at -20 °C and analyzed by radioimmunoassay method for
cortisol (ug/dL) measurement and biochemistry analyzer
for glucose (mg/dL) measurement. Interval references of
cortisol and glucose were 1.80-4.00 ug/dL and .70-110 mg/dL,
respectively (Jerico, 2015; Nelson et al., 2004).
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Statistical analysis

In this study, a completely randomized design with split
plots was used, in which the absence or performance of
the surgical procedure constituted the plots.

The assessment times represented the subplots and each
animal, an experimental unit or repetition. Differences
with p <0.05 were considered significant. Responses were
subjected to different tests: analysis of variance and the
Student-Newman-Keuls (SNK) test, analysis of variance
and the SNK test, Kruskal-Wallis test (KW) and Pearson
correlation.

Results

Stress, pain, and sedation scale

Median values and standard deviations for pain analogue
visual scale (VAS) scores are presented in Table 1. In the
comparison between groups, there was a statistical difference
in times T4 to T48, with higher means in group 2 (OVH)
for these times. In group 1 (control), over the evaluated
times, there was no statistical difference. In group 2 (OVH),
over the evaluated times, there was a difference in T4 in
relation to TO (preoperative) and T48. At T4, the averages
were the highest.

The values of medians and standard deviations for
the simple descriptive pain (SDS) scores are shown in
Table 2. In the comparison between groups, there was a
statistical difference in times T4 to T24, with higher means
in group 2 (OVH) for these times. In group 1 (control),
over the evaluated times, there was no statistical difference.
In group 2 (OVH), over time, there was a difference in T4,
T8, T12 and in relation to TO (pre-surgery), T36 and T48.

The median values and standard deviations for sedation
visual analog scale (VAS) scores for sedation are shown in
Table 3. In the comparison between groups, there was no
statistically significant difference. In group 1 (control), over
the evaluated times, there was a difference of T4 in relation
to all other evaluated times. In group 2 (OVH), over time,
there was a difference of T4 in relation to the other times,
except T8. T8 difference was also observed in relation to
TO (preoperative), T24, T36 and T48.

The values of medians and standard deviations for the
simple descriptive scale (SDS) scores for sedation are shown
in Table 4. In the comparison between groups, there was
no statistically significant difference. In group 1 (control),
over the evaluated times, there was a difference of T4 (4h

after sedation) in relation to the other evaluated times.

Table 1 — Medians and standard deviations of the visual analog scale (VAS) scores for pain at different times during the assessment in
group 1 (control) and group 2 (OVH). Veterinary Hospital of the Federal University of Minas Gerais, June to October 2015

N TO T4 T8 T12 T24 T36 T48
Group 1 (Control) 8 0 0 0 0 0 0 0
ABa Aa Aa Aa Aa Aa Aa
Group 2 (OVH) 7 0 3.8+0.95 3.0+1.5 1.9+1.78 0.9£1.1 0.6+0.35 0.2+0.15
ABa D CDb CDb CDb CDb BCb

N= number of animals. Values followed by different capital letters are significantly different (p < 0.05) among assessment times, and different lower case letters
indicate that the values differ significantly between groups, according to the Kruskal-Wallis test.

Table 2 — Medians and standard deviations of the simple descriptive pain scale (SDS) scores at different times during the assessment in
group 1 (control) and group 2 (OVH). Veterinary Hospital of the Federal University of Minas Gerais, June to October 2015

N T0 T4 T8 T12 T24 T36 T48
Group 1 (Control) 8 1 1 1 1 1 1 1
Aa Aa Aa Aa Aa Aa Aa
Group 2 (OVH) 7 1 3+0.49 2+0.38 2+0.38 2+0 1+0.49 1+0.38
Aa Bb Bb Bb Bb Aa Aa

N= number of animals. Values followed by different capital letters are significantly different (p < 0.05) among assessment times, and different lower case letters
indicate that the values differ significantly between groups, according to the Kruskal-Wallis test.

Table 3 — Medians and standard deviations of the visual analog scale (VAS) scores for sedation at different times during the
assessment in group 1 (control) and group 2 (OVH). Veterinary Hospital of the Federal University of Minas Gerais, June

to October 2015
N TO T4 T8 T12 T24 T36 T48
Group 1 (Control) 8 0 1.6x£1.14 0£0.19 0 0 0 0
ABa Ca ABa Aa Aa Aa Aa
Group 2 (OVH) 7 0 1.3+£0.55 0.6+0.42 0+0.49 0 0 0
Aa CCa BCa ABa Aa Aa Aa

N=number of animals. Values followed by different capital letters are significantly different (p < 0.05) among assessment times, and different lower case
letters indicate that the values differ significantly between groups, according to the Kruskal-Wallis test.
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In group 2 (OVH), over time, there was a difference of
T4 in relation to T0, T12, T24, T36 and T48.

The median values and standard deviations for the modified
Glasgow pain scale (MGPS) scores are shown in Table 5.

In the comparison between groups, there was a statistical
difference in times T36 and T48, with lower means in
group 2 (OVH) for these times. In group 1 (control), over
the evaluated times, there was no statistical difference.
In group 2 (OVH), T4 differed significantly from T8,
T12, T24, T36, and T48. At T4, the averages were the
highest. Times T36 and T48 were statistically different
from TO (preoperative), T4 and T8. T36 and T48 showed
differences in relation to TO (preoperative), T4 and T8.

Evaluation of serum cortisol and glucose

Mean serum cortisol concentrations (pg/dL-1) in both
groups and at the times evaluated (T0-T48) are shown in
Table 6. In the comparison between the groups, over the

evaluated times, there was no statistical difference in serum
cortisol levels (ug/dL). Despite the absence of statistical
difference between groups and times, the mean serum
cortisol values (pg/dL) exceeded the normal values for
the canine species at various times evaluated. In group 1
(control), increased means for cortisol (ug/dL) were observed
at all evaluation times.

In group 2 (OVH), mean serum cortisol values (ug/dL)
exceeded normal values at TO (pre-surgery), T4 and T8.

The mean values obtained for blood glucose (mg/dL-1)
in each assessment (T0-T48) in both groups are shown in
Table 7. In the comparison between the groups, there was no
statistical difference. In groups 1 (control) and 2 (OVH), over
the evaluated times, there was difference only in T4 (4 hours
after sedation or surgery) in relation to the other times, with
higher means in T4. In group 2 (OVH), the mean T4 blood
glucose values (mg/dL) were above the reference values for
canines, constituting a hyperglycemic state.

Table 4 — Medians and standard deviations of the simple descriptive scale (SDS) for sedation scores at different times during the
assessment in group 1 (control) and group 2 (OVH). Veterinary Hospital of the Federal University of Minas Gerais, June

to October 2015
TO T4 T8 T12 T24 T36 T48
Group 1 (Control) 8 1 2+0.35 1+0.46 1 1 1 1
Aa Ba Aa Aa Aa Aa Aa
Group 2 (OVH) 7 1 2+0.38 2+0.53 1 1 1 1
Aa Ba ABa Aa Aa Aa Aa

N= number of animals. Values followed by different capital letters are significantly different (p < 0.05) among assessment times, and different lower case letters
indicate that the values differ significantly between groups, according to the Kruskal-Wallis test.

Table 5 — Medians and standard deviations of the modified Glasgow pain scale (MGPS) scores at different times during the
assessment in group 1 (control) and group 2 (OVH). Veterinary Hospital of the Federal University of Minas Gerais, June

to October 2015
N T0 T4 T8 T12 T24 T36 T48
Group 1 8 54+23DEa 3.9+09DEa 29+18BCDEa 3.6+x14CDEa 21+1.7BCDa 22+15BCDEa 1.8+22BCDa
Group 2 7 32+18BCDEa 52+10Ea 1.8+£22BCDa 1.5+ 1.9ABCa 0.1+20ABa 09+05Ab 0.1+£03Ab

N= number of animals. Values followed by different capital letters are significantly different (p < 0.05) among assessment times, and
different lower case letters indicate that the values differ significantly between groups, according to the Kruskal-Wallis test.

Table 6 — Means and standard deviations of serum cortisol levels (ng/dL) at different assessment times in group 1 (control) and
group 2 (OVH). Veterinary Hospital of the Federal University of Minas Gerais, June to October 2015

N TO T4 T8 T12 T24 T36 T48
Group 1 (Control) 8 9+4 Aa 5+2Aa 6+3Aa 7+3Aa 8+2Aa 7+3Aa 8+t7Aa
Group 2 (OVH) 7 5t3Aa 7£3Aa 5t2Aa 3t1Aa 4+1Aa 4+2 Aa 4+2 Aa

N=number of animals. Values followed by different capital letters are significantly different (p < 0.05) between assessment times, and different lower case letters
indicate significant differences between groups, according to the SNK test. Reference serum cortisol values for canines: 1.80-4.00 pg/dL. Source: Jericé (2015).

Table 7 — Means and standard deviations of serum glucose (mg/dL) at different assessment times in group 1 (control) and group 2
(OVH). Veterinary Hospital of the Federal University of Minas Gerais, June to October 2015

N TO T4 T8 T12 T24 T36 T48

Group 1 (Control) 8 9145 10049.2 92+5 88+10 9747 97+7 94+7
Ba Aa Ba Ba Ba Ba Ba

Group 2 (OVH) 7 96+5 118+11 109412 10111 102+14 10248 100+8
Ba Aa Ba Ba Ba Ba Ba

N=number of animals. Values followed by different capital letters are significantly different (p < 0.05) between assessment times, and different lower case letters
indicate significant differences between groups, according to the SNK test. Reference values of glucose for canines: 70110 mg/dL. Source: Nelson et al. (2004).

Braz ] Vet Res Anim Sci. 2020;57(3):€162908



Discussion

The results regarding the VAS and SDS pain scales are
compatible with the expected results, and all animals in
group 1 (not operated) presented zero pain score at all
times evaluated. In Group 2 (OVH), the highest averages
(3.8 in VAS and 3 in SDS) were observed in the immediate
post-operative period (T4), probably because of the surgical
nociceptive stimulus that causes central sensitization and
the inflammatory reaction (Alves et al., 2017; Fox et al.,
1998; Srithunyarat et al., 2016). At T4, analgesic rescue
was performed with tramadol hydrochloride on animals
that presented SDS scores > 2. The average and individual
values declined at subsequent times (T8 to T48), indicating
a decrease in central sensitization and the inflammatory
reaction, as well as a lower influence on the neuroendocrine
and metabolic responses (Alves et al., 2017; Fox et al., 1998;
Srithunyarat et al., 2016).

Selmi et al. (2009) compared different analgesic protocols
in dogs after OVH using the VAS. The results were similar in
all protocols, and there was a strong correlation between the
VAS and University of Melbourne pain scales. The present
study found similar pain results between the VAS and SDS
in the animals assessed.

Holton et al. (1998) discussed the trend in the use of
the VAS, SDS, and numerical scale separately and found
a significant variability among observers at all scales
evaluated. They reported the relevance of using the three
scales together as a way of minimizing the influence of each
scale separately on pain assessment. Matici¢ et al. (2010)
also used the VAS to assess pain in animals and considered
it a valid, reliable, and sensitive method for assessing pain
in animals. Reid & Nolan (1991) used the VAS and SDS
pain and sedation scales, and they deemed the VAS more
satisfactory and sensitive. In the present study, three pain
scales (VAS, SDS, and MGPS) were applied together with
the same purpose of increase the reliability of the analyses.

The results concerning the VAS and SDS scales of
sedation were also compatible with what was expected.
Group 1 (control) displayed a sedative effect at T4 (4h after
methadone administration), since this drug is an opioid
agonist with a sedative effect (Gorniak, 2006; Lamont &
Mathews, 2007). In Group 2 (OVH), as expected, a residual
and longer sedative effect was found at T4 and T8, probably
because of the drugs used in anesthesia and analgesic post-
operative protocol in Group 2 (Branson, 2007).

Both stress and pain can lead to changes in animal
behavior, such as body posture, level of activity, and changes
inlocomotion frequency (Lefman & Prittie, 2019; Malm et al.,
2005a; Vdisdnen et al., 2005). Among the VAS, SDS and

6/10

MGPS scales applied in this study, the MGPS was the only
one that considered behavioral parameters to assess pain.

The rescue anesthesia is necessary when the MGPS score
is higher than 3.5 (Campagnol, 2011; Murrell et al., 2008).
In the present study, in a general descriptive analysis, the
means found in some time points were above this value.
Surprisingly, in group 1 (control), the MGPS means were
above 3.5 at TO (before sedation), T4, and T12. Although
the MGPS is a pain scale, some criteria and parameters
applied are directly related to stress. Thus, while group 1
dogs were free of pain, because they did not undergo surgery,
their MGPS means may have been above 3.5 due to stress.

In Group 2 (OVH), the MGPS means were above 3.5 only
at T4. These highest means found at T4 may have been
linked to the stress associated with the painful stimulus of
surgical intervention, although it must be highlighted that
the MGPS estimates parameters directly related to pain
(Campagnol, 2011; Murrell et al., 2008).

Despite the painful stimulus in group 2 (OVH), there
were lower percentages of animals with a MGPS scores
above 3.5 at almost all times in this group, indicating that
stress has a remarkable influence on the MGPS. At T36 and
T48 (Table 5), lower means were found in the group that
had undergone surgery (group 2), possibly because of the
sedative effect of CNS depression by tramadol used in the
analgesic protocol of this group (Gérniak, 2006).

Kim et al. (2012) used the MGPS to evaluate different
anesthetic protocols. In their results, all dogs had a
zero score in the pre-operative evaluation. The animals
were from shelters, just as in the present study, but they
underwent a five-day adaptation period in the veterinary
hospital before the beginning the assessments. Therefore,
we suspect that the high MGPS scores at TO (pre-surgery)
occurred in the present study were related to the 24h period
of hospital adaptation that was possibly short and thus the
animals were still under the effect of stress when starting
this study. Stress was probably related to hospitalization,
changes in environment, the presence of strange persons,
the unpredictability of events and stimuli that occurs when
animals are brought to a clinical practice (Srithunyarat et al.,
2016).

In the present study, three pain assessment scales were
used and the results obtained demonstrated that MGPS
was significantly influenced by the stress experienced by
animals. This was evidenced by the fact that, at several
assessments time points, animals not subjected to a
painful stimulus displayed values equal or greater than
those of dogs that had undergone surgery. It is important
to highlight that signs of stress in dogs can be subjective,
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variable and can also be manifestations of pain. Examples
include excessive activity, avoidance and hiding from
caretakers, low body posture and vocalization (Lefman &
Prittie, 2019). This could explain, in the present study, the
results of MGPS evaluation, that includes some of these
behavioral observations. Furthermore, rescued dogs tend to
increase the activity of the hypothalamic-pituitary-adrenal
axis, the body’s primary stress-responsive neuroendocrine
system (Willen et al. 2017).

At TO (before sedation/surgery), none of the animals
were under any medication, and they had not experienced
any painful stimulus. Therefore, the presence of high
serum cortisol levels (ug/dL) at TO suggests that they were
displaying a response to stress that was not linked to any
nociceptive stimulus (Freeman et al., 2010; Hekman et al.,
2012; Hellyer et al., 2007; Michelsen et al., 2012; Zanella et al.,
2009). Malm et al. (2005b) and Horta et al. (2015) assessed
pain and stress in dogs subjected to OVH and mastectomy,
respectively, and found no evidence of increased serum
cortisol levels (ug/dL) before surgery, unlike the results
presented in this study.

The fact that the female dogs in the present study came
from shelters and were rescued from streets probably
explains the tendency of higher cortisol (ug/dL) when
compared to other studies, highlighting that in the work
of Malm et al. (2005a, 2005b) the bitches were submitted
to a hospital adaptation for 15 days, and in the study by
Horta et al. (2015), the bitches were domiciled and came
from a hospital routine. Similar results were described
in Srithunyarat et al. (2016) study, when higher levels of
cortisol (ug/dL) seen before surgery could possibly be due
to the white coat effect when the dogs were less accustomed
to the hospital environment.

Hennessy et al. (1997) conducted a study involving
animals from shelters. They found that the animals had
serum cortisol levels (ug/dL) significantly higher than
those of domiciled animals, suggesting that staying in a
shelter causes prolonged activation of the hypothalamic-
pituitary-adrenal axis. This fact can be explained by the
unpredictable nature of the events in these environments,
and the consequent loss of control of the animal over
the events around them, triggering stress in animals
(Shiverdecker et al., 2013; Willen et al., 2017).

Furthermore, the decrease of cortisol levels (ug/dL) in
group 2 (OVH) from T12 (12 h after surgery) may be justified
by the administration of tramadol for analgesia throughout
the hospitalization period for this group. Opioids tend to
have a sedative effect due to CNS depression, reducing
anxiety and pain (Gorniak, 2006; Lamont & Mathews, 2007).
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In the present study, the operated animals (group 2) were
submitted to multimodal analgesic protocol with tramadol
(Cloridrato de Tramadol, Unido Quimica Farmacéutica
Nacional S/A, Jabaquara, Sao Paulo, Brasil), dipyrone and
scopolamine (Buscofin®, Unido Quimica Farmacéutica
Nacional S/A, Jabaquara, Sdo Paulo, Brazil)). Even with mild
pain evidenced in some moments, there was no significant
difference in cortisol (ug/dL) between G1 and G2. Thus, it is
suggested that hospitalization and its inherent factors, such
as manipulation, strangers to the animals, confinement, fear
and anxiety may be more relevant in stress response than
pain or surgical procedure. Matici¢ et al. (2010) conducted
a study comparing different surgical techniques in dogs and
also concluded that plasma cortisol levels (pg/dL) depend
heavily on the patient’s condition and environmental
circumstances.

Although both groups showed increased glycemia (mg/
dL) in T4, the presence of hyperglycemic state observed
only in the average of group 2 (OVH) was possibly due to
nociceptive stimulation, intensifying the stress signals in
these animals. Increased serum cortisol levels (ug/dL) are
also known to lead to increased gluconeogenesis which,
associated with increased circulating catecholamines,
promotes insulin resistance, culminating in hyperglycemia
(Hellyer et al., 2007; Horta et al., 2015; Zanella et al., 2009).

In the present study, increased mean serum cortisol
levels (ug/dL) were found in group 1 (control) at all
assessment times. In group 2 (OVH), they were found at
TO (pre-surgery), T4, and T8. However, hyperglycemia
state was only found in the mean values of T4 in group 2,
suggesting that hyperglycemia has a closer link with pain
than with stress in these animals.

Among the animals evaluated in this study (n = 15), there
was no significant correlation between cortisol (ug/dL) and
glucose (mg/dL) levels (a negative correlation of 0.07 was
obtained using the Pearson correlation test). Equally,
Matici¢ et al. (2010) reported no statistical difference in
glucose levels (mg/dL) in dogs submitted to different surgical
techniques to correct a ruptured cranial cruciate ligament.
Glycemia (mg/dL) was not correlated with other parameters
evaluated and was not considered a good indicator of pain or
stress. Horta (2013) observed hyperglycemic status in dogs
submitted to partial and radical mastectomy, with higher
means in radical mastectomy. He attributed the presence
of hyperglycemic state to nociceptive stimulus, intense
for both techniques and superior in radical mastectomy.
In the current study, a hyperglycemic state was only found
at T4 in group 2 (OVH), suggesting that it was linked with
post-operative pain.
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Conclusions

The VAS and SDS scales were effective and reliable for
pain assessment. Stress was a component that interfered
with the results obtained through MGPS. Cortisol (ug/
dL) was a good indicator of stress in the animals of this
study, being more influenced by the stress of hospitalization
than the painful stimulus related to surgery, considering
the analgesic protocol used. Glycemia (mg/dL) was a
good indicator of pain and a little sensitive indicator
regarding stress in the evaluated animals. Stress was
similar in both groups (control and OVH), indicating
that the hospitalization of the animals was more relevant
in establishing stress than the surgical procedure (OVH)
and associated pain.
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