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Resumo

A elaboracgédo de protocolos anestésicos apropriados é essencial para o bem-estar de
animais selvagens durante um determinado procedimento, assim como para a seguranca de
todos os intervenientes. Existem dados limitados sobre anestesia em quatis. Este estudo tem
como objetivo avaliar a eficacia do butorfanol e da metadona como farmacos analgésicos
durante orquiectomia e ovariohisterectomia em quatis. Trés machos e quatro fémeas (Nasua
nasua) com idades entre 1 a 3 anos, foram divididos aleatoriamente em dois grupos (G1, G2)
e pré-medicados por via intramuscular com: 0,5 mg/kg de midazolam, 5 mg/kg de ketamina,
0,3 mg/kg de metadona e alfaxalona ad affectum (G1) ou 0,5 mg/kg de midazolam, 5 mg/kg
de ketamina, 0,3 mg/kg de butorfanol e alfaxalona ad affectum (G2). Apés a instrumentagéo,
os animais foram induzidos com alfaxalona ad affectum para permitir a intubacéo
endotraqueal. A anestesia foi mantida com 1% de isoflurano em oxigénio. Parametros clinicos,
incluindo frequéncia cardiaca (FC), frequéncia respiratéria (FR), pressao arterial sistolica
(PAS), presséo arterial média (PAM), saturagéo de oxigénio (SpO) e didxido de carbono ao
final da expiragdo (EtCO;) foram recolhidos em pontos de tempo especificos (TO: valor basal,
T1: colocacao pingas cirdrgicas, T2: incisdo da pele, T3: tunicas/incisao abdominal, T4:
primeiro pediculo/incisdo do testiculo, T5: segundo pediculo/testiculo, T6: sutura subcutanea,
T7: sutura da pele). Os tempos perianestésicos também foram registados e incluem: tempo
desde a pré-medicacéao até a perda do reflexo de postura (P1), tempo de inducéo e intubacao
(P2), tempo de cirurgia (P3), tempo total de anestesia (P4), tempo de extubacéo (P5) e tempo
de recuperacgéo (P6). Foi realizada uma analise distributiva dos dados através do célculo da
média e desvio padrao. O tempo necesséario para a sedacdo foi menor no Grupo 2
(15,33£1,24 minutos) em comparagdo ao Grupo 1 (19,75+0,82 minutos). N&o foram
necessarios resgates analgésicos durante a cirurgia. Nas dosagens utilizadas, ambos os
farmacos demonstraram eficicia analgésica intraoperatéria, o que apoia a sua inclusao nos
protocolos anestésicos para procedimentos eletivos em quatis. No entanto, devido ao

pequeno tamanho da amostra, os resultados devem ser interpretados com cautela.

Palavras-chave: Anestesia, Quatis, Metadona, Butorfanol, Cirurgia



Abstract

Appropriate anaesthetic protocols are essential for the welfare of wildlife animals
during a given procedure and for the safety of all subjects. There is limited data about
anaesthesia in coatis. This study aims to evaluate the efficacy of butorphanol and methadone
as analgesic drugs during orchiectomy and ovariohysterectomy in coatis. Three males and 4
females (Nasua Nasua) aged between 1 and 3 years old, were randomly divided into two
groups (G1, G2) and premedicated intramuscularly with: 0.5mg/kg midazolam, 5mg/kg
ketamine, 0.3mg/kg methadone and alfaxalone ad affectum (G1) or 0.5mg/kg midazolam,
5mg/kg ketamine, 0.3mg/kg butorphanol and alfaxalone ad affectum (G2). After
instrumentation, the animals were induced with alfaxalone ad affectum to allow endotracheal
intubation. Anaesthesia was maintained using 1% isoflurane in oxygen. Clinical parameters
including heart rate (RR), respiratory rate (RR), systolic arterial pressure (SAP), mean arterial
pressure (MAP), oxygen saturation (SpO.) and end-tidal carbon dioxide (EtCO2) were
collected at specific timepoints (TO: baseline, T1: surgical clamps, T2: skin incision: T3:
tunics/ abdominal incision, T4: 1%t pedicule/ testicule incision, T5: 2" pedicule/ testicule, T6:
subcutaneous suture, T7: skin suture). The perianesthetic times were recorded as well and
include: time from premedication to loss of standing reflex (P1), time of induction and
intubation (P2), surgery time (P3), total time of anesthesia (P4), extubation time (P5) and
recovery time (P6). A distributive analysis of the data was performed by calculating the mean
and standard deviation. Time required for sedation was shorter in G2 (15,33£1,24min) than
G1 (19,75+0,82min). No analgesic rescues were required during surgery. At the used
dosage, both drugs showed intra- operative analgesic efficacy, advocating their inclusion in
anaesthetic protocols for elective procedures in coatis. Nevertheless, due to the small

sample size, results should be interpreted with caution.

Keywords: Anesthesia, Coatis, Methadone, Butorphanol, Surgery
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Internship Overview

The internship was conducted in two different veterinary clinics and had a total
duration of 6 months. The first 4 months were carried out at the Vetexoticos Veterinary Clinic,

while the remaining two months were conducted at All Pets - Tires Veterinary Clinic.

Vetexoticos — Clinica veterinaria

The Vetexaticos — Clinica veterinéria is located in Feij6, Almada, and is exclusively
dedicated to exotic animals medicine. The internship had a total duration of 4 months, from
October 1% to January 31°%. The proposed schedule consisted of weekly shifts lasting 7 hours.
Additionally, the student would work a 4-hour shift on two Saturdays per month. During the
internship, the student had the opportunity to observe consultations across different areas of
internal medicine, as well as surgeries, diagnostic imaging and giving assistance in the

treatment and care of hospitalized animals.

All Pets — Clinica veterinaria de Tires

The All Pets - Clinica veterinaria de Tires is situated in Tires, in Sdo Domingos de
Rana. This clinic is dedicated consultations, surgery and hospitalization of companion and
exotic animals. The internship took place from March 1%t to April 30" and the proposed
schedule consisted of approximately 6-hour shifts per week. Additionally, every 3 weeks, the
student performed a 7-hour shift on Saturdays. Every Thursday afternoon or Tuesday’s
morning the student had the opportunity to accompany in consultations and surgeries at the
Hospital Veterinario Universidade Luséfona. This internship allowed the integration and
dynamics across different medical specialties applied to exotic species, through observing

consultations, surgeries, imaging exams, and care of hospitalized animals.

Internships’ description

The consultations allowed exposure to various areas of medicine, notably internal

medicine, preventive medicine, emergencies, and imaging.

13



In internal medicine, there was the opportunity to observe and perform the anamnesis,
physical restraint of the animal, physical examination, blood and other samples collection,
wound cleaning etc, as well as engaging in brainstorming sessions with the veterinarian

regarding potential differential diagnoses and treatments.

In preventive medicine, prophylactic procedures were carried out, including
vaccinations and deworming. Additionally, physical examinations and laboratory analyses
(such as hemograms, biochemical profiles, and fecal analyses) were conducted, always from

a preventive perspective.

During emergency consultations, it was possible to observe the actions of the
veterinarians in critical situations, as well as the implementation of the triage system, rapid

anamnesis, and the primary approach (ABCDE protocol) for patient stabilization.

In the field of imaging, there was the opportunity to observe and perform radiological

examinations, as well as ultrasounds and electrocardiograms.

On a laboratory level, the student was able to participate in the execution and
subsequent analysis of some complementary diagnostic tests, such as biochemical analyses,

blood smears, faecal smears, fungal tests, tape test, scrapings, etc.

Regarding hospitalization, there was the opportunity to monitor the hospitalized
animals by performing physical examinations, pain assessments, collecting samples for
laboratory analysis, measuring blood glucose, and performing wound care. Additionally, the
student had the chance to administer medications, provide fluid therapy, insert catheters, offer

feeding assistance, and provide TLC (tender, love, and care).

Surgery allowed the student to participate in patient's monitoring and care from the
pre-surgical phase to the post-surgical phase. In the pre-surgical phase, there was the
opportunity to perform the physical examination and collect blood samples for pre-anesthetic
evaluation and interpretation. Sometimes, the student was also responsible for the sterilization
of surgical equipment, preparing the operating room, preparing and administering anaesthetic
drugs, trichotomy, and ensuring surgical site asepsis. During the surgery, various roles were
undertaken, including that of an anesthetist, circulator, instrument handler, and surgical
assistant. Lastly, in the post-surgical phase, the animal was closely monitored during its stay,
ensuring a successful surgical recovery. This phase involved meticulous monitoring of the
animal's condition, including parameters such as temperature, blood pressure and pain

assessment.

14



During the 6-month internship, a total of 671 clinical cases were observed. Most of
the observed animals were exotic mammals, followed by birds, reptiles, dogs, cats, and finally
amphibians, with only a single case observed. In the record of observed animals, those that

appeared more than once in consultations were considered. Graph 1 depicts this distribution.

1% 1%~ 0.001%

B Exotic Mammals M Birds M Reptiles Dogs M Cats M Amphibians

Graph 1 - Graphic distribution of the animals observed throughout the entire internship period

In Graph 2, the distribution of the cases observed during the curricular internship can
be visualized. The cases were sorted into internal medicine consultations, preventive

medicine, behaviour and management consultations, imaging or surgery.

B preventive Medicine ¥ Internal Medicine B Behaviour and handling

Surgery M Imaging

Graph 2 - Distribution of the different types of cases observed during the internship.
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Regarding surgeries, soft tissue surgeries were the most observed, followed by
odontologic surgeries, beak reconstruction surgeries in birds, turtle shell’ reconstruction

surgeries, and orthopedic surgeries, as depicted in Graph 3.

B Odontology mSoft Tissues MOrtopedics MBeak reconstruction EShell Reconstruction

Graph 3 - Distribution of the different surgery types observed during the internship period.

Throughout the internship, the student had the opportunity to contact with a diverse
range of internal medicine areas. The majority of the observed consultations were in
gastroenterology, dermatology, and oncology, while cardiology and dentistry consultations

were the least frequent.

otology

infectious
i iou 59%

8%
dentistry
3%
Emergency
4%
reproductive
4%

Gastroenterology
18%

oncology
6%

urology
6%
cardiology
2%

dermatology
9%

ophthalmology
0,
neurology

59% endocrinology orthopedia
(J

4% 8%

Graph 4 - Different areas of internal medicine observed during the internship.
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Chapter I- Bibliographic Revision
1- Coatis
1.1- Coatis’ biology

Coatis are arboreal mammals native to the American continent (Silva et al. 2018).
They belong to the order Carnivora, the family Procyonidae, and to two genera, Nasua or
Nasuella (Gonzélez-Maya et al, 2015). The genus Nasua includes the ring-tailed coatis (Nasua
nasua) and white-nosed coatis (Nasua narica), while the genus Nasuella includes mountain
coatis (Nasuella olivacea) (Salémon & Ramirez, 2011). White-nosed coatis (Nasua narica) are
characterized by their abundant geographical distribution in Central America, particularly in
countries such as Mexico and Costa Rica. However, their presence in South or North America
is rare, with only a few records of their presence in the northern region of Colombia and the
southern United States of America (Gonzalez-Maya et al., 2011; Salcedo-Rivera et al.,
2022).The ring-tailed coatis (Nasua nasua), on the other hand, are widely distributed
throughout almost all of South America, with records of their presence from Venezuela to
Uruguay and the northern region of Argentina (Fonseca et al., 2017). Mountain coatis
(Nasuella olivacea), as their name suggests, inhabit mountainous regions and are typically
found at high altitudes, usually above 2000 meters. This makes their geographical distribution
limited to the Andes Mountain region, with records of their presence in countries such as Peru,
Colombia, and Ecuador (Gonzalez-Maya et al., 2015, Helgen et al, 2009;; Hyde et al, 2021).
Both genera are quite similar (Salémon & Ramirez, 2011). They are characterized by their dark
brown fur with a yellowish-white ventral region and a tail with light bands (Geraldene, 2012;
Helgen et al., 2009;). Their faces have a lighter tone compared to their bodies, and Nasua
coatis also have white markings around the orbital region (Helgen et al., 2009; Geraldene,
2012). Their snouts are highly developed and have a darker color, as do their limbs, paws, and
orbital region (Geraldene, 2012; Helgen et al., 2009). The main difference between the two
genera is their size, with Nasuella coatis being smaller. They weigh an average of 1 to 1.5 kg
and have a body length of about 80 cm, including the tail (Medrano-Vizcaino, 2018). Nasua
coatis, on the other hand, are larger, weighing 3 to 6 kg, with a total length of 80 to 130 cm
(Geraldene, 2012). Unlike other members of their family, coatis are characterized by their
diurnal, gregarious, and social habits (Ferreira, 2013). They live in groups consisting of
females and their offspring, while males only joining during the breeding season (Geraldene,
2012). Regarding their diet, they are omnivores, primarily feeding on invertebrates but also
consuming fruits and vertebrates (Beisiegel, 2001; Silva et al., 2018). In the wild, this species
typically lives for about seven years. However, in captivity, their lifespan significantly

increases, with records of coatis (Nasua narica) living up to 17 years of age (Romero &
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Aureli, 2008).

According to the Decreto-Lei n. © 92/2019, in Portugal all individuals of the
Procyonidae family, are considered invasive exotic species, with the potential to cause
negative impacts on ecosystems and threaten the existing biological diversity. As such, the
commercialization, possession, breeding, transportation, or use of these species as pets is
prohibited (Decreto-Lei n. © 92/2019).

1.2-Reproductive characteristics

Regarding their reproductive system, male coatis have two horizontal and ovoid
testicles, located within the scrotal sac (Queiroz et al, 2010). The scrotum hangs between the
perineal and inguinal regions and is pendulous. The testicles are enveloped by the tunica
albuginea. Proximally, are located the spermatic cord and all its constituents, including the
pampiniform plexus, vas deferens, vaginal tunics, and testicular artery and vein. The penis is
suspended between the hind limbs and is composed of the penile bone and penile urethra.
The spongy body surrounds the penile urethra, while the cavernous body comprises the rest
of the penis. Penile vascularization is ensured by the dorsal artery and vein of the penis. Coatis
have only two accessory glands of the reproductive system, the ampulla of the vas deferens
and the prostate, while the bulbourethral and vesicular glands are absent in this species. The
prostate surrounds the urethra and it is globular. It is important to note that sexually immature
male individuals exhibit some differences. In these animals, the penis adheres to the skin of
the abdominal region instead of being suspended, and the scrotum is not pendulous (Franciolli
et al, 2007).

Regarding females, they possess a bicornuate uterus, consisting of two uterine horns,
and macroscopically it presents a pinkish colour. Additionally, the uterus is composed by the
uterine body, which is small in this species, and the cervix, which is highly muscular. The two
ovaries are surrounded by the ovarian bursa. The uterine tube is responsible for transporting
the oocyte from the ovary to the uterus and is composed of three portions: the infundibulum,

ampulla, and isthmus (Mayor et al, 2013).
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1.3- Parameters

1.3.1- Physiological parameters

Coatis are wild species, and as so, there are few reports regarding the normal values
of certain physiological parameters. The few data available demonstrates significant variations

between values.

In the table below (Table 1), a compilation of some clinical parameters [heart rate
(HR), respiratory rate (RR), non-invasive blood pressure (SAP, MAP and DAP), end-tidal
carbon dioxide (ETCOy), oximetry (SPO2)] in coatis (Nasua nasua), retrieved from various
references can be observed. These data are regarding animals previously sedated with one of
the protocols present in the table. Within some papers, clinical data are described in two study

groups.

Table 1 - Clinical Parameters of coatis (Nasua nasua), previously sedated, retrieved from different references (source: Vinyals,
2015; Conforti et al, 2017; Fonseca et al, 2017; Nascimento et al., 2021; Thomas et al, 2021; Kunz et al, 2021).

Anesthetic HR SAP MAP DAP ETCO. SPO, RR

Reference

Protocol (bpm) (mmHg) (mmHg) (mmHg) (mmHg) (%) (mpm)
10u/kg
Dexmedethomidine,
1 0,2 mg/kg 155.2| 1114 n.i* n. i* n. i* n.i*| 674
Nascimento Butorphanpl, 8 mg/kg

Ketamine (IM)
etal, 2021 Xylazine 0,1 mg/kg,
Group Butorphanol 0,2
2 mg/kg, ketamine 8
mg/kg (IM)
10 mg/kg ketamine,
0.3 mg/kg
Thomas et al, midazolam, 0.2
2021 mg/kg methadone
(IM); propofol 4
mg/kg for induction
: 10 mg/kg Tiletamine
gLIE angzglazepam 223 n. i.* n. i.* n. i* n.ix | n.ix 53
2017 (Zoletil)
0.25mL of 1.0%
atropine sulphate;
0.265mL of
Ku%zeial, Detomidine 161 n. i* n. i.* n. i.* n.ix* 87 56
(Dormiun-V®), 2.2mL
of distilled water to a
bottle of Zoletil / 50®)
15 mg/kg Ketamine,
ao0,2
Group | mg/kg midazolam, 5
1 mg/kg pethidine (IM);
Fonseca et al, propofol 5 mg/kg for

2017 induction

173.4| n.i* n.i* n.i* n.i* n.i*x| 994

180 138 n.i* n.i* 32 n.i* 15

217 147 n.i.* n.i.* n. i.x n.i.* 22

15 mg/kg Ketamine,
Group a0z

2 mg/kg midazolam, 5
mg/kg pethidine (IM),

229 151 n. i.* n. i.* n.ix | n.i* 28
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continuous infusion
propofol 4 mg/kg

5mg/kg ketamine, 50

Vinyals, 2015 ug/kg 091 08

medetomidine,0,3mg/
kg methadone (IM)

79 70

32 92

25

n. i.*- no information

1.3.2- Hematologic parameters

Currently, there is no data showing the normal range of haematological values in

Nasua nasua animals. However, data can be extrapolated from related species such as the

white-nosed coati. Rovirosa-Hernandez et al., 2012 conducted a study with the purpose of

obtaining baseline data on the blood chemistry and hematological values of white-nosed coatis

(Nasua narica). For this purpose, 44 coatis in semi-free conditions (animals can roam freely

while being confined in zoological gardens or parks) were utilized. They were captured using

anesthetic darts composed of 3x32mm needles and 3mL syringe each with 10-15 mg/kg of

ketamine hydrochloride (Inoketam®).

Blood work information obtained by Rovirosa-Hernandez et al., 2012 in white-nosed

coatis is summarized in Table 2.

Table 2 - Hematological values from the White-nosed coati (Nasua narica) (source: Rovirosa-Hernandez et al., 2012).

Parameters Males Females
Hemoglobin (g/dL) 10.71 + .43 9.21+.18
Hematocrit (%) 31.84 +1.48 27.86 + .61
Red Blood Cell count (x 106/ulL) 6.54 .27 5.81+.13
Mean Corpuscular Volume (fl) 48.64 + .72 48.03 +.36
Mean Corpuscular Hemoglobin (pg) 16.42 + .31 15.87 +.11
Mean Corpuscular Hemoglobin Concentration (g/dl) 33.79+.34 33.13 +.17
Platelet (x 103/uL) 512.71 +19.55 | 595.43 + 22.07
White blood cell (x 103/uL) 9.48 +.84 8.61 + .43
Monocyte (x 103/uL) 2.42 +.27 2.13+.10
Lymphocyte (x 103/uL) 3.37£.33 272+ .15
Garanulocytes (x 103/uL) 3.69 +.39 3.76 £.30
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1.3.3- Biochemical parameters

Regarding biochemical values, Junior et al, 2017, conducted a clinical study with 10
Nasua nasua individuals aiming to analyse differences in blood parameters in coatis, either

with or without direct exposure to humans to humans.

Biochemistry values obtained from this study are summarized in Table 3. In the
respective table, group 1 corresponds to animals used to human contact, and group 2 to

animals with no direct exposure to humans.

Table 3 - Biochemical values for ring-tailed coatis in which Group 1 correspond to the coatis used to human contact and Group
2 to the ones without human contact. (Source: Junior et al, 2017.)

Parameters Group 1 Group 2
Glucose (mg/dL) | 106,60 +8,65a | 63,80 + 2,40
Triglyceride
(mg/dL) 52,40 £16,86 | 32,00 + 3,97
144,60 +
Cholesterol (mg/dL) | 121,00 + 30,98 23,42
Urea (mg/dL) 25,50 £5,30a | 44,80 £ 6,24b
Ureic Acid (mg/dL) 1,20 £ 0,20 1,62 £0,13
Creatinine (mg/dL) 1,09 + 0,06 0,60 £ 0,25
Total Protein (g/dL) | 7,36 £0,11a 9,42 £ 0,34b
Albumin g/dL 2,94 £ 0,32 3,14 +0,17
Globulin g/dL 4,42 +0,27a 6,27 £0,17b
Albumin/Globulin
relation (mg/dL) 0,69 +0,12 0,50 + 0,02
210,80 =
AST UI/L 200,60 + 45,38 20.86
ALT IU/L 87,80 £20,14 | 98,60 +9,61
Gama GT U/L 11,00 + 2,88 16,60 + 4,83
Alkaline
Phosphatase (U/L) 29,40 + 3,93 33,40 + 3,59
Calcium (mg/dL) 9,52 + 0,59 8,83 £ 0,39
Phosphorous
(mg/dL) 6,30 £ 0,98 5,44 + 0,99
Sericiron pg/DL | 122,76 3491 | Taaon*
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2- Anesthesia

2.1- Importance of Anesthesia in Wild animals

As it happens with other species, increasing our knowledge about anesthesia in wild
species, is becoming increasingly relevant, as they are also subjected to procedures and
interventions, for which sedation or anesthesia might be required (Fowler, 2008; Kunz et al,
2021). These procedures can be varied, from blood sample collection, transportation,
treatment of an injury or iliness, collecting physiological parameters for scientific research or
monitorization purposes, or even surgical procedures (Fowler, 2008; Martini et al., 2017). The
presence of wild species in zoos or sanctuaries is increasingly common. Specifically, regarding
coatis, in 2017, there were records of 1,277 coatis living in captivity, with 936 of them in Europe
(Shora et al., 2018).

Itis also important to consider the growing popularity of exotic species as pets, making
it relevant to increase our knowledge about them (Grant et al., 2017). The elaboration of
adequate anesthetic protocols is essential to guarantee the safety of all intervenients, as well
as the well-being of the animal during a given procedure (Thomas et al. 2021). Despite safety,
it should also be taken in account that the protocol chosen must be the most suitable for the
procedure performed (Fowler, 2008). This becomes even more pertinent since coatis,
regardless of being pets or being in the wild, have a greater potential for aggression compared

to other animals.

2.2- Anesthetic Drugs
2.2.1- Midazolam

Midazolam is a drug belonging to the class of benzodiazepines and is among the most

commonly utilized in veterinary medicine (Liao et al, 2017; Rankin, 2015).

In addition to being used in various species, administration can be both by intravenous
(IV) and intramuscular (IM) vias (Rankin, 2015). The IM administration constitutes a significant
advantage as it facilitates administration in animals without a catheter or those that are
aggressive (Rankin, 2015). When administered IM, midazolam exhibits high absorption and
rapid onset of action (Hopkins et al, 2014). In canines, its bioavailability exceeds 90%, and a

peak plasma concentration occurs within a 15-minut interval (Rankin, 2015).
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Midazolam acts at the level of the neurotransmitter gamma-aminobutyric acid
receptor (GABA receptor), acting as an agonist and bringing diverse benefits at the anesthetic
level (Drees et al, 2015; Kropf et al, 2018). Despite its role as a potent sedative and muscle
relaxant, it also has anxiolytic and hypnotic effects and causes amnesia (Kropf et al, 2018).
Midazolam, as a pre-anesthetic agent, allows for the reduction of other anesthetic drugs’ doses
while also decreasing the minimal alveolar concentration (MAC) (Seddighi et al, 2011).
Moreover, it also presents a synergistic effect when co-administered with propofol or
alfaxalone, and its sedation effect can be amplified when paired with certain drugs such as
opioids (Rankin, 2015; Zapata et al, 2018). In cases of a status epilepticus, midazolam can be
used as a first-line drug due to its anticonvulsant properties (Kropf et al, 2018).

As such, midazolam is deemed a safe drug with no significant cardiovascular side
effects (Drees et al, 2015; Hopkins et al, 2014). Occasionally, upon administration, a slight
tachycardia and cardiac output decrease may occur (Drees et al, 2015). Nevertheless, these
effects are usually minimal and often associated with higher doses (Drees et al, 2015; Rankin,
2015) Additionally, due to its action on vasomotor centres, a decrease in blood pressure may
occur post-administration (Rankin, 2015). Furthermore, midazolam can induce ataxia,

hypersalivation, and profound weakness (Hopkins et al, 2014; Zapata et al, 2018)

When used as a sole anesthetic agent, it can lead to the onset of an excitatory state
in dogs during the induction period. The most common reactions include agitation, noise
sensitivity, restlessness, aggression, drooling, licking and vocalization (Simon et al, 2014).
Hence it should be administered in combination with other drugs, thus favouring a multimodal
approach. (Hopkins et al 2014; Zapata et al, 2018). An example of this is the association of
midazolam and ketamine. This association of drugs is frequently administered as it results in
a decrease in excitatory effects (Allerton, 2020). Midazolam, in cats has a much less potent
effect, potentially causing ataxia or excitement, especially at higher doses (Kanda & Hikasa,
2008; Rankin, 2015).

In dogs and cats, the recommended dose range for Midazolam is 0.2—0.3 mg/kg IV
for sedation (Allerton, 2020).

Reference doses of midazolam used in coatis range from 0.2 to 0.5 mg/kg IM
(Fonseca et al, 2017; Martini et al, 2017; Minto et al, 2017; Thomas et al, 2021).
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2.2.2- Alfaxalone

Alfaxalone is a neurosteroid, which use as an anesthetic induction agent has been
increasing in veterinary medicine (Liao et al, 2017; Zapata et al, 2018). It is characterized by
providing good anesthetic induction leading to muscle relaxation and neurological depression
without causing significant cardiovascular effects (Tamura et al, 2015; Zapata et al, 2018).
Alfaxalone primarily acts by binding to the type A GABA receptors on the cell surface. This
leads to the modulation of chloride transport across neuronal cell membranes, inducing cell
hyperpolarization and decreasing the propagation of neuronal impulses (Ahmad et al, 2019;
Tamura et al, 2015).

Its use has already been reported in various species, including cats and dogs but also
exotic animals such as marmosets, goldfish, Yellow-Bellied Sliders, guinea pigs, black-tailed
prairie dogs, and others (Alvarez et al, 2022; Castafier et al, 2023; Hiebert et al, 2022;
Leonardi et al, 2019; Morici et al, 2021; Thomas et al, 2012). It can be administered both
intravenously and intramuscularly (Benedetti et al, 2018). However, IM route is not authorized

in all countries (Marin et al, 2020).

The sole use of alfaxalone in anesthetic protocols has been reported, however, its use
in combination with other drugs such as opioids or benzodiazepines is proven to be more
effective and beneficial (Allerton, 2020; Seo et al, 2015; Tamura et al, 2015). The use of multiple
drugs allows a reduction in the dose of alfaxalone during induction, which contributes to
decreasing the incidence of potential side effects caused by it, both during the anesthetic
period and in the recovery phase (Seo et al, 2015; Tamura et al, 2015).

Ribas et al. (2014), reported that the use of alfaxalone, along with butorphanol in cats,
led to deep sedation and rapid anesthesic induction, without clinically relevant cardiovascular
changes (Ribas et al, 2014). However, despite causing fewer cardiovascular effects compared
to propofoal, it still might still lead to a slight tachycardia and hypotension in supraclinical doses.
(Casoria et al, 2023; Castafier et al, 2023). Alfaxalone, also might cause respiratory
depression, that may progress to apnea and lead to hypoxia (Muir et al, 2008; Seo et al, 2015).
It is suspected rapid IV administrations of alfaxalone might increase the prevalence of
respiratory depression and apneas (Benedetti et al, 2018). During the recovery period,
alfaxalone can also cause some adverse effects, including limb paddling, noise sensitivity, or
excitement (Zapata et al. 2018). According to Zapata et al. (2018), these effects can be
reduced, and sedation can be enhanced during the anesthetic period if alfaxalone is

administered prior to midazolam (Zapata et al, 2018).
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Regarding dosage, this drug has a wide safety margin (Castarier et al, 2023). In dogs,
to induce deep sedation, the dose of alfaxalone should be 3 to 4 mg/kg IV. However, if used in
combination with other drugs, the dose can be reduced up to 2 mg/kg. (Allerton, 2020;

Castafier et al, 2023). In cats, the dose range is from 2 to 5 mg/kg IV (Allerton, 2020).

To the author's knowledge, there are no references about alfaxalone use in coatis for
anesthetic purposes. However, in a study conducted by Ahmad et al., the use of a of 5 mg/kg
dose was reported in common palm civets (Paradoxurus musangus) (Ahmad et al, 2019).

2.2.3- Ketamine

Ketamine is a drug derived from phencyclidine (Arenilla et al, 2021). It is frequently
utilized in anesthetic protocols due to its properties as an anesthetic agent, providing
dissociation, sedation and analgesia (Arenilla et al, 2021). It comprises two isomers, R (-) and
S (+), with the latter demonstrating greater analgesic efficacy (Posner et al, 2018).
Formulations containing solely the S (+) isomer are also available for veterinary medicine use
(Casoni et al, 2015; Larenza et al, 2009).

Its mode of action occurs at the level of N-methyl D-aspartate (NMDA) receptors,
which are related to nociception (Khaleghi et al, 2023; Solano et al, 2006). Ketamine exerts a
non-competitive antagonistic action on these receptors, preventing the amino acid glutamate
from binding to them (Ko et al, 2023; Saberfard et al, 2022). This inhibition of NMDA receptors
located in the cortex, subcortical regions, thalamus, and brainstem leads to a decrease in the
hippocampus and thalamocortical pathway activity, causing a state of general anesthesia (Ko
et al, 2023). On the other hand, the administration of low doses of ketamine results in reduced
activity in the hippocampus but increased thalamocortical pathway activity, as it only inhibits
NMDA receptors in the cortex and subcortical regions (Ko et al, 2023). This results not only in

a dissociative state but also excitation (Ko et al, 2023).

Ketamine can be administered both via IV and IM (Posner 2018). Its administration
extends beyond dogs and cats and can be given to various species (Posner 2018). There are
reports of its administration in exotic animals, including coatis (Fonseca et al, 2017; Martini et
al, 2017; Minto et al, 2017; Silva et al, 2018; Thomaz et al, 2021)

The use of this drug in anesthetic protocols offers several benefits. One of them is,

providing good analgesia, which effect may last longer than its anesthetic effect (Saberfard et
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al, 2022; Ko et al, 2023). It is also a good option for chemical restraint when administering to

wild or refractory animals (Posner et al, 2018).

One of the most notable side effects of ketamine is muscular rigidity and the possible
onset of spontaneous movements (Arenillas et al, 2021; Khaleghi et al, 2023; Pascoe &
Steffey, 2018). Additionally, the use of ketamine does not inhibit cranial and swallow reflexes,
which not only complicates endotracheal intubation but can also lead to laryngospasm and
cough (Imboden et al, 2023; Posner et al, 2018). To mitigate these effects, ketamine should
be co- administered with other drugs capable of muscle relaxation, such as benzodiazepines
or a2 - agonists (Khaleghi et al, 2023; Posner et al, 2018). Ketamine also leads to a decrease
in the reuptake of norepinephrine in presynaptic nerves due to stimulation of the
sympathomimetic system, which might result into the appearance of tachycardia and
hypertension (Imboden et al, 2023; Khaleghi et al, 2023; Ko et al, 2023).

On top of that, it can also cause respiratory depression or an apneustic pattern of
breathing (Posner et al, 2018). These respiratory effects are commonly associated with high
doses or rapid IV administrations (Posner et al, 2018). The respiratory depression might also
be exacerbated when ketamine is combined with other respiratory depressant drugs (Posner
et al, 2018). Other side effects include hypersalivation, vomiting, vocalizations, and
hypertonicity (Arenillas et al, 2021; Khaleghi et al, 2023; Posner et al, 2018). In certain
species, it can also lead to excitement and dysphoria, as in the case of horses (Arenillas et al,
2021; Ko et al, 2023; Pascoe & Steffey, 2018).

Its use is contraindicated in patients with glaucoma, cardiac pathologies where
increased myocardial function may cause decompensation, severe hypertension, or increased

intracranial pressure (Posner et al, 2018).

In dogs, ketamine doses range from 2 to 5 mg/kg IV and 5 to 10 mg/kg IM. For cats,
the dosage range is from 5 to 10 mg/kg, both IV and IM (Posner et al, 2018). These doses are
established for multimodal protocols where ketamine is co-administered with other drugs,
namely benzodiazepines or a2 -agonists (Posner et al 2018). Various doses have been
reported in coatis, ranging from 8 to 20 mg/kg IM, according to (Fonseca et al, 2017; Matrtini
et al, 2017; Minto et al, 2017; Nascimento et al, 2021; Thomaz et al, 2021).
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2.3-Opioids
2.3.1- Opioid Receptors

Opioid receptors are G-protein-coupled receptors. They are present not only in the
central nervous system but also in other tissues such as the vas deferens, gastrointestinal tract
and heart, although in smaller quantities (Pathan & Williams, 2012). These opioid receptors
interact with specific peptides naturally found in the body, known as endogenous opioids. The
combined interaction of these receptors and peptides triggers a natural physiological response,
including pain modulation (Kukanich & Papich, 2018). There are three distinct types of opioid
receptors: mu (), kappa (k), and delta (8). They may also have other designations, as the p
receptors are also referred to as OP3 or MOR receptors, while k and 6 receptors are known
as OP1 or KOR and OP2 or DOR receptors, respectively (Trescot et al, 2008). Different
endogenous opioids have specific affinities for particular receptor types. y Receptors have a
higher affinity for B-endorphin, k receptors for Dynorphin A, and 0 receptors exhibit a strong
affinity for Leucine- and methionine-enkephalin (Kukanich & Papich, 2018). Recent studies
suggest the possible existence of subtypes of opioid receptors, although this requires further
scientific research, as a consensus on this topic has not yet been reached (Pathan & Williams,
2012; Kukanich & Papich, 2018).

2.3.2- Opioids’ pharmacology

Opioids are drugs that bind to opioid receptors and can be classified based on their
interactions with these receptors (Pathan & Williams, 2012). They can be categorized as
agonists, partial agonists, agonist-antagonists, or antagonists (Quintavalla et al, 2022). Full
agonist opioids bind to opioid receptors, stimulating them and causing a full effect. Partial
agonists work similarly to full agonists but produce a milder effect compared to full agonist
opioids. Additionally, they often exhibit a ceiling effect, which means that after a certain dose,
increasing the dosage further will not yield additional effects (Kukanich & Wiese, 2015).
Agonist-antagonist opioids are characterized by their antagonistic effect on the p receptor but
a strong agonistic effect on the k receptor (Trescot et al., 2008). On the other hand, antagonist
opioids have a strong affinity for receptors but do not produce any effects. However, because
the antagonist is binding to the receptor, it prevents the binding of other drugs, inhibiting their
effects (Kukanich & Wiese, 2015). Full agonist p opioids provide deep and strong analgesia.

Partial p agonists, on the other hand, due to their weaker effect, are more suitable for treating
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moderate pain or in cases where full agonist opioids might cause dysphoria or excitement
(Kukanich & Papich, 2018).

It's important to note that the potency of an opioid is not synonymous with
effectiveness. A potent opioid is one that can achieve the desired effect with the lowest dose.
However, this consideration doesn't consider the duration of the effect and potential adverse
effects or reactions. This means that a less potent drug might be a better choice if it presents

a longer duration of action and fewer adverse effects (Kukanich & Wiese, 2015).

The opioids can be administered through various routes, with the most common ones
being intramuscular, subcutaneous (SC), and intravenous (Simon and Steagall, 2016). Other
routes, such as oral or rectal, are also a possibility, however, they are less effective. This is
because, through these routes, bioavailability and plasma concentrations are lower due to
hepatic first-pass metabolism. Nasal or oral transmucosal routes can bypass first-pass hepatic
metabolism but have other disadvantages, such as the amount of drug that can be
administered, the frequency of administration, and irritation of the mucous membranes
(Kukanich & Papich, 2018).

The main advantages of opioid usage include strong analgesia, sedation, minimal
vascular effects, and antitussive properties (Kukanich & Papich, 2018; Mwangi et al, 2018).
They can also be reversed, which is a significant benefit (Kukanich & Papich, 2018). These
characteristics contribute to these opioids being considered relatively safe drugs (Simon &
Steagall, 2016). On the other hand, opioids are associated with adverse effects, especially
during recovery or in the post-operative phase (Mwangi et al, 2018). This includes
hypoventilation, urinary retention and emesis (Peterson et al, 2014). Hypoventilation is a
consequence of respiratory depression due to the depression of medullary ventilatory control
centres, resulting in a reduced response to increased partial pressures of carbon dioxide.
Emesis, on the other hand, its more common when morphine or hydromorphone is used (Koh
et al, 2014). This can occur due to activation of the chemoreceptor trigger zone (CRTZ) and
central dopamine receptors, that stimulate the vomiting centre, as well as gastrointestinal
hypomotility and increasement of vestibular sensitivity (Koh et al, 2014). Some opioids
however, such as butorphanol and methadone, may have antiemetic effects by inhibiting the
vomiting centre (Kukanich & Wiese, 2015). Even so, the potential antiemetic effect of these
opioids, depend on its type, dose, and administration route (Kukanich & Wiese, 2015).
Sometimes, bradycardia may be a side effect of opioid usage in dogs, due to a secondary
vagotonic effect. Dogs however can compensate for this, in a way that doesn’t decrease the

cardiac output, and anticholinergic drugs are usually not necessary. Bradycardia’s occurrence
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varies depending on factors, such as the animal species, the specific opioid agent used, and
the dose administered (Kukanich & Papich, 2018).

All these diverse systemic effects are justified due to opioid receptors wide
distribution and location throughout the body (Pathan & Williams, 2012). When performing
surgical procedures, opioids alone are not sufficient to provide an adequate anesthesia, and a
diverse protocol is always required. This is because Ad nociceptors, responsible for acute and
localized pain, are not effectively affected by appropriate opioid doses. Opioids primarily act
on C fiber nociceptors, which are characterized by slower conduction and are responsible for
diffuse and dull aching pain (Kukanich & Papich, 2018).

2.3.3- Methadone

Methadone is a drug belonging to the opioid group, being classified as a synthetic
pure opioid agonist (Kukanich & Wiese, 2015). It acts as an u opiod agonist and N-methyl-D-
aspartate (NMDA) receptor antagonist (Warne et al., 2013). It's methadone’s action in this last
receptor, that decreases tolerance from developing opiate related effects (KuKanich & Papick,
2018). Its composition consists of two enantiomers, S-methadone (d-isomer) and R-
methadone (l-isomer) (Bortolami et al., 2012; Kapur et al., 2011). The d-isomer acts on the
NMDA receptor antagonizing it. The l-isomer in turn has an agonist action on opioid receptors,
being the principal responsible for the analgesic effect (Bortolami et al., 2012; Fishman, 2002).
Methadone also promotes blockade of nicotinic cholinergic receptors a3p4 (Warne et al.,
2013). It's the combination of all these action mechanisms that make this drug have such a
strong analgesic effect, being therefore indicated in the treatment of chronic or severe pain
(Warne et al., 2013). In addition to its strong analgesic effect, methadone also presents
antitussic properties, as well as dose dependent sedation (Kukanich & Wiese, 2015; Trimble
et al., 2018). Consequently, methadone’s integration as part of pre-anesthetic protocols, in
association with other anesthetic drugs, has become increasingly prevalent (Slingsby et al.,
2015). An advantage of methadone compared to other opioids, such as morphine, is that it
presents less neurotoxicity (Fishman. S, 2002). This is due to the fact that, it does not lead to
the production of metabolites (Cardozo, 2014; Monteiro et al., 2008). However, being
methadone an opioid, it still presents some adverse effects (Amon et al., 2021). These are
characterized by bradycardia, sedation and hypothermia (Amon et al., 2021). A dose
dependent respiratory depression might occur as well, however often can be avoided if the
appropriated dosages are respected (Cardozo et al, 2014; Kukanich et al, 2018). Less

frequently, it also might cause, dysphoria, panting, hypotension, decreased cardiac output and
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increased systemic and coronary vascular resistance (Monteiro. E et all., 2008). Contrary to
what happens with other opioids, vomiting and nausea do not seem to be side effects, following
methadone administration. (kukanich et al., 2005; Monteiro et all., 2008). This might be due to
its effect in inhibiting the vomiting center (Kukanich & Wiese, 2015).

Contrary with what happens in humans, methadone in canine species presents high
clearance rate, being therefore eliminated from the body faster (Maiante et al, 2009). Scientific
studies conducted in dogs, indicate also that the elimination half-life in this species is short,
varying between 1.75 and 4.33 hours when administered IV ou SC, in the dosage of 0.5 mg/kg
(Kukanich et al., 2005). However, this is still a longer elimination half-life time, compared to
what is observed when the same dosage of morphine is administered IV (Credie et al., 2010).

Since methadone has a high oral bioavailability in humans, the oral route is one of the
most commonly used (Alinejad et al, 2015). In dogs and cats however, methadone exhibits a
lower oral bioavailability, making the IM, IV and SC administration routes the best
administration options (Kukanich & Papich, 2018). In a study carried out by Ingvast-Larsson et
al, (2010) it was observed that IV methadone administration, has a smaller terminal half-life
(3.9 = 1.0 hours) compared with the SC administration (10.7 + 4.5 hours). Additionally, was
noted that SC administration, despite having a longer terminal half-life, less plasma fluctuations
and a higher bioavailability, presented a smaller maximal plasma concentration (Cmax) in
comparison with 1V administration (Ingvast-Larsson et al, 2010). In another study, conducted
by Ferreira et al, (2011) the oral transmucosal efficiency was evaluated in cats (Ferreira et al.
2011). It was concluded that administration by this route at a dose of 0.6 mg/kg results in a
lower Cmax peak, but a lasting antinociceptive effect, of 4 hours, making this route a

considerable option for perianesthesic administration in cats (Ferreira et al. 2011).

Regarding dosages, methadone should be administered in the dose of 0.1-0.5 mg/kg

IM or 0.1-0.3 mg/kg IV., both for dogs and cats, to provide adequate analgesia (Allerton, 2023).

In coatis (Nasua nasua), to the author’s knowledge, there are two report of methadone
usage in which the doses used were of 0,2 mg/kg and 0.3 mg/kg IM (Thomas et al, 2021;
Vinyals et al, 2015).

2.3.4- Butorphanol

Butorphanol is a drug classified as an opioid, more specifically a mixed

antagonist/agonist opioid, due to its agonist action in the k receptors, and antagonist action in
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the u receptors (Murdock et al, 2020). It has an onset of action of 10 to 15 minutes, yet a small
antinociception duration of about 1 to 3h (Warne et al., 2013) (Johnson et al. 2007).
Butorphanol possesses sedative, analgesic, and antitussive properties (Kukanich & Papich,
2018). It can be administered by the oral (PO), intravenous, subcutaneous, and intramuscular
routes, with the latter being the most commonly used (Wells et al., 2008). Oral administration,
although less common due to its reduced bioavailability and consequently lower analgesic
efficacy, is the preferred method when seeking antitussive action (Kukanich & Papich, 2018).
Similar to methadone, butorphanol also demonstrates a Ceiling Effect, where higher doses do

not result in further antinociceptive effects (Leppénen et al., 2006; Wells et al., 2008).

In comparison to other pure p agonist opioids, butorphanol exhibits less respiratory
depression, bradycardia, as well as cardiovascular effects (Cho et al., 2023; Gultiken et al.,
2022). However, some possible adverse effects of butorphanol administration include
sedation, dysphoria, decreased gastrointestinal motility, constipation, and mydriasis (only in
cats). These effects are more common when the appropriated dosages are not respected, or
animals present some preexisting health condition (Kukanich & Papich, 2018).

Wells et al, (2008), conducted a study on the pharmacodynamics of butorphanol,
when administered intramuscularly in cats. This study revealed that butorphanol is rapidly
absorbed, taking approximately 0.35 + 0.14 hours to reach peak concentration. The mean peak
concentrations were 132.02 £+ 87.35 ng/mL, and the terminal half-life was 6.28 + 2.77 hours
(Wells et al., 2008).

For both dogs and cats, the recommended dosage is 0.2-0.5 mg/kg IV/IM/SC to
provide analgesia (Allerton, 2023). Due to the ceiling effect, dosages above 0.8 mg/kg, don’t
produce any further effects (Kukanich & Papich, 2018). Additionally in dogs, butorphanol can
be administered in the dose of 0.05-0.1 mg/kg IV/IM/SC for its antitussic properties (Allerton,
2023).

Regarding coatis (Nasua nasua), three studies were found describing buthorphanol
administration. The doses used ranged from 0,1 to 0,35 mg/kg IM (Fehr et al, 2018; Georoff et
al, 2004; Nascimento et al, 2021).

2.4- Anesthesia in Coatis

Regarding venous accesses in this species, the cephalic and saphenous veins are

the most commonly used for catheterization (Fonseca et al., 2017; Minto et al., 2017; Thomas
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et al., 2021). Fonseca et al. (2017) reported the use of a 22G catheter for cephalic vein
cannulation in coatis, while Vinyals et al. (2015) documented the use of a 24G catheter
(Fonseca et al., 2017; Vinyals et al., 2015). As for endotracheal intubation, Vinyals et al. (2015)
reported using a 4.5 mm endotracheal tube (Vinyals et al., 2015). However, there are few
records of this procedure being performed in this species, and there are no reports regarding

specific challenges or difficulties that may arise.

Concerning anesthetic protocols for coatis, there is a significant lack of information.
This is due to the fact that keeping coatis as pets is prohibited in many countries, and the

majority of studies conducted on this topic involve animals from the wild (Vinyals et al, 2015).

Given that there is no single drug capable of ensuring a good anesthetic plan,
combinations of various drugs that act synergistically are commonly used (Kunz et al., 2021).
This approach allows for the reduction of the dose of each drug and, consequently, their
adverse effects, while benefiting from the advantages of each (Pascoe and Steffey, 2018). This
becomes even more relevant since the use of a single drug may induce a state of
unconsciousness and immobility without altering nociception capacity, potentially leading to
increased pain and longer recovery time (Pascoe and Steffey, 2018).

In anesthetic protocols for coatis, the drug classes most frequently administered in
pre-medication include alpha-2 adrenergic agonists, benzodiazepines, dissociative agents,
and opioids (Fonseca et al., 2017). Alpha-2 adrenergic agonists provide muscle relaxation and
good sedation and analgesia, while opioids offer a superior analgesic effect and some sedation
(Kunz et al., 2021). Dissociative agents, in turn, lead to a change of awareness and in some
species sedation as well as analgesia (Tranquilli & Grimm, 2015). They also have a wide
safety margin, and their use is particularly beneficial in the case of fractious animals (Pascoe
and Steffey, 2018).

Among the alpha-2 adrenergic agonists, xylazine is very commonly described in
coatis. Although its use has been decreasing, there are several records of its use in coatis
(Barros et al, 2009; Freitas et al, 2008; Nascimento et al, 2021; Martini et al, 2017; Queiroz et
al, 2010; Silva et al, 2018). Its administration is often combined with opioids or dissociative
agents to generate a neuroleptanalgesic effect (Tranquilli and Grimm, 2015). It is frequently
administered in conjunction with ketamine (Barros et al, 2009). Xylazine has some advantages
as it produces muscle relaxation and sedative and analgesic effects (Nascimento et al., 2021).
However, the use of this drug is associated with an increase in certain undesirable effects such
as bradycardia, hyperglycemia, transient hypertension followed by hypotension, and increased

urine volume (Nascimento et al., 2021).
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In a study conducted by Matrtini et al. 2017, where different anesthetic protocols were
compared in coatis, it was found that groups receiving xylazine exhibited cardiac instability
with an increased incidence of sinus arrhythmias as well as bradycardia, compared to other
groups (Martini et al.,, 2017). In this study, xylazine was administered in combination with
ketamine at doses of 2 mg/kg and 10 mg/kg, respectively (Martini et al., 2017). Another article
by Nascimento et al. compares the use of dexmedetomidine and xylazine in association with
butorphanol and ketamine in coatis (Nascimento et al., 2021). It was concluded that despite
both protocols being safe, the use of dexmedetomidine is more effective compared to xylazine,
as it provides a longer sedation time, better anesthetic quality, and good anesthetic recovery
(Nascimento et al., 2021).

At times, instead of alpha-2 adrenergic agonists, the administration of
benzodiazepines is chosen as they provide greater cardiovascular stability (Fonseca et al.,

2017). In coatis, the most commonly used benzodiazepines are midazolam and zolazepam.

Midazolam is commonly used in anesthetic pre-medication since, it can be
administrated intravenously, but is also rapidly absorbed via intramuscular administration. It
has minimal cardiovascular effects, potentially causing only slight bradycardia and a decrease

in blood pressure (Rankin, 2015).

Zolazepam, in turn, is also a common choice as part of anesthetic protocols. However,
its commercial formulations are already combined with the dissociative agent tiletamine,
making individual administration not possible (Pascoe and Steffey, 2018). The fact that these
two drugs exist only in combination allows to reduce the dose of each one, while still benefiting
of the sedative effects of each (Pascoe and Steffey, 2018). It may result, however, in a longer
duration of effect than the desired (Pascoe and Steffey, 2018). Also, in case an anesthetic
reversal is needed, this combination of drugs presents another disadvantage (Posner, 2018).
This is because it is only possible to reverse zolazepam, so if significant amounts of tiletamine
are still present in the blood plasma, it may result in a poor recovery (Posner, 2018). It is
important to note that in cats, tiletamine’s duration of action is shorter than of zolazepam,
whereas in dogs, the opposite is true (Pascoe and Steffey, 2018). To date, there is no
information available for coatis regarding which drug exhibits a longer duration of effect.
Regarding its efficacy as an anesthetic in coatis, this drug combination leads to a reduced
induction time and low incidence of vomiting or nausea (Conforti et al., 2017). However, it may
result in hypersalivation and hypothermia, as well as a prolonged recovery time (Conforti et
al., 2017; Martini et al., 2017).
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Regarding dissociative agents, ketamine is the most commonly used in coatis (Kunz
et al., 2021). It has a wide safety margin in healthy animals and its usage is recommended for
animals in which restraint and control are limited (Posner, 2018). This is attributed to its rapid
induction of a general anesthetic state, leading to a fast and safe chemical restraint of the
animal (Nascimento et al, 2021; Pascoe and Steffey, 2018). As coatis are considered a wild
species with limited tolerance for manipulation, the use of dissociative agents becomes an
important component of anesthetic protocols (Pascoe and Steffey, 2018). However, a
disadvantage of this drug class, is that in certain species, it may lead to central nervous system
excitement and, in more extreme cases, seizures (Pascoe and Steffey, 2018). It can also result
in muscle rigidity, necessitating administration alongside benzodiazepines or alpha-2
adrenergic agonists (Barros et al., 2009, Nascimento et al., 2021).

Finally, regarding opioid usage in coatis, there is little information available. There are
a few mentions to the usage of butorphanol, morphine, methadone and fentanyl, mainly as
part of anaesthetic pre-medication or an analgesic rescue during surgical procedures (Mintos
et al, 2017; Thomaz et al, 2021). Although, its usage appears safe and might benefit the

anaesthetic protocols more information is needed.

Concerning drug’s dosages, little information exists regarding coatis. There is a
scarcity of specific data, being often necessary the extrapolation of doses from other species
(Kunz et al, 2021). The raccoon, being in the same family as coatis and more commonly kept
as a pet, is a frequently used species for such extrapolations, providing valuable insights into
anesthesia (Vinyals, 2015). Additionally, dogs serve as another model for dose extrapolation
(Fonseca et al, 2017; Kunz et al, 2021).
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3- Objectives

The aim of this study was to understand the analgesic efficacy of the opioids
butorphanol and methadone at various anesthetic moments in elective surgeries in coatis, by

answering to the following questions:

o What's the influence of these drugs on cardiopulmunary parameters during elective
reproductive procedures?

o How long do anaesthetic and surgical last when these drugs are administered?

This study aimed to demonstrate that these two drugs, besides being safe in this
species, also provide good analgesia, thus making them a suitable option for invasive
procedures. To the author's knowledge, there is no literature regarding the efficacy and effects
of these two drugs as part of anesthetic protocols in this species.
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Chapter

1- Materials and methods

This study was submitted to the Ethics Committee of the Lus6fona University (FMV-
ULHT) for appreciation under the process n. 89/2018. Besides internal validation, there was
also an informed consent signed by the responsible of the sanctuary where the animals
belonged. All procedures were conducted in accordance with the Standard Operating
Procedures and ethical guidelines for animal welfare outlined in the Deontological Code of
FMV-ULHT. The reason behind the procedure was behavioural and control of the exotic
species in agreement with the European Law for exotics species control and conservation
(Regulation (EU) N° 1143/2014).

1.1- Study Population

For this study, seven adult coatis (Nasua nasua) were used, of which four were
females and three males. These animals came from sanctuaries and ranged in age from 1 to
3 years old. For this study, the animals were randomly distributed into two groups, Group 1
(G1) or Group 2 (G2) and were submitted to the elective procedures of ovariohysterectomy
and orchiectomy. G1 and G2 differed only in the opioid used in pre-medication, being that

animals in G1 received methadone and the ones in G2 received butorphanol.

1.2- Inclusion and exclusion criteria

This study focused exclusively on animals belonging to the Nasua nasua species, as
so, only animals belonging to this specie were included. All the candidates had to be eligible
for orchiectomy or ovariohysterectomy, thus, only sexually mature animals over 1 year of age
were included. Upon arrival at the veterinary hospital and prior to the surgical procedure, all
animals underwent a physical examination and hematological and biochemical analyses. Only
animals with normal results in these examinations, and classified according to the American
Society of Anesthesiologists (ASA), as ASA | in terms of anesthetic risk, were included in the

study.

Any animals showing clinical signs or diagnosed with chronic or ongoing diseases

were excluded, as well as, if presenting any abnormalities in pre-anesthetic bloodwork.
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1.3- Clinical Protocol

All the animals were distributed into two groups (G1 or G2). G1 consists of two
females and two males, while G2 consists of two females and one male. Animals in G1
received methadone and the ones in G2 received butorphanol. Different parameters including
heart rate, respiratory rate, systolic arterial pressure, mean arterial pressure, diastolic arterial
pressure, oxygen saturation and end-tidal carbon dioxide, were collected at specific timepoints
during the procedures. The time points used for data collection were: surgical clamps (T1),
skin incision (T2), tunics/ abdominal incision (T3), 1% pedicule/ testicule incision (T4), 2"
pedicule/ testicule (T5), subcutaneous suture (T6), skin suture (T7). The perianesthetic times
were recorded as well, and include: time from premedication to loss of standing reflex (P1),
time of induction and intubation (P2), surgery time (P3), total time of anesthesia (P4),
extubation time (P5) and recovery time (P6). The following diagram represents all the steps
carried out during the clinical protocol.

& | 7 coatis (Nasua nasua) |

5

4 females and 3 males | | 1 to 3 years old

|

| Division in two groups |

| |

G1 G2

Midazolam 0.5 mg/kg IM Midazolam 0.5 mg/kg IM
Ketamine 5mg/kg IM Ketamine 5mg/kg IM
Methadone 0.3 ma/kg IM Buthorphanol 0.3 mg/kg IM

!

Physiological parameters
HR, RR, SAP, MAP, DAP, SpO2 and EtCO2

| Study population |

Protocol

Anesthetic duration TO- Baseline

_— — 5 | T1- Surgical clamps

P1- time from premedication to loss of T2- Skin incision -
T3- Tunics and Abdominal incision
T4- 15 Pedicule or Testicule incision

Monitorization

standing reflex

P2- time of induction and intubation T5- 2 Pedicule or Testicule incision
) T6- Subcutaneous suture
P3- surgery time T7- Skin suture

P4- total time of anesthesia

P5- extubation time

P6- recovery time

Figure 1 - Diagram representing the clinical protocol. HR- heart rate; RR- respiratory rate; SAP- Systolic
arterial pressure; MAP- Mean arterial pressure; DAP- Diastolic arterial pressure; ETCO2- end-tidal
carbon dioxide; SPO2-oxygen saturation.
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1.4- Pre-anaesthetic preparation

Food was withheld 8h prior to surgery. Blood analyses (complete blood count and
biochemical profile) and physical examination were performed after pre-medication due to the
feral nature of the animals. Baseline values (HR, SPO,, ETCO,, MAP, SAP, DAP and RR) were
taken right after the loss of standing position, after pre-medication. These baseline values
served as references to assess changes in the parameters during the different phases of the
surgery. After confirming the health status, the animals were prepared for surgery.
Paramentation started with pre-oxygenation with 100% oxygen using a face mask and
flowmeter settings at 4L/min. A pulse-oxymeter was constantly used to check the pulse rate
and SpO.. First, the fur was clipped on the front left limb for vascular access and after proper
aseptic technique, a 22G cannula (Introcan ®, BBraun,, Germany) was inserted in the cephalic
vein. This venous access allowed the injection of induction agents and crystalloids (Lactated
Ringers [BBraun, Portugal) for fluid therapy (5 mL/Kg/h). The fur on the ventral abdomen was

also clipped, followed by skin cleaning and asepsis.

B
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Figure 2 - Illustrative figure of the catheterization of one of the coatis
of this study, in the cephalic vein. Photographs provided by Dr. Rui
Patricio.

1.5- Anesthetic protocol

Each group received a different anesthetic protocol. G1 received IM methadone
(Semfortan ® 10mg/ml, Dechra, The Netherlands) (0.3 mg/kg) as part of the anaesthetic
protocol, while G2 received IM butorphanol (0.3 mg/kg, Tuborgesic, Zoetis, Spain). The rest of
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the protocol was identical for both groups. Pre-medication included the administration of
midazolam (Dormazolam® 5 mg/ml, Dechra, The Netherlands) (0.5 mg/kg), ketamine
(Nimatek®, Dechra, Bladel, The Netherlands) (5 mg/kg), and either metadone or butorphanol,
all given via IM. Induction was performed using alfaxalone (Alfaxan® 10mg/ml, Jurox, Ireland)
(1-2 mg/kg) intravenously (V) ad effectum to allow loss of mandibular tonus and swallow reflex
and allow endotracheal intubation. The larynx was visualized using a Macintosh laryngoscope
and 45 seconds after 1 puff of lidocaine spray (Xilonibsa, xylocaine spray 100 mg/ml, Sintra,
Portugal), the trachea was intubated using a 5 to 5.5 ID tracheal tube (tubo PVC, Kruuse,
Denmark). Anesthesia was then maintained with isoflurane (Isoflurin®, Vetpharma animal
health, S.L., Barcelona, Spain) (1-1.5% vaporizer settings) delivered in 100% oxygen (oxygen
flow: 200 ml/kg/min). The anesthesia protocol is summarized in Table 4 and Table 5.

Table 4 - Group 1 anesthetic protocol with methadone.

Group 1 (G1)

Pre-medication Induction Maintenance
Midazolam(0.5 mg/kg) IM

Isoflurane (1-1.5%) in 100%

Ketamine (5 mg/kg) IM Alfaxalone (1-2 mg/kg) IV oxygen

Methadone (0.3 mg/kg) IM

Table 5 - Group 2 anesthetic protocol with buthorphanol.

Group 2 (G2)

Pre-medication Induction Maintenance

Midazolam (0.5 mg/kg) IM

Isoflurane (1-1.5%) in 100%

4Ketamine (5 mg/kg) IM Alfaxalone (1-2 mg/kg) IV axygen

Butorphanol (0.3 mg/kqg)
IM

After the implementation of the anesthetic protocol, the animals were transported to
the surgical room where the surgical site was aseptically prepared one last time before surgery.
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In the surgery room, each animal was connected to a T-piece anesthetic circuit and anesthesia
was maintained with 1-1.5% isoflurane vaporized in 100% oxygen (O flow= 1.8L/min) in order
to maintain a correct anesthetic depth of anesthesia for the surgical procedure (orchydectomy
or ovariohytecrectomy). The depth of anesthesia was intra-operatively assessed according to
Guedel’s (1937) [Signs and Stages of Anesthesia based on ‘Ether’ anesthesia in cats.] and
kept between the light and medium stages. Admixture of oxygen and medical air was not
performed as the FiO, was maintained between 70 and 50% and the surgical procedures
implied small duration. The multiparametric monitoring was attached to the animal and
continuous ECG (electrocardiogram), HR, pulse rate, RR, SpO,, ETCO,, non-invasive blood
pressure (cuff placed in the right arm, mid antebrachium) and esophageal temperature were
continuously monitored. Temperature was maintained with a heated pad (Carbon vet, BBraun,
Spain) and oscillated between 36.1 and 37.5°C. No adverse events occurred during or after
the surgical procedures in any group. All animals recovered well and were discharged the day
after the procedure, after feeding re-start.

1.6 — Surgical Technique

1.6.1 -Ovariohysterectomy

The technique used was an ovariohysterectomy, through a midline incision. Thus, an
incision of about 4 to 8 cm was made, both at the skin and subcutaneous levels, until the linea
alba’s visualization was possible. Subsequently, an incision was made with a scalpel on the
linea alba to access the abdominal cavity and locate the uterus. Once found, the left uterine
horn was pulled caudally and medially, and the suspensory ligament of the ovary and the left
ovary were identified. The ovary was then exteriorized, and two hemostatic clamps were
placed, one on the ovarian pedicle, and another on the proper ligament of the ovary. A ligature
was then placed caudally to the two hemostatic clamps on the ovarian pedicle, and the most
caudal clamp was removed. A second ligature was then made below the first, and a hemostatic
clamp was placed on the suspensory ligament of the ovary. The ligatures were made using an
absorbable 2/0 suture material (Monosyn®, Braun, Melsungen, Germany). Subsequently, the
pedicle was transected between the clamp and the ovary. The same exact procedure was
carried out for the right ovary. After each pedicle transection, it is essential to confirm if it was
completely removed and check for the presence of hemorrhage. The broad ligament was then
separated from the uterine horn. This involved an opening in the ligament, adjacent to the
uterine body and the uterine artery and vein, and the placement of a clamp, on each side of

the broad ligament before cutting. Then, cranial traction was applied to the uterus, and a figure-
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eight suture was placed on the uterine body, with another ligature cranially to the cervix. A
hemostatic clamp was placed cranially to the ligatures, and the section was made between the
clamp and the proximal ligature. The absence of hemorrhage was then confirmed, and since
none was present, the uterine stump was repositioned in the abdominal cavity. Finally, a three-
layer closure with intradermal skin sutures was performed. Since descriptions of this technique

in Coatis are limited, dogs guidelines were used. (McPhail, 2013)
1.6.2- Orchiectomy

For the orchiectomies of male coatis, a pre-scrotal open technique was employed.
Initially, the animals were positioned in dorsal recumbency, and the presence of cryptorchidism
was ruled out. Scrotal pressure was applied to push one of the testicles into the pre-scrotal
area, and an incision at the cutaneous and subcutaneous levels was made, as well as another,
at the level of the spermatic fascia. The testicle was then exteriorized, and an incision was
made in the parietal vaginal tunic without incising the tunica albuginea. A hemostatic clamp
was placed across the vaginal tunic at the point where it attaches to the epididymis, and the
ligament of the tail of the epididymis was manually separated from the tunica. Subsequently,
the spermatic cord was identified, and ligatures were placed around the vascular cord and
ductus deferens, followed by an encircling ligature around both, using absorbable 2/0 suture
material (Monosyn®, Braun, Melsungen, Germany). A hemostatic clamp was then placed on
the spermatic cord, and both the ductus deferens and the vascular cord were transected
between the hemostat and the ligatures. Hemorrhage was then checked for, and the cord was
returned to the inside of the tunic. Finally, one last ligature was applied to encircle the cremaster
muscle and the tunic. For the second testicle, the same technique was employed, using the
already existing incision. After the removal of both testicles, the fascia was closed with a
continuous suture, and the skin was closed with an intradermal suture. Since descriptions of

this technique in Coatis are limited, dogs guidelines were used. (McPhail, 2013)

1.7 - Statistical Analysis

In this study, values of clinical parameters were collected over different anesthetic
moments (Baseline, surgical clamps, skin incision, Tunics/ abdominal incision, 1%t pedicule/
testicle incision, 2" pedicule/ testicle incision, subcutaneous suture, skin suture). These
parameters included RR, HR, SAP, MAP, DAP, SpO,, and EtCO,. Furthermore, the time of

each anesthetic phase (P1: time to loss of standing reflex, P2: induction and intubation, P3:
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surgery time, P4: total time of anesthesia, P5: time to extubation, P6: recovery time) was

recorded for each study animal.

All data was initially registered in the anesthetic records and then transposed to Excel
spreadsheet Software®, that was also used for basic calculation and graphics. A distributive
analysis of the data was performed by calculating the mean and standard deviation. This

allowed a better understanding of the central tendency and variability within the data set.
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Chapter Il

1- Results

1.1.-Physiological parameters

The coati population (Nasua nasua) under study was composed by 4 females (4.75+
0.36kg) and 3 males (5.3 kg + 0.58kg). No changes were observed on the hematological and
biochemistry profile of each animal. Data from white nosed coatis (Rovirosa-Hernandez et al.,
2012) was used as reference for hematological values. No adverse events were seen during

the implementation of the anesthetic protocol.

Information about the physiological parameters obtained in coatis of both groups
under study can be observed in the following Figures of this chapter, that show the variation of
all the studied clinical signs (HR, SAP, MAP, DAP, ETCO,, SPO; and, RR), collected at the

defined time points during surgery. Some data are missing due to monitor malfunction.
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Graph 5 - Mean and standard deviation of HR throughout the anesthetic moments in Group 1 and Group 2.

Regarding HR, as can be seen in graph 5, both groups exhibit a minor decline at

timepoint T1, followed by a slight and progressive rise from T2 to T7.
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Respiratory Rate
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Graph 6 - Mean and standard deviation of RR throughout the anesthetic moments in Group 1 and Group2.

Both groups experienced a pronounced decrease in RR at T1, followed by an increase

from T2 to T4, returning to baseline values by the end of the procedure. Apart from T1 and T7,

G2 exhibits, slightly higher, respiratory values, compared to G1. All this is depicted in Graph 6.
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Graph 7 - Mean and standard deviation of ETCO2 throughout the anesthetic moments in Group 1
and Group 2.
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The ETCO, parameter was only obtained after endotracheal intubation. As Graph 7
shows, this parameter was only recorded from T2 forward due to a monitor malfunction. In the
recorded times, it remained consistently stable for both groups, although with slightly
variances. From T4 onward, in G1, a slight increase can be observed. In G2, there is a small
decrease in T5, but it is then followed by a slightly increase till T7.
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Graph 8 - Mean and standard deviation of SPO2 throughout the anesthetic moments of Group 1 and
Group 2.

Regarding SPO,, there is a decrease in this parameter in T1, for both groups, followed
by an increase in T2, and remaining stable for the rest of the procedure, as can be seen in
Graph 8.
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Graph 9 - Average SAP, MAP and DAP throughout the anesthetic moments of Group 1.

Group 2
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Graph 10 - Average SAP, MAP and DAP throughout the anesthetic moments of Group 2.

The SAP, MAP, and DAP parameters, for G1, demonstrate a pronounced decrease during
T1, followed by an increase from T2 until T5 followed by a return to baseline values at T7. As
for the G2, these parameters, also display a decrease in T1. It then is followed by a
significant increase from T3 to T5 (probably due to visceral manipulation), subsequently
remaining stable until T7 but never returning to baseline values. As intra-operative
hypertension wasn’'t observed, no analgesic rescues were needed in the animals of this
study.
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1.2 - Anesthetic Time

Graph 11 contains data regarding the duration of each anesthetic phase. As

mentioned earlier, the different anesthetic phases (P1 to P6).

In G1, the average P1 time was longer than G2. P2, in other hand, was very similar
between groups. For both P3, P4, P5 and P6, G1 exhibited shorter times than G2. The time

from premed to loss of standing reflex’ was shorter in G2 than G1.

60

50 :[
40 I

§ 30 T
220 . 1
s . 3
10 - ®
0
0 1 2 3 4 5

Anesthetic times
® Group 1l Group 2

Graph 11 - Comparison of the anesthetic times for the group 1 and 2
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Chapter IV

Discussion

The goal of the present study was to demonstrate the analgesic efficacy of two opioids,
butorphanol and methadone, used as part of a pre-medication protocol, and studied during
different surgical stages in coatis (Nasua nasua). More precisely, this study aimed to show how
both opioids influence intra-operative cardiopulmonary variables during specific surgical
moments, and how long anesthetic and surgical times last when each drug is administered. To
the author's knowledge, there is no literature on the efficacy and effects of these two drugs as

part of anesthetic protocols in this species.

The studied population consisted of 7 coatis (Nasua nasua) between 1 and 3 years of
age, all from sanctuaries. Of this population, four were females and three were males. The
average weight of the males was 5.3 kg + 0.58, while that of the females was 4.75 kg + 0.36.
This weight falls within the normal range for the species (Queiroz et al., 2010). Prior to the
surgical procedures, all animals underwent blood analyses. All values were within the normal
range for the species, according to existing data in white-nosed coatis (Junior et al., 2017;
Rovirosa-Hernandez et al., 2012), however, more studies should be conducted to more
precisely determine the values for ring-tailed coati. The existing studies present small
samples and can be influenced by various factors, such as diet, stress, and health status
(Rovirosa-Hernandez et al., 2012). For instance, Junior et al. (2017) reported that animals
accustomed to human presence had higher glucose and triglyceride levels, as well as lower
total protein levels, compared to animals without human contact. The latter, in turn, had
higher urea levels. These differences might be related to some of the factors mentioned
above, such as diet, since animals with more contact with humans tend to have diets richer in
carbohydrates and sugar and poorer in protein, and vice versa (Junior et al., 2017). The coati
population under study ranged-free in the sanctuary, ate an omnivorous diet and were used

to the human presence.

The surgical procedures performed in this study were orchiectomy and OVH. These
are considered elective procedures that cause moderate pain. Since coatis are considered an
invasive species in Portugal (Decreto-Lei n. © 92/2019), neutering them becomes even more

pertinent, as it ensures they cannot reproduce.

As previously mentioned, the drugs studied were butorphanol and methadone. For
canines and felines, the dosage range for analgesia is 0.1 to 1 mg/kg IM / 0.1-05 mg/kg IV for
methadone and 0.2 to 0.5 mg/kg IV/IM/SC for butorphanol (Kukanich & Papich, 2018; Allerton,

2023). For coatis (Nasua nasua), two references were found regarding the administration of
48



butorphanol, which used a dose ranging from 0.1-0.2 mg/kg IM (Fehr et al, 2018; Nascimento
et al., 2021). Additionally for white-nosed coati (Nasua narica), a dose of 0.35 mg/kg, was also
reported (Georoff et al, 2004). For methadone, two doses were reported: 0.2 and 0.3 mg/kg
IM (Thomas et al., 2021; Vinyals et al., 2015). In this study, the doses used were 0.3 mg/kg IM
for both drugs. These were administered along with ketamine and midazolam to ensure a
balanced anesthetic protocol. To our knowledge, this is also the first study reporting the use of
alfaxalone for induction in coatis (Nasua nasua). The used ranged from 1 to 2 mg/kg was

proven safe and effective, as reported in cats and dogs (Kato et al, 2021; Warne et al, 2015).

The efficacy of the protocol was assessed by monitoring certain physiological
parameters, namely HR, SAP, MAP, DAP, ETCO;, SPO., and RR. Since coatis are potentially
aggressive animals, there is no information, to the author’s knowledge, on the baseline values
of these parameters in animals that have not been previously sedated. The few available data
come from studies with small populations and are all conducted on previously sedated animals.
In the study by Vinyals et al. (2015), lower values (HR: 91; SAP: 98; MAP:79; DAP: 70) were
reported, at the beginning of anesthesia compared to this and other studies. This difference
may be due to factors such as stress and individual response to anesthetic drugs. In this case,
the animal undergoing intervention was reared in captivity, and the protocol used consisted of
a combination of ketamine, medetomidine, and methadone at the same doses used for wild
coatis. The lack of a stress response may have contributed to the lower clinical values
observed in the animal under anesthesia. On the other hand, in the study by Conforti et al.
(2017), a population of 53 individuals was studied. The protocol used consisted of the
administration of tiletamine and zolazepam (Zoletil®). These coatis showed a much higher
average of some of the clinical values (HR: 223; RR: 53). This might be not only due to the
anesthetic combination of drugs, which have a less depressant effect on the cardiovascular
system (Pascoe & Steffey, 2018) , but also due to the stress induced by restraint and handling
(Fisher & Romero et al, 2019), since they lived in a free-ranging regime, accustomed to human
presence but not to handling. The study that showed the greatest similarity with the HR and
RR parameters, was conducted by Thomas et al. (2021), (HR: 180-200 and RR: 12-20).
Concerning the parameters PAD, PAM, PAS, and SPO., our results are more in line with the
ones obtained by Vinyals et al. (2015) (PAD: 85-143, PAM: 66-120, PAS: 57-108, and SPO::
92-98). These similarities may be due to common points between studies, particularly
regarding anesthetic protocols (all including ketamine and methadone), or the fact that the

animals were all accustomed to human manipulation and presence.
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At baseline (T0), the HR parameter was similar in both groups, with a mean of 182.5
+12,96 for G1 and 181.33 +11,58 for G2. Upon placement of surgical clamps (T1), a significant
decrease in this parameter was observed in both groups, although it was more pronounced in
G2. At the moment of skin incision (T2), HR increased again to values slightly above baseline
levels, probably due to the visceral manipulation and associated nociception, and up to T7,
this parameter showed a slight and progressive increase for both protocols. Although there
was an increase in this clinical value, it remained within the normal range for the specie. The
initial increase observed at T2 may be due to the fact that the skin has numerous nerve endings
that cause pain, as Rodriguez et al. (2016) observed, that during scrotal skin incision in dogs,
isoflurane requirements increase due to the presence of a painful stimulus. According to
Keating et al, (2020), methadone leads to a decrease in HR. In G1, however, this was only
observed at time point T1. The addition of ketamine to the protocol may have contributed to
the higher HR values, since it presents a sympathomimetic effect that can increase HR and
cardiac output (Fonseca et al., 2017). In contrast, butorphanol provides greater cardiovascular
stability than methadone (Gultiken et al., 2022). This was evident with G2 demonstrating a
more stable HR compared to G1, except at time point T1 where both groups experienced a
pronounced decrease. This decrease in HR, at time point T1, is consistent with Warne et al.
(2013), who found that in cats, both during the administration of either methadone or
butorphanol, transient bradycardia could occur, prior to the surgical incision, and then

stabilizing during surgery.

Concerning blood pressures, a marked decrease was observed in both groups at time
point T1, which coincided with the decrease in HR. Regarding MAP, an increase between 8%
and 11% was observed at moments T2 and T3, for G1 and T3 for G2. These slight increases
are consistent with findings by Kukanich & Papich (2018), who reported that after opioid
administration, there can be a slight fluctuation of this parameter by approximately 10%. In
both groups, an increase in pressure parameters was observed from T3 till T5. According to
Maiante et al, (2009), methadone’s administration in dogs, led to increases in MAP for up to
60 minutes after its injection. These increases were up to 23% above the baseline value at the
0.5 mg/kg dose. Moser et al. (2019), also reported that, when butorphanol is used in cats
undergoing orchiectomy, no decreases in blood pressures parameters is verified (Moser et al,
2019). This time point also corresponds to the initiation of the ligation and removal of the
ovarian pedicles, as well as the testicles. A similar observation was made during OVH in dogs,
in two different studies by Hoglund et al, (2011) and Gomes et al. (2023), in which during these
surgical steps the blood pressures tended to increase significantly. According to Bubalo et al.

(2008), the stretching of the abdominal muscles and the traction of the suspensory ligament
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are among the most critical factors contributing to pain during an ovariohysterectomy. This
might also be explanatory of the increase in blood pressure values observed during this period
(Bubalo et al., 2008). From T5 onward, the blood pressure values decreased, reaching
baseline values, in case of G1, in time point T7. The main indicator of intra-operative
nociception is defined by hypertension (SAP>160 mmHg or MAP>120mmHg). There was no
need for analgesic rescues in our study as SAP and MAP remained within normal range,

despite some fluctuations observed in both groups.

In this study, it was not possible to measure ETCO values at time points TO and T1,
for both groups, and therefore it is not possible to establish a baseline value for comparison.
For the time points where measurements were possible (T2 to T7), ETCO- remained stable in
both anesthetic protocols and within the expected range (35-45 mmHg) (Maiante et al., 2009).
Butorphanol does not cause significant respiratory depression (Murdock et al, 2020), as Y
agonist opioids such as methadone do, so the stability of ETCO, was expected. Regarding
methadone, Garofalo et al. (2012), mentions that it can lead to the occurrence of panting, which

can cause an increase in ETCO,, due to a decrease in alveolar ventilation (Juodzente et al,

2018; Maiante et al., 2009), though the same was not verified in this study. The G2 presented
slightly lower ETCO3 values, compared to G1.

The SPO. parameter remained stable throughout the procedure in both groups,
experiencing only very slight and clinically unimportant fluctuations. At time point T1, the lowest
values were recorded (G1: 93.6 £1,24 and G2: 94.3 +0,94). Despite this decrease, it was not
pronounced and corresponded to a decrease in RR that was also observed. At time point T2,
SPO:; increased again to values above 95%, and remained as such till T7. This aligns with
findings by Burbaité et al. (2024), who, in a comparative study between butorphanol and
buprenorphine, in dogs undergoing ovariectomy, did not detect variations in SPO, during
butorphanol administration, with values remaining within the reference range (>95%)
throughout the procedure. Regarding methadone, Cubeddu et al. (2023) found that in dogs

also undergoing ovariectomy, SPO, remained stable and above 95%.

Regarding RR, baseline values were similar between groups, with G1 presenting 18.5
3,77 mpm and G2, with 17.33 £2,49 mpm. At time point T1, a decrease was observed in both
groups. G1 experienced a drop to 10 2,49 mpm, while G2 saw a decrease to 11.33 +2,49

mpm. In the remaining time points, RR increased and remained stable, with only minimal
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fluctuations. Warne et al. (2013) states that in cats, the administration of both methadone and
butorphanol kept RR within the normal range without significant respiratory depressive
episodes. This is also consistent with Gomes et al. (2018), who observed that administering
butorphanol in dogs only led to minimal and clinically unimportant RR changes. Although not
observed in the present study, several authors report the occurrence of panting following
methadone administration (Garofalo et al., 2012; Maiante et al., 2008; Menegheti et al., 2014).
This may be associated with high doses of methadone (Menegheti et al., 2014) which can lead

to alterations in the hypothalamic thermoregulatory center (Kukanich & Papich, 2018).

Regarding anesthetic and surgical times, butorphanol had a faster onset of action
compared to methadone. P1 (pre-med to loss of standing reflex) lasted 19.75 + 0.82 minutes
for G1 and 15.33 = 1.24 minutes for G2. Butorphanol is characterized by its rapid onset of
action (Warne et al., 2013). According to Gomes et al. (2018), cited by Murdock et al. (2020),
butorphanol might present sedative effects in less than 15 minutes in dogs. P2 (induction and
intubation) was very similar between groups, being 8 minutes for both methadone and
butorphanol. For P3 (surgery time) and P4 (anesthesia time), methadone presented slightly
higher values than butorphanol. In P3, G1 had a duration of 22.75 + 6.05 minutes, while G2
had a duration of 25 + 4.96 minutes. In P4, G1 and G2 times were 40.5 + 5.72 minutes and 42
+ 8.04 minutes, respectively. This is consistent with observations by Warne et al. (2013), who
reported similar surgical and anesthetic times in ovariohysterectomy in cats. In their study,
the surgical time for methadone was 21 + 3.6 minutes and for butorphanol was 22 + 5.6
minutes. The anesthetic duration of methadone was 51 + 8.3 minutes, while butorphanol had
a duration of 54 + 10.13 minutes. As can be seen, despite the similarity in duration with the

present study, methadone presents slightly higher values, as well.

According to the results obtained in this study, at the described dosage, both
methadone and butorphanol showed intraoperative analgesic efficacy without adverse effects.
This is consistent with the findings of Vinyals (2015), where the addition of methadone to the
anesthetic protocol proved being effective in providing good sedation and analgesia in a coati
undergoing OVH. Thomas et al. (2021) also reported the use of methadone in a coati as part
of an anesthetic protocol, which provided good analgesia. It is important to note that the
animal in their study underwent orthopedic surgery, so a locoregional block was given, to

ensure an even more effective analgesia. Regarding butorphanol, Nascimento et al.
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(2021) reported the use of butorphanol in two anesthetic protocols in coatis (Nasua nasua).
The protocols proved to be effective and safe for anesthesia in this species, providing good
sedation, analgesia, muscle relaxation, and recovery. However, it is important to highlight that
the coatis were not subjected to any surgical or painful procedures; biological materials were

merely collected.

During the timeline of this study, no complications or adverse effects were detected,
neither during the surgical or recovery period. This goes in accordance with Trimble et al,
(2018), which reported that, both methadone and butorphanol administered in dogs, didn’t
originated adverse effects. Georoff et al. (2004) however, reported the presence of seizures in
one coati (Nasua narica) anesthetized with medetomidine, butorphanol, and ketamine, as well
as myoclonic movements in two other individuals. Ko et al. (2000), related that seizure’s
episodes might be observed when the combination of high doses of ketamine alongside
medetomidine are used, thus explaining why these adverse effects didn’t occur to the animals

in the present study.

These study presents some limitations. The main one is the small sample size, which
may not accurately represent the diversity within the species and making it harder to detect
significant statistical differences. Furthermore, the small sample size reduces statistical
power, preventing reliable statistical conclusions from being drawn. A small sample size
leads to another limitation, namely individual variability. Each animal reacts differently to
anesthesia, often depending on factors such as age, sex, health, etc. With such a small
sample, these individual variations become more evident and influence the results and
conclusions. The lack of baseline data for this species constitutes another important
limitation. The scarcity of baseline data might hinder the interpretation of results, since there is
not enough data of the baseline values, to make a reliable comparison, making it difficult to
establish cause and effect relationships. Also, the fact that this species is wild and potentially
aggressive, means that parameter measurement has to be performed on pre-sedated
animals. This means that the limited information available referring to baseline values, is
regarding animals already under the influence of sedative drugs. The use of ketamine as part
of the pre-medication, given its analgesic properties, may have obscured the true effects of
the administered opioids. Finally, a group control was not used in this study, preventing in
this way, the possibility to make definitive comparisons and determine the true effect of the

intervention and compare the results of the experiment.

Future research should aim to address these limitations by increasing the sample size
and ensuring a more diverse population, with individuals of different ages, sexes, and origins.

Another goal should be the collection of comprehensive baseline data, using a diverse sample.
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The measurement and analysis of more physiological parameters, such as temperature,

should also be undertaken, as well as the evaluation of behavioral factors. The addition of a group

control should also be considered.
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Chapter V

Conclusion

At the described dosage, both methadone and butorphanol showed intraoperative
analgesic efficacy without adverse effects, in the used dosages and for the procedures
performed. Sedation with butorphanol was faster than with methadone. No analgesic rescues
were required during surgery. Due to the small sample size, the obtained results should be
interpreted with caution and therefore, butorphanol and methadone’s inclusion in anaesthetic
protocols for elective procedures in coatis may require further studies (with adequate sample

sizes), as there is currently no adequate scientific evidence.
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