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Abstract

:

Simple Summary


Despite the growing interest in donkey’s welfare, there is little scientific evidence in this species about the analgesic effect of the drugs most used in horses. Total intravenous anaesthesia is a valuable option for field surgery such as castration. Moreover, it is often preferred in small donkeys due to the anatomical features of their proximal airways. The aim of this study was to evaluate the effect of a low dose of butorphanol, in donkeys undergoing castration, after sedation with detomidine before total intravenous anaesthesia with a mixture of guaifenesin, ketamine and detomidine. The addition of butorphanol to detomidine produced more muscle relaxation, and reduced mean heart rate and blood pressure. This resulted in a reduced requirement for rescue analgesia, a more superficial anaesthetic plan and a shorter surgical time. It can be concluded that butorphanol allowed a more stable and superficial anaesthetic plan, probably due to its analgesic effect and synergistic action with detomidine. Due to the low dosages of drugs used and the absence of adverse effects, this protocol can be considered valuable in field conditions and for short surgical procedures, where safety equipment is not available.




Abstract


Pain management is necessary for all surgical procedures. Little scientific evidence about drug efficacy in donkeys is available. The aim of this study was to evaluate the analgesic effect of butorphanol in donkeys undergoing orchiectomy under total intravenous anaesthesia with guaifenesin-ketamine-detomidine. A randomized blinded prospective clinical trial (Protocol n. 2021/0000338), was carried out on 18 clinically healthy donkeys undergoing bilateral orchiectomy. Patients were assigned to Group D (n = 8) or Group DB (n = 10) if receiving intravenous detomidine or detomidine-butorphanol respectively, before induction of general anaesthesia with ketamine-diazepam. Intraoperative muscle relaxation, nystagmus, palpebral reflex, heart and respiratory rate, and non-invasive blood pressure were evaluated every 2 min; time to prepare the patient, duration of surgery and anaesthesia and recovery score were recorded. Group D had significantly longer surgical time, higher heart rate, higher systolic and mean blood pressure (p < 0.05; repeated measure ANOVA), increased muscle rigidity and expression of palpebral reflex (p < 0.05; Mann–Whitney U test) than group DB. Top-ups with thiopental were statistically higher in Group D. Butorphanol and detomidine together produced a more stable anaesthetic plan. The low dosage of opioid and alpha-2-agonists and reduced rescue anaesthesia are responsible for a safer and more superficial anaesthesia, which is mandatory under field conditions.
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1. Introduction


Despite the growing interest in equids other than the horse, there is little scientific evidence of the efficacy of anaesthetic drugs regarding donkeys (Equus asinus) and mules 41 [1,2,3]. Currently the importance of such animals is expanding not only in developing countries [4,5,6], but also in Europe as a result of animal-assisted therapies and interventions [7,8]. While it is known that the pharmacological profiles of analgesics in donkeys are clinically different from horses [9,10], very few drugs are registered for this species. Conversely, many drugs are used off-label, extrapolating doses from those determined for horses. However, the impact of interspecies differences in pharmacokinetics and pharmacodynamics of drugs is important and should be considered. Donkeys usually require higher dosages than horses. Indeed, they have a faster metabolism for most analgesics and anaesthetics, with a shorter dosing interval [1,2]. The only drug that does not follow this rule is guaiphenesin, which, although cleared faster in donkeys than in horses, requires lower doses to produce recumbency [1,11].



Most of the procedures required for the health management of donkeys (castration, foot disorders, dental treatments, tumor removal) require sedation and analgesia, with or without general anaesthesia [12]. Under field conditions, inhalation anaesthesia can be challenging due to the unavailability of anaesthetic equipment and the need for appropriate medical care in the case of complications, such as severe cardiovascular and respiratory depression. As a rule of thumb, in field settings, drugs with minimal side-effects, but with good analgesic and sedative effects are generally required [13] and if general anesthesia is necessary, total intravenous anaesthesia (TIVA) must be preferred.



Detomidine is a specific alpha2-adrenoreceptor agonist, although high doses also produce activation of alpha1 adrenoreceptors. Compared to xylazine and medetomidine, it is responsible for a longer and more profound sedation and analgesia in horses [14,15]. As for horses, detomidine has a dose-dependent sedative effect in donkeys, although higher doses are required [12,16,17].



Butorphanol is an agonist-antagonist opioid [18,19,20]. It is commonly used in combination with alpha2-adrenoreceptor drugs, mostly detomidine, for their excellent synergistic effect [20,21,22,23]. Its analgesic effect is dose-dependent with a mean duration in ponies of 15–90 min at 0.05–0.4 mg/kg bwt [24]. TIVA is considered a valuable option if inhalation anaesthesia is not available. The association of alpha2-agonists and muscle relaxants produces less cardiovascular depression in ponies and horses [25,26,27,28,29,30,31]. A variety of TIVA protocols have been set up for different kinds of surgery in horses, although little is documented for donkeys and mules [32,33]. This type of general anaesthesia is generally preferred in miniature or in young donkeys because of the difficult orotracheal intubation, related to the different anatomical features of the larynx compared to horses [34].



Donkeys are also usually presented for castration at an older age, with an increased size of the testes, larger vessels and an increased amount of scrotal and inguinal fat; these factors can facilitate post-operative complications particularly when a standing approach is used [35]. In addition, TIVA protocols in donkeys are preferred because of the reduced cost compared to inhalation anaesthesia, the availability of inhalation anaesthesia under field conditions (which is usually preferred by owners) and the cardiorespiratory safety [36].



The aim of this study was to evaluate the efficacy of butorphanol on the need to top-up drugs and on the clinical cardiovascular and respiratory response to the surgical stimulus in donkeys undergoing orchiectomy under TIVA with guaifenesin-ketamine-detomidine.




2. Materials and Methods


The study was approved by the O.p.B.A. of the Istituto Zooprofilattico of Teramo “G. Caporale” (Protocol n. 2021/0000338) and carried out on donkeys referred for bilateral orchiectomy to the Veterinary Teaching Hospital of the University of Teramo. The study design was a randomized blinded prospective clinical trial, where the anesthetist and personnel in charge of monitoring anaesthesia were unaware of the treatment. Inclusion criteria were a clinically healthy status (ASA 1 classification of patients) and the scrotal localization of both testes.



The donkeys were considered healthy based on clinical examination and results of a complete cell blood count and serum biochemical analysis. Baseline rectal temperature, heart rate (HR), and respiratory rate (RR) were recorded. Food, but not water, was withheld for 12 h before surgery.



After a 14-gauge 48 mm catheter was aseptically placed into the left jugular vein, donkeys were randomly administered intravenously (i.v.) detomidine (10 µg/kg, Domidine®; Dechra, Northwich, UK) (Group D) or detomidine-butorphanol (10 µg/kg + 50 µg/kg, Nargesic®; ACME Srl, Reggio Emilia, Italy) (Group DB) before induction of general anaesthesia with ketamine and diazepam (2.2 mg/kg+ 20 µg/kg, Ketavet 100®; ACME Srl, Reggio Emilia, Italy, Ziapam®; Dechra, Northwich, UK). In group DB, butorphanol was administered 5 min after the first bolus of detomidine, whereas donkeys of Group D received an equal volume of saline.



When an adequate state of sedation was obtained (clear lethargy, drop of the head and lack of response to external stimuli) [37,38], general anaesthesia was induced in a padded box and maintained with TIVA with a mixture of guaiphenesin (80 mg/mL, Knock Out®; ACME Srl, Reggio Emilia, Italy), ketamine (2 mg/mL) and detomidine (20 µg/mL) (GKD) at the Constant Infusion Rate (CRI) of 1 mL/kg/h administered through a volumetric infusion set (Infusomat fmS; B-Braun, Melsungen, Germany). To obtain a solution of GKD, 1 g of ketamine and 10 mg of detomidine were added to a 500-mL bag of 8% guaiphenesin. Once general anaesthesia was induced, the donkeys were placed in dorsal recumbency on a surgery table and moved into a surgery room, where the orchiectomies were performed. TIVA was initiated once proper positioning was achieved. Once positioned, the donkeys were prepared for surgery. Preparation of the patient (from correct positioning to the beginning of surgery) included trichotomy and surgical scrub and was performed in the surgery room.



Donkeys were maintained under spontaneous breathing, and oxygen supplementation was not provided.



The depth of anaesthesia was monitored every 2 min during surgery since TIVA was initiated, evaluating muscle relaxation (score 0–3; 0 = muscle relaxation present in the trunk and limbs; 1 = muscle twitching present in some regions of the trunk and limbs; 2 = muscle twitching present over the majority of the trunk and limbs; 3 = muscle rigidity present over the majority of the trunk and limbs) [39], nystagmus (0–2; 0 = no nystagmus, 1 = arrhythmic jerks, with high frequency, small amplitude, constant spatial planae and inconstant direction, 2 = rhythmic jerks, with constant amplitude, direction and spatial planae, decreasing frequency and constant duration) [40], palpebral reflex (0–2; 0 = no reflex, 1 = induced reflex, 2 = spontaneous reflex), HR (GE 850 Anaesthesia Monitor, GE Healthcare, Little Chalfont, UK), RR, and non-invasive blood pressure (NIBP) (GE 850 Anaesthesia Monitor, GE Healthcare, Little Chalfont, UK) through a cuff placed over the left brachial artery (Dura-Cuf® 23–33 cm; Critikon Blood Pressure Cuffs, GE Healthcare, Little Chalfont, UK) [37]. Intraoperative RR was monitored by evaluating thoraco-lumbar expansion.



Once in dorsolateral recumbency, baseline values were collected for HR, RR, and NIBP. In the meantime, the surgical field was aseptically prepared, and afterwards a closed scrotal orchiectomy was performed. The right testis was firmly grasped, and an incision (Ts) was made along the median raphe of the scrotum. After exteriorization of the vaginal process, isolation of the spermatic cord and cremaster muscles from the connective tissue were provided through a blunt dissection of the scrotal ligament. After traction of the spermatic cord (Tt) and application of a polyglactin 910 2 USP transfixing suture (Vicryl®; Eticon Inc, Cornelia, USA) (Tl) as close as possible to the inguinal ring, a Serra emasculator was used to crush the cord (Te), which was transected after 3 min from the application of the emasculator. The timepoints Tt-Tl-Te were repeated first for the right and then for the left testicle. The surgical wound was left to heal by secondary intention.



A top-up anaeshesia plan was set up as follows: in case of poor muscle relaxation, an additional dose of thiopental (Pentothal sodium®; Intervet Italia Srl, Milano, Italy) (0.3 mg/kg i.v.) was administered. Concerning the rescue analgesia, when nystagmus or increased HR and/or MBP (mean arterial blood pressure) above 20% from the baseline were observed, an additional dose of ketamine (0.3 mg/kg i.v.) was preferred. The need for top-up anaesthesia with thiopental was set at a muscle relaxation score of 1–2. The need for rescue anaesthesia with ketamine was set at a nystagmus score of 1–2.



TIVA was interrupted when the Backhaus forceps were removed from the surgical field.



The number of additional doses of thiopental and/or ketamine was recorded and compared between group D and DB. Every time a top-up agent was administered, the surgeon was asked to stop the surgical stimulation until muscle relaxation was restored or nystagmus disappeared.



The donkeys were allowed to recover form anaesthesia without any assistance and the entire recovery phase was timed and scored from 1 to 3 (1 = Good: donkey stands after 1–3 attempts; no ataxia; 2 = Acceptable: more than 3 attempts to stand; mild, short-term ataxia; 3 = Poor: more than 3 attempts to stand; mild, substantial ataxia) [25].



The duration of anaesthesia (from induction to the end of TIVA), the time required to prepare the patient, the surgical time (from skin incision to removal of Backhaus forceps from the surgical field) and the time to recover from anaesthesia (from lateral recumbency in the recovery box to the standing position) were recorded for each donkey.



All donkeys received a broad-spectrum antibiotic therapy (penicillin-dihydrostreptomycin 10.000 U.I./kg i.m., every 12 h) (Repen®; FATRO S.p.A., Bologna, Italy) just before surgery and for the following 3 days. At the end of surgery, anti-inflammatory therapy (flunixin meglumine, 1 mg/kg i.m., every 12 h) (Flunifen®; Ceva Santé Animale, Libourne, France) was initiated, lasting for 3 days.



Normality was determined using the Shapiro–Wilk test. For the within-treatment comparisons of the parametric data, a repeated measure analysis of variance was used, followed by Bonferroni post-hoc test; non-parametric data were analyzed by Friedman test. Comparisons between Group D and Group DB were analyzed using a repeated measure ANOVA; non-normally distributed data were analyzed with Mann–Whitney U test. Parametric data are reported as mean ± standard deviation (SD), non-parametric data as median and range. The p value was set at 0.05.



Statistical analysis was performed using IBM SPSS v. 27. The confidence interval was set at 95%.




3. Results


Eighteen donkeys were included in the study, 8 were assigned to Group D and 10 to Group DB. No statistical differences in age and body weight were found between the groups (Group D: 25 ± 6 months; Group DB: 22 ± 10 months) (Group D: 158 ± 46 kg; Group DB: 157 ± 73 kg) (p = 0.385; p = 0.982) (Table 1).



The mean duration of anaesthesia was not statistically different between groups, although it was longer for Group D (p = 0.232) (Table 1; Figure 1).



On the other hand, surgical time was significantly longer in Group D than Group DB (p = 0.016), which also showed shorter time to recover completely from anaesthesia as compared to Group DB (p = 0.003) (Table 1; Figure 2).



No statistical differences were found when comparing the time required to prepare the patient (p = 0.723) (Table 1; Figure 1).



The mean HR was statistically higher in Group D for most of the duration of the procedure (T12,T14,T26,T28,T30,T32,T38) (Figure 2) (p = 0.011, p = 0.035, p = 0.049, p = 0.04, p = 0.014, p = 0.015, p = 0.022), whereas no significant differences in RR were found (Group D: 26 ± 3 breaths/min; Group DB: 23 ± 4 breaths/min) (0.210 < p < 0.935).



When analyzing blood pressure, a significant difference was found in systolic and mean arterial blood pressure (SAP) and MAP, whereas no differences were present for diastolic arterial blood pressure (DAP, 0.242 < p < 0.971) (SAP at T12: Group D 127 mmHg vs. Group DB 110 mmHg, p = 0.04; MAP at T6,T12: Group D 110–120 mmHg vs. Group DB 93–94 mmHg, p = 0.022, p = 0.016) (Figure 3a,b).



The muscle relaxation score for Group D ranged from 0–2, whereas in Group DB it ranged from 0–1. The palpebral reflex score for Group D ranged from 0–3, whereas in Group DB it ranged from 0–2. In both cases the median was 0. Depth of anaesthesia was lower at T14 in Group D, showing muscle twitching and rigidity at that time point (p = 0.027). At the same time, Group D had a significantly higher expression of spontaneous palpebral reflex (p = 0.033).



When considering the number of additional doses of ketamine and thiopental, we observed a higher requirement of thiopental in group D (19 in Group D, median 2, range 1–6; 8 in Group DB, median 0, range 0–5) (p = 0.012), whereas additional boluses of ketamine where not statistically different among groups (p = 0.116), although they were higher in Group D (13 in Group D, median 1.5, range 0–3; 9 in Group DB, median 0.5, range 0–4) (Figure 4) (p > 0.05). The percentage of donkeys of Group D that required at least 1 top-up of either ketamine or thiopental was 87.5% and 100%, respectively, whereas this percentage was 50% and 30% in Group DB for ketamine and thiopental, respectively.



The recovery score was good (score 1) in all donkeys.



The variables HR, RR, SBP, MBP, DBP, muscle relaxation, nystagmus and palpebral reflex were compared between groups at Ts, Tt, Tl Te for each testicle, but no statistical differences were found (p > 0.05). Looking at the time after the surgical stimulations, statistical differences were found 90–120 s after the stimulation itself.



When each variable was analyzed for significative differences within each group, only muscle relaxation was significantly higher in Group D at T14 compared to T22-T28 (Figure 5) (p = 0.03).




4. Discussion


The present study aimed to demonstrate how a single dose of butorphanol during sedation with detomidine, provided better cardiovascular stability during bilateral orchiectomy in donkeys under a TIVA protocol including guaiphenesin-ketamine-detomidine. The association of a low dose of detomidine and butorphanol resulted in a more stable anaesthetic depth and lower number of additional doses of thiopental and ketamine, probably thanks to the analgesic effect of butorphanol.



Better understanding of pain management in donkeys is necessary and stands as an ethical requirement for practitioners [41,42,43]. Indeed, castration is demonstrated to be associated with a significant degree of pain that has a negative impact on patients’ well-being, compromising immune response and wound healing [44,45,46,47].



We decided to use detomidine rather than xylazine because its sedative and analgesic properties are of greater magnitude and longer duration [14,48]. Although only few reports about its effect on donkeys are available in the literature [13,16,37,49,50,51], detomidine is demonstrated to have a good sedative effect in horses, with a duration that is proportional to the dosage, with higher dosages (40 μg/kg) lasting up to 90 min [52]. The 10 μg/kg dosage of detomidine has similar sedative power, although the action is shorter (about 20 min) [13,14].



Butorphanol has also been widely studied in horses, with reports describing, as for detomidine, a dose-related analgesic effect, in terms of duration and depth [24,41,53,54,55,56,57,58,59,60,61]. The analgesic effects of low doses of detomidine in donkeys is still under debate. If a 10 μg/kg dosage of the drug provides a good sedative and analgesic effect in a horse [14,61], the same dose obtains a good sedative result in donkeys, but not enough analgesia for standing procedures when used alone [13,62]. Compared to medetomidine, which is not registered of use in equids in all countries, it has a longer lasting, although less potent behavioral effect [15].



The association of detomidine and butorphanol in equids is demonstrated to be a valuable and safe tool for pharmacological restraint, allowing one to reduce the adverse effects mediated by the use of a high amount of alpha-2 agonists [1,13,30,63,64,65]. In the literature, the dosage of detomidine and butorphanol ranges from 5–40 µg/kg and 25–50 µg/kg, respectively. Evaluation of their synergistic effect was usually achieved in the standing sedated animal, watching at the time of onset and depth of sedation, at clinicophysiological variables and nociception. In this study we meant to evaluate the association of reported dosages of detomidine and butorphanol in the recumbent and anaesthetized donkey undergoing surgical stimulation.



Despite the increasing knowledge about pain manifestation in donkeys and the development of new pain scales [66,67], we did not perform a pain score assessment before and after sedation, since this went beyond the aim of our study, instead focusing on intraoperative signs of pain. Pulse rate and mean blood pressure together with nystagmus, tearing, unstimulated closure of the eyelids, shivering, and tightening of muscles and electroencephalographic modifications are used as intraoperative markers of nociception and their variation during surgery is associated with an excessively superficial anaesthetic plan [68,69,70]. During surgery we observed a statistically significant higher mean heart rate in the group receiving only detomidine throughout almost the entire procedure (at T12, T14, T26, 28; TT30, TT32, T38; p = 0.011, 0.035, 0.049, 0.04, 0.014, 0.015, 0.022). In particular this value was statistically significantly higher from 12 min after the start of TIVA. The delayed onset of this difference was ascribed to the lack of any surgical stimulation before that moment, because around that time point the Backhaus forceps were applied to the skin.



In addition to this, in the detomidine group the systolic and mean arterial blood pressure were also higher, at T6 and T12 for MAP and at T12 for SAP (p = 0.022, p = 0.016; p = 0.04). The blood pressure monitoring was performed with an oscillometric noninvasive system to mimic the field conditions, where it is uncommon to have a continuous direct blood pressure monitoring technology that can detect more subtle differences [71,72].



Concerning the non-parametric variables, we observed lower myorelaxation at T14 in donkeys in group D as well as a more intense palpebral reflex (p = 0.027 and p = 0.033). Since we used dissociative drugs, nystagmus and palpebral reflex were always present [73], but when tested 14 min after the start of TIVA, the latter was more intense in the detomidine group.



Although we expected to observe significant differences between the groups, when we examined the moments of the surgical procedure that we considered more painful (skin incision, traction, ligation and emasculation of the spermatic cord), both groups showed similar trends regarding all variables. Data concerning the sympathetic response to surgical stimulation in horses clearly state that the fastest response to noxious stimulation involves an increase in heart rate and blood pressure [74]. It is likely that this may not be applicable to the donkeys, who may require a longer time to show significant variations of these parameters or may show as a first sign an increase of muscle rigidity. In fact, when we looked at the variables in the moments following the surgical stimulation, we could observe significant rise of either one or more parameters with a time-lapse of 90–120 s from the surgical stimulus.



The absence of any statistically significant difference in respiratory rate between groups can be ascribed to the moderate central nervous system depression, and better tissue perfusion compared to inhalation anaesthesia [28]. Since the type and rate of the infusion were the same in the experimental groups it is likely that the degree of the sympathetic tone inhibition mediated by the infusion itself was similar.



A NSAID was not administered before surgery to limit any influence of the response to the surgical treatment in both groups. For the same reason we decided not to use any loco-regional anaesthesia, which is well known to reduce intra and post-operative pain in case of orchiectomy in many species [71,75,76,77,78,79]. Nevertheless, all animals received a NSAID directly after the end of surgery and for the following 3 days.



Blood gas analysis was not available for all patients, and unfortunately it was not possible to have all the available samples retrieved at the same time after induction of anaesthesia, so data were not analyzed. TIVA with detomidine+ ketamine+ guaifenesin provided better cardiovascular and respiratory function compared to inhalant anaesthesia for castration in ponies [80]. Despite this, the lack of blood gas analysis data can be considered a limit of the study. A moderate increase in CO2 causes beneficial systemic effects, increasing cardiac output, tissue perfusion and epinephrine release. More severe increases on the other hand are responsible for hypertension and have a negative effect on blood pH, cardiac rhythm, and intracranial pressure [81].



In accordance with the increased muscle rigidity, heart rate, systolic and mean blood pressure, we also observed that donkeys in group D needed a statistically significantly higher number of top-up anaesthesia doses, presumably because of the greater intraoperative pain perception. Since we used dissociative drugs, the use of ketamine was limited to excessively evident nystagmus. In our study, the most frequently used top-ups were with thiopental (p = 0.012), which was administered when poor muscle relaxation was detected. Top-ups were preferred over the increase in the TIVA rate because their effects were faster in deepening of anaesthesia compared to the CRI rate. Moreover, high amounts of infused guaifenesin may cause prolonged recovery due to the cumulative properties of this drug [25].



Although the time to prepare the patients and the total anaesthesia time were not different between the groups (although longer for the detomidine group), we observed a statistically significant longer surgical time in the group of donkeys receiving only detomidine. This may be because in the detomidine group more interruptions were required for rescue treatments to allow deepening of anaesthesia.



In accordance with previous literature [70,82], both groups exhibited an excellent recovery. Donkeys’ recovery tends to be smoother than horses and they lie more quietly until able to stand, without the need for sedation [1]. When butorphanol was used, a longer time was required to completely recover from anaesthesia. As in previous studies in ponies, it may be that the donkeys receiving butorphanol were more comfortable in the immediate post-operative period. Alternatively, the association of butorphanol with detomidine may have had a synergistic effect on sedation compared to alpha-2 agonists alone [13,22,41,64]. This aspect of the protocol needs to be considered in field settings: although prolonged recovery gives the time for the patients to metabolize drugs and to recover with less ataxia, the availability of monitoring and safety equipment for a long time is not always ideal.



When we analyzed the variables for within-group comparison, we did not observe significant differences during the surgical procedure, suggesting that the anaesthestic plan was stable and safe, although more superficial in the detomidine group. The only exception to this was the degree of muscle relaxation (p = 0.03) that was observed in this group from 14 min after the start of TIVA up to the end of the procedure, suggesting a reaction to a surgical stimulus at that time followed by a progressive deepening of the anaesthetic plan, probably as an effect of the additional boluses of anaesthetic drugs.



Although the limited number of patients reduced the statistical power of the study, we could appreciate some significant differences between the experimental groups. As said before the lack of blood gas data may have led to underestimation of the cardiovascular function, even though the protocol is proven to be safer than inhalation anaesthesia [24].




5. Conclusions


We can conclude that the addition of butorphanol to detomidine for sedation of donkeys before general anaesthesia for surgical castration with a TIVA with guaiphenesin-ketamine-detomidine is beneficial. It provides a good analgesic effect and allows the administration of low dose of detomidine and anaesthetic drugs, with a more stable anaesthetic plan, lower number of top-ups drugs and consequently a safer anaesthesia. This is of crucial importance under field conditions where monitoring and safety equipment are often lacking.
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Figure 1. Vertical bar chart showing anaesthesia duration, patient preparation, surgical time and recovery time in the two groups. All the variables are expressed in function of time (minutes on the Y axis). Statistical differences are expressed by the same letter on the bars (a: p = 0.016; b: p = 0.003). 
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Figure 2. Mean HR for both groups. Values are expressed in beats per minute as a function of time (*: p < 0.05). SD is displayed (HR: heart rate; SD: Standard Deviation). Group D: group detomidine; Group DB: group detomidine-butorphanol. 
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Figure 3. Line graph showing significant differences in SAP (a) and MAP (b) Statistical differences are expressed as same letter on the bars (°: p = 0.004; #: p = 0.022; *: p = 0.05). SD is displayed (SAP: Systolic Arterial Blood Pressure; MAP: Mean Arterial Blood Pressure; SD: Standard Deviation). Group D: group detomidine; Group DB: group detomidine-butorphanol. 
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Figure 4. Total number of additional doses of ketamine and thiopental required to deepen anaesthesia in donkeys undergoing castration, randomized to receive an intravenous premedication with detomidine (Group D, n.8) or detomidine -butorphanol (Group DB, n.10). Asterisks (*) indicate the level of significance set at p < 0.05. 
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Figure 5. Trend of muscle relaxation during the surgical procedure in Group D (* is significantly higher than #; p = 0.03). 
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Table 1. Age, body weight, duration of anaesthesia, patient preparation, surgical time and recovery time in the two groups. Values are expressed as mean ± SD (SD: standard deviation). Statistical differences are expressed by the same letter on the same column (a: p = 0.016; b: p = 0.003).
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	Age (Months)
	Body Weight (kg)
	Anaesthesia Duration

(min)
	Patients Preparation

(min)
	Surgical Time

(min)
	Recovery Time

(min)





	Group D
	25 ± 6
	158 ± 46
	58 ± 16
	17 ± 5
	41 ± 9 a
	15 ± 10 b



	Group DB
	22 ± 10
	157 ± 73
	50 ± 11
	16 ± 7
	29.5 ± 8.6 a
	80 ± 38 b
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