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ABSTRACT.	 We aimed to evaluate the induction, anesthesia, and cardiorespiratory effects of 
intramuscular (IM) anesthetic protocol with alfaxalone following premedication with low-dose 
medetomidine, butorphanol, or a combination of both (medetomidine–butorphanol) in dogs. Six 
healthy beagles were administered 1, 2.5, or 5 mg/kg alfaxalone IM following premedication with 
low-dose medetomidine (5 µg/kg; MA-IM), butorphanol (0.3 mg/kg; BA-IM), or medetomidine-
butorphanol (5 µg/kg and 0.3 mg/kg, respectively; MBA-IM). Each dog received 9 treatments 
with minimum 7-day washout period between treatments. Dogs were allowed to breath 
room air during anesthetic induction. We attempted endotracheal intubation after alfaxalone 
administration. Alfaxalone produced a dose-dependent anesthetic effect in each anesthetic 
protocol. Intubation was achieved in 4 out of 6 dogs that received MA-IM and BA-IM with 2.5 
mg/kg alfaxalone and in all dogs that received MBA-IM with 1, 2.5, and 5 mg/kg alfaxalone. The 
median durations [minimum–maximum] of accepting intubation were 79 [0–89], 97 [84–120], 
and 117 [84–217] min, respectively. Hypotension (mean arterial blood pressure <60 mmHg) did 
not develop, but bradycardia (heart rate <60 beats/min) was observed in all dogs that received 
the MA-IM and MBA-IM protocols. Severe hypoxemia (percutaneous arterial oxygen saturation 
<90%) developed in 2 dogs that received MBA-IM with 5 mg/kg alfaxalone. We consider that the 
MA-IM and BA-IM protocols with ≥2.5 mg/kg alfaxalone and the MBA-IM protocol with 1–2.5 mg/
kg alfaxalone could provide clinically useful and effective anesthesia without causing severe 
cardiorespiratory depression in healthy dogs.
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General anesthesia is an indispensable medical procedure, and injectable anesthetics are commonly used in modern veterinary 
practice. Subcutaneous or intramuscular (IM) injectable anesthetic agents are very important and useful, particularly when 
intravenous (IV) administration is difficult in fractious, fearful, or excited patients. IM administration of ketamine in combination 
with benzodiazepines, α2-adrenoceptor agonists (α2-agonists), and/or opioids has been widely used to induce general anesthesia in 
dogs because of its availability and efficacy [7, 26]. However, ketamine is legally controlled, and its usage is severely restricted in 
many countries.

Alfaxalone is a synthetic neuroactive steroid molecule that causes neuro-depression and muscular relaxation associated with 
the gamma-aminobutyric acid A (GABAA) receptor in the central nervous system [2, 4]. In the past decade, a new alfaxalone 
formulation that is solubilized with 2-hydroxypropyl-beta-cyclodextrin has been approved and is used as an IV anesthetic agent for 
dogs and cats in many countries because of its smooth induction, rapid recovery, and minimal cardiorespiratory depression [4, 9, 
14]. It was also reported that IM administration of 7.5 to 10 mg/kg alfaxalone produced anesthetic effects that enabled endotracheal 
intubation with mild cardiorespiratory depression in dogs; however, some undesirable events, including transient muscular tremors 
and ataxia, were observed during recovery [24]. In addition, the clinical application of anesthetic IM alfaxalone may be difficult 
due to the large dosage volumes (0.75–1 ml/kg) [24].

The use of anesthetics with different mechanisms of action may reduce the dose or side effects of individual anesthetics. In 
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recent years, two prospective trials have reported that small doses of combined IM administration with medetomidine, butorphanol, 
and alfaxalone provide an anesthetic effect that could be clinically applied in dogs [11, 23]. Lee et al. [11] reported that IM 
co-administration of 10 µg/kg medetomidine, 0.1 mg/kg butorphanol, and 1.5 mg/kg alfaxalone induced an anesthetic effect 
that ensured the maintenance of endotracheal intubation with substantial cardiorespiratory depression in dogs. Tamura et al. 
[23] reported that IM co-administration of 2.5 µg/kg medetomidine, 0.25 mg/kg butorphanol, and 2.5 mg/kg alfaxalone allowed 
endotracheal intubation without severe cardiorespiratory depression in dogs.

Medetomidine is a highly selective α2-agonist that is commonly used as premedication before the induction of anesthesia to 
provide sedation and analgesia by causing dose-dependent cardiovascular depression (bradycardia) and a decrease in cardiac output 
[10, 15, 20]. In addition, medetomidine should not be used in dogs with heart disorders, such as mitral valve regurgitation, because 
of its strong vasoconstrictor effects [18]. Meanwhile, butorphanol is a synthetic opioid with κ-agonist and µ-antagonist properties 
that can be used to provide sedation and analgesia in dogs, with minimal cardiopulmonary depression [25]. Alternatively, since the 
analgesic effect of butorphanol has a ceiling effect [16], µ-agonists, such as fentanyl or morphine, could not be added as rescue 
analgesia during surgery even if the dogs feel more pain [17].

For the reasons just provided, the use of medetomidine or butorphanol may be avoided in some clinical situations. However, 
as far as we know, no study has examined the sedative effects of a clinically appropriate dose of alfaxalone with medetomidine-
butorphanol, medetomidine, or butorphanol. Herein, we aimed to evaluate the induction, anesthesia, cardiorespiratory effects, and 
recovery of IM anesthetic protocol with different doses (1, 2.5, and 5 mg/kg) of alfaxalone following premedication with low-dose 
medetomidine (5 µg/kg) alone, butorphanol (0.3 mg/kg) alone, or a combination of both (medetomidine–butorphanol) in dogs.

MATERIALS AND METHODS

Experimental animals
We used 6 intact adult beagles (age, 1 year; male, 3; female, 3; body weight: median, 9.9 kg; range, 7.3–12.3 kg) in the 

present study. The dogs were in good to excellent health based on physical examination, blood cell count, and serum biochemical 
examination. Food was withheld from the dogs for 12 hr before each drug treatment, but they were allowed free access to water. 
The dogs were cared for according to the principles of the Guide for the Care and Use of Laboratory Animals prepared by Rakuno 
Gakuen University. The Animal Care and Use Committee of Rakuno Gakuen University approved the present study design 
(approval no. VH14B10).

Study design
We used a randomized crossover study design. All dogs were assigned 9 occasions by a computer-generated randomized 

table and were administered 9 different anesthetic treatments with a 7-day washout period between each treatment. The dogs 
were anesthetized with 1, 2.5, or 5 mg/kg alfaxalone IM (Alfaxan; Meiji Seika Pharma, Co., Ltd., Tokyo, Japan) 15 min after 
premedication with 5 µg/kg medetomidine IM (Domitor; Nippon Zenyaku Kogyo, Co., Ltd., Fukushima, Japan) (MA-IM 
anesthetic protocol: MA-1, MA-2.5, or MA-5 treatment, respectively), 0.3 mg/kg butorphanol (Vetorphal; Meiji Seika Pharma, 
Co., Ltd.) (BA-IM anesthetic protocol: BA-1, BA-2.5, or BA-5 treatment, respectively), or medetomidine–butorphanol (dose 
same as above; MBA-IM anesthetic protocol: MBA-1, MBA-2.5, or MBA-5 treatment, respectively) on each occasion. Each 
IM premedication dose was injected into the right dorsal lumbar muscle of the dogs using a 23-gauge, 1-inch (2.54 cm) needle 
(TOP injection needle; TOP Co., Ltd., Tokyo, Japan) and a 1-ml plastic injection syringe (Nipro syringe; Nipro Co., Ltd., Osaka, 
Japan). Each IM alfaxalone dose was injected in a similar manner using a 5- or 10-ml plastic injection syringe (Nipro syringe; 
Nipro Co., Ltd.). The dogs were allowed to breathe room air spontaneously throughout the experiment and were intubated with 
an endotracheal tube (inner diameter 7.5 mm endotracheal tube with cuff; Fuji Systems Corp., Tokyo, Japan) when possible. 
Extubation was performed when the dogs recovered their laryngeal reflex. The anesthetic and cardiorespiratory effects were 
evaluated in the dogs before premedication (baseline) and at 0 (i.e., 15 min after premedication and just before IM administration 
of alfaxalone), 5, 10, 15, 20, 30, 45, 60, 90, 120, and 180 min after the IM administration of alfaxalone.

Evaluation of anesthetic effect
The anesthetic effect was evaluated by the quality of anesthetic induction (including the ease of endotracheal intubation), quality 

of recovery from anesthesia, and the degree of neuro-depression. The qualities of anesthetic induction and recovery were assessed 
using numerical scoring systems (1: poor, 2: moderately smooth, 3: quite smooth, 4: very smooth) previously used in dogs [22]. 
Neuro-depression was subjectively evaluated by a composite measurement scoring system previously used in dogs [5, 23, 27]. The 
scoring system comprised 6 categories: spontaneous posture (0–4), placement on side (0–3), response to noise (0–4), jaw relaxation 
(0–2), general attitude (0–3), and nociceptive response to toe-pinch (0–3). The total neuro-depressive score was calculated as the 
sum of the scores of the 6 categories, with a maximum score of 19. A well-trained observer (K.N.), who was blind to the anesthetic 
treatments, evaluated the anesthetic effect of the treatments using these scoring systems. In addition, the following time durations 
were recorded: time between alfaxalone administration and onset of lateral recumbency (time until onset to lateral recumbency; 
sec); time between alfaxalone administration and achievement of endotracheal intubation (time until intubation; min); time 
between achievement of intubation and removal of endotracheal tube (duration of intubation; min); time between onset of lateral 
recumbency and head lift (duration of lateral recumbency; min); time between head lift and standing position (standing time; min).
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Measurements of cardiorespiratory valuables
Lead II electrocardiography (ECG), rectal temperature (RT; °C), heart rate (HR; beats/min), respiration rate (RR; breaths/min), 

and non-invasive mean arterial blood pressure (NMABP; mm Hg) were recorded before IM premedication and every 5 min 
until the dogs could lift their head or 180 min after alfaxalone administration. In addition, percutaneous arterial oxygen saturation 
(SpO2; %) and partial pressure of end-expiratory carbon dioxide (ETCO2; mm Hg) were measured after alfaxalone administration. 
RT was measured using a veterinary digital thermometer (Thermoflex TF8731; Astec Co., Ltd., Tokyo, Japan). ECG, HR, RR, 
ETCO2, and SpO2 were measured using a patient monitoring system (DS-7210 System; Fukuda Denshi Co., Ltd., Tokyo, Japan). If 
necessary, HR and RR were additionally measured with a stethoscope and by observing thoracic movements, respectively. ETCO2 
was measured in dogs that achieved endotracheal intubation using mainstream capnography (Mainstream Unit MGU-721; Fukuda 
Denshi Co., Ltd.). SpO2 was measured using an SpO2 probe (Nellcor Sensor DS-100A; Fukuda Denshi Co., Ltd.) placed on the 
tongue. NMABP was measured using a veterinary oscillometer blood pressure device (petMAP graphic; Atom Vets Medical Co., 
Ltd., Kyoto, Japan) and a veterinary pressure cuff (Clitter cuff; Atom Vets Medical Co., Ltd.) with a width of approximately 40% of 
the circumference of the measuring site; it was placed around the clipped tail base of each dog.

Statistical analysis
Data were reported as the number of dogs in each anesthetic treatment or the median [minimum–maximum] calculated from the 

total of 6 dogs. The number of dogs that showed lateral recumbency and accepted intubation was compared by Fisher’s exact test. 
The total neuro-depressive score, RT, HR, RR, and NMABP obtained before premedication and at 0 min were statistically compared 
using the Friedman test. The data obtained after the IM administration of alfaxalone were statistically compared among the different 
anesthetic protocols, i.e., those using different IM doses of alfaxalone with the same IM premedication and those using different IM 
premedications with the same IM dose of alfaxalone. Changes in the total neuro-depressive score and the scores of the 6 categories, 
qualities of anesthesia induction and recovery, and cardiorespiratory valuables were analyzed by the Friedman test. The Scheffe test 
was used as post-hoc test for the same. The times until onset of lateral recumbency and intubation, durations of intubation and lateral 
recumbency, and standing times were analyzed by the Kruskal–Wallis and Steel–Dwass tests to analyze data with missing values 
because some dogs were recovered. All analyses were conducted with a proprietary software package (BellCurve for Excel; Social 
Survey Research Information Co., Ltd., Tokyo, Japan). A P-value <0.05 was considered statistically significant.

RESULTS

Sedative and cardiorespiratory effects produced by premedication
Marked sedation that made the dogs relaxed and positioned in lateral recumbency was observed 15 min after drug administration 

(at 0 min) in 15 out of 18 occasions (83.3%) of medetomidine–butorphanol premedication. Meanwhile, premedication with either 
medetomidine or butorphanol alone produced inadequate sedation that did not produce lateral recumbency in any dog. Marked 
salivation was observed in 3 (16.7%) of 18 occasions of butorphanol premedication. No dog exhibited vomiting after any form of 
premedication.

Changes in the total neuro-depression score, RT, HR, RR, and NMABP produced by each premedication are summarized in 
Table 1. The total neuro-depression score increased to a median score ≥11.5 at 0 min in medetomidine–butorphanol premedication, 
whereas the median scores were ≤2.5 and ≤4 at 0 min in the medetomidine-alone and butorphanol-alone protocols, respectively. 
There was no significant change in the RT and NMABP after each premedication. HR decreased significantly to <60 beats/min 
after the medetomidine-alone and medetomidine–butorphanol protocols (P<0.001 in both). In addition, RR decreased significantly 
to <18 breaths/min after medetomidine–butorphanol premedication (P=0.022).

Anesthetic effect produced by IM alfaxalone after premedication
Painful or uncomfortable reactions, such as aggression, avoidance, escape, screaming, and yelping, were observed in 2 dogs 

that received MA-1, MA-2.5, MA-5, and BA-1 treatments, respectively, and in 1 dog that received BA-5 and MBA-5 treatments, 
respectively.

Except for 2 dogs who received BA-1 treatment, the rest of the dogs were positioned in lateral recumbency after alfaxalone 
administration. Endotracheal intubation was achieved in 4 dogs that received MA-2.5, BA-2.5, and BA-5 treatments and all 
dogs that received MA-5, MBA-1, MBA-2.5, and MBA-5 treatments. The median scores [minimum–maximum] of the quality 
of anesthetic induction were 1 [1, 1], 2 [1, 2], and 2 [2, 2] for the MA-1, MA-2.5, and MA-5 treatments, respectively; 1 [1, 1], 
2 [1, 2], and 2 [1, 2] for the BA-1, BA-2.5, and BA-5 treatments, respectively; and 2 [1–3], 2 [2, 3], and 4 [2–4] for the MBA-
1, MBA-2.5, and MBA-5 treatments, respectively. When comparing the protocols using different doses of alfaxalone with the 
same premedication, significantly higher scores for the quality of anesthetic induction were detected in MA-5 than that in MA-1 
(P=0.011) and in MBA-5 treatment than that in MBA-1 (P=0.024). When comparing the anesthetic treatments that used different 
premedications with the same dose of alfaxalone, the quality of anesthetic induction was higher in MBA-1 than that in MA-1 
(P=0.024) and BA-1 (P=0.024) and also in MBA-5 than that in BA-5 (P=0.018).

Table 2 summarizes the time until onset of lateral recumbency, time until intubation, duration of intubation, duration of lateral 
recumbency, and standing time. The time until onset of lateral recumbency and time until intubation were shorter in the MBA 
groups than those in the MA and BA groups. The time duration of intubation and the duration of lateral recumbency were also 
longer in the MBA groups than those in the MA and BA groups. There were no significant differences in the standing time among 
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the anesthetic treatments.
The median [minimum–maximum] recovery scores were 4 [4, 4] for MA-1, MA-2.5, MA-5, and MBA-2.5; 4 [2–4] for BA-1, 

BA-2.5, MBA-1, and MBA-5; and 3 [2–4] for BA-5. There were no significant differences in the recovery score among the groups.
Figure 1 shows the total neuro-depressive score-time profiles. Alfaxalone administration produced a rapid and dose-dependent 

increase in the total neuro-depressive score. MBA-IM produced synergic increases in the total neuro-depressive score as compared 
with MA-IM and BA-IM. The median of the total neuro-depressive score reached the maximum (19) in MBA-5 at 10–20 min after 
alfaxalone administration. The median of the total neuro-depressive score (>17) was achieved at 15–20 min in MA-2.5, at 5–15 min 
in MBA-1, at 5–30 min in MA-5 and MBA-2.5, and at 5–45 min in MBA-5. The median value of the total neuro-depressive score 
was higher and longer according to alfaxalone dose. The MBA-IM groups maintained a higher total neuro-depressive score than the 
MA-IM and BA-IM groups. The details of each categorical score are shown in the Supplementary Fig. 1.
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Table 1.	 Sedative and cardiorespiratory effects produced by premedication with an intramuscular (IM) administration of medetomidine (5 µg/kg) 
alone, butorphanol (0.3 mg/kg) alone, or combination of both in dogs

Anesthetic 
treatment

Total neuro-depressive score Rectal temperature (°C) Heart rate (beats/min) Respiratory rate (breaths/min) Non-invasive mean arterial 
blood pressure (mmHg)

before 
premedication

at 15 min after 
premedication

before 
premedication

at 15 min after 
premedication

before 
premedication

at 15 min after 
premedication

before 
premedication

at 15 min after 
premedication

before 
premedication

at 15 min after 
premedication

Medetomidine
MA-1 2 [1, 2] 2 [2–7] 38.7 [38.0–38.8] 38.7 [38.0–38.9] 96 [64–112] 50 [36–64]a 26 [16–36] 24 [16–48] 142 [105–183] 102 [100–116]
MA-2.5 2 [1, 2] 2 [1–3] 38.4 [37.7–39.4] 38.8 [37.5–39.1] 96 [80–108] 60 [44–72]a 20 [16–40] 20 [16–40] 119 [89–158] 116 [103–166]
MA-5 2 [1, 2] 2.5 [1–4] 38.6 [38.3–39.1] 38.8 [37.8–39.1] 72 [64–108] 47 [34–56]a 39 [20–80] 24 [16–36] 129 [100–152] 113 [95–150]

Butorphanol
BA-1 2 [1, 2] 3.5 [3–5] 38.6 [38.2–39.0] 38.7 [38.1–39.2] 102 [72–124] 82 [68–100] 28 [24–96] 22 [16–92] 120 [89–141] 92 [82–99]
BA-2.5 2 [2, 2] 4 [2–7] 38.7 [38.1–39.1] 38.9 [38.0–39.2] 92 [72–124] 79 [68–104] 37 [20–56] 24 [16–24] 112 [92–151] 96 [86–115]
BA-5 2 [2, 2] 2 [2–6] 38.7 [38.4–39.0] 38.7 [38.4–39.2] 96 [88–124] 88 [68–116] 34 [24–92] 22 [12–48] 121 [101–140] 99 [80–111]

Medetomidine and Butorphanol
MBA-1 2 [1, 2] 12.5 [9–15] a 39.0 [38.7–39.9] 39.0 [38.1–39.4] 128 [80–144] 46 [40–72] a 40 [28–96] 14 [8–20] a 121 [104–144] 105 [97–158]
MBA-2.5 2 [1, 2] 11.5 [3–13] a 38.8 [38.0–39.0] 38.6 [38.3–39.0] 116 [88–164] 48 [32–60] a 38 [20–44] 18 [12–32] a 106 [92–124] 115 [54–121]
MBA-5 2 [1, 2] 12.5 [9–15] a 38.6 [38.3–39.1] 38.7 [38.2–39.1] 116 [88–160] 43 [36–52] a 30 [20–36] 14 [10–20] a 118 [101–123] 118 [102–125]

Data was reported as median [minimum-maximum] caliculated from 6 dogs. MA-1: the dogs were premedicated with medetomidine at 5 µg/kg IM and then 
received alfaxalone at 1 mg/kg IM. MA-2.5: the dogs were premedicated with medetomidine at 5 µg/kg IM and then received alfaxalone at 2.5 mg/kg. MA-5: 
the dogs were premedicated with medetomidine at 5 µg/kg IM and then received alfaxalone at 5 mg/kg IM. BA-1: the dogs were premedicated with butorphanol 
at 0.3 mg/kg IM and then received alfaxalone at 1 mg/kg IM. BA-2.5: the dogs were premedicated with butorphanol at 0.3 mg/kg IM and then received 
alfaxalone at 2.5 mg/kg IM. BA-5: the dogs were premedicated with butorphanol at 0.3 mg/kg IM and then received alfaxalone at 5 mg/kg IM. MBA-1: the 
dogs were premedicated with medetomidine at 5 µg/kg and butorphanol at 0.3 mg/kg IM and then received alfaxalone at 1 mg/kg IM. MBA-2.5: the dogs were 
premedicated with medetomidine at 5 µg/kg and butorphanol at 0.3 mg/kg IM and then received alfaxalone at 2.5 mg/kg. MBA-5: the dogs were premedicated 
with medetomidine at 5 µg/kg and butorphanol at 0.3 mg/kg IM and then received alfaxalone at 5 mg/kg IM. Significant difference from the data recorded before 
the premedication: a) P<0.05.

Table 2.	 Times related to anesthetic effect after intramuscular (IM) dose of alfaxalone in premedicaded dogs

Anesthetic treatment Time until lateral 
(sec)

Time until 
intubation (min)

Duration of intubation 
(min)

Duration of lateral 
recumbency (min)

Standing time 
(min)

Medetomidine
MA-1 262 [150–915] (6) N. D. (0) N. D. (0) 41 [16–60] (6) 2 [0–26] (6)
MA-2.5 245 [141–630] (6) 12 [12–17] (4) 34 [28–34] (4) 52 [35–86] (6) 1 [0–30] (6)
MA-5 113 [70–175] (6) a, b 9.5 [7–14] (6) 50 [34–82] (6) 85 [43–126] (6) a 4 [1–9] (6)

Butorphanol
BA-1 1,000 [276–1,250] (4) N. D. (0) N. D. (0) 1 [0–42] (6) 0 [0–0] (6)
BA-2.5 209 [165–990] (6) 15 [7–18] (4) 19 [0–50] (4) 49 [30–72] (6) d 1 [0–2] (6)
BA-5 311 [115–440] (6) c 10 [8–23] (4) 67 [0–81] (4) 83 [56–118] (6) d, e 1 [0–9] (6)

Medetomidine and Butorphanol
MBA-1 0 [0–105] (6) aa, d 8 [4–13] (6) 82 [57–89] (6) 89 [61–92] (6) a, d 1 [0–91] (6)
MBA-2.5 0 [0–180] (6) b, e 7.5 [4–13] (6) b 97 [84–120] (6) b 105 [90–130] (6) b, e 1 [0–35] (6)
MBA-5 0 [0–0] (6) cc, ff 6 [3–7] (6) c, f 116 [84–217] (6) c, g 122 [90–220] (6) f, g 1 [0–28] (6)

Data was reported as median [minimum-maximum] and the number of dogs used to calculate the median was shown in parentheses. N. D.: not done. 
Time until onset to lateral recumbency: time from the IM administration of alfaxalone to the onset of lateral recumbency. Time until intubation: time 
from the IM administration of alfaxalone to the achievement of endotracheal intubation. Duration of intubation: time from the achievement of intubation 
to the removal of endotracheal tube. Duration of lateral recumbency: from the onset of lateral recumbency to head lift. Standing time: time from head lift 
to standing position. See the explanation in regarding nine anesthesia treatments in Table 1. Significant difference from MA-1: a) P<0.05, aa) P<0.01. 
Significant difference from MA-2.5: b) P<0.05. Significant difference from MA-5: c) P<0.05, cc) P<0.01. Significant difference from BA-1: d) P<0.05. 
Significant difference from BA-2.5: e) P<0.05. Significant difference from BA-5: f) P<0.05, ff) P<0.01. Significant difference from MBA-1: g) P<0.05.
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Changes in cardiorespiratory valuables produced by IM 
alfaxalone after premedication

Tables 3 and 4 summarize the changes in cardiorespiratory 
valuables in dogs that received alfaxalone following premedication. 
Some cardiorespiratory valuables were not recorded because 
of a very light sedative level or awakening. After alfaxalone 
administration, the RT decreased gradually in a similar manner in 
all treatments. As mentioned above, significant decreases in the HR 
and bradycardia (HR <60 beats/min) were observed in dogs that 
received medetomidine alone and medetomidine–butorphanol, and 
bradycardia persisted even after alfaxalone administration. No dog 
developed hypotension (NMABP <60 mmHg) in any anesthetic 
treatment following alfaxalone administration. RR decreased after 
alfaxalone administration in all anesthetic treatments. SpO2 could 
not be measured in dogs that received BA-1 treatment because of 
their very light sedation level. Mild hypoxemia (90% ≤SpO2 <95%) 
was detected in 3, 2, and 4 dogs that received MA-1, MA-2.5, and 
MA-5, respectively; in 5 and 6 dogs that received BA-2.5 and BA-5, 
respectively; and in 4, 6, and 3 dogs that received MBA-1, MBA-
2.5, and MBA-5, respectively. Severe hypoxemia (SpO2 <90%) 
developed in 2 dogs that received MBA-5 treatment. There were 
no significant differences between the treatments in the incidence 
of these hypoxemias. ETCO2 was not measured in the dogs that 
received MA-1 and BA-1 treatments because no dogs accepted the 
endotracheal intubation. Mild hypercapnia (45 <ETCO2 ≤50 mm Hg) 
was detected in a dog that received MA-5 treatment.

DISCUSSION

Intramuscular administration of alfaxalone was able to provide a 
dose-dependent anesthetic effect and smooth recovery in dogs when 
administered after IM premedication with 5 µg/kg medetomidine 
alone, 0.3 mg/kg butorphanol alone, or a combination of the two 
drugs. The alfaxalone dose required for induction and adequate 
neuro-depressive effect was ≥2.5 mg/kg for MA-IM and BA-IM and 
≥1 mg/kg for MBA-IM. The MBA-IM anesthetic protocol produced 
rapid anesthetic induction, thereby allowing endotracheal intubation 
and resulting in a strong neuro-depressive effect in a dose-dependent 
manner, as compared with MA-IM and BA-IM. Although MBA-IM 
produced a better quality of anesthetic induction than MA-IM and 
BA-IM, some dogs with alfaxalone 5 mg/kg in MBA-IM had severe 
hypoxemia. We consider that the MBA-IM protocol using 1–2.5 mg/
kg alfaxalone could provide clinically useful and effective anesthesia 
without causing severe cardiorespiratory depression in healthy dogs.

The composite measurement scoring system and the total 
neuro-depression score employed in the present study have been 
previously used to evaluate sedative effect in dogs [5, 23, 27]. In 
the present study, 5 µg/kg medetomidine alone (median score ≤2.5) or 0.3 mg/kg butorphanol alone (median score ≤4) produced 
inadequate sedation, whereas combined 5 µg/kg medetomidine and 0.3 mg/kg butorphanol IM premedication produced adequate 
sedation with a remarkable increase in the total neuro-depression score (median score ≥11.5) in 15 min. Therefore, the neuro-
depression score was improved by the synergic effect of using a combination of medetomidine and butorphanol. The increase in 
the total neuro-depression score produced by medetomidine–butorphanol was similar to the score produced by IM administration 
of 10–20 µg/kg medetomidine alone in dogs [27]. In contrast to the synergic sedative effect, 5 µg/kg medetomidine and 0.3 mg/
kg butorphanol caused cardiorespiratory depressions that were comparable to those observed in the case of 5 µg/kg medetomidine 
alone, such as a clinically acceptable decrease in HR and RR. Our results agreed with those of previous reports, where dogs were 
administered low-dose IM or IV medetomidine in combination with butorphanol [5, 19].

Tamura et al. [24] reported that IM administration of alfaxalone alone produced a dose-dependent anesthetic induction effect 
that enabled endotracheal intubation at ≥7.5 mg/kg (0.75 ml/kg) in dogs. In this study, the authors suggested that the volume of this 
dose was too large for IM administration. Maddern et al. [12] reported that a combination of 4 µg/kg medetomidine and 0.1 mg/
kg butorphanol reduced the anesthetic induction dose of IV alfaxalone compared with either agent alone in dogs; the mean doses of 

53–61, 2021

Fig. 1.	 Total neuro-depressive score–time profiles after intra-
muscular administration of alfaxalone in dogs premedicated 
with medetomidine alone (a), butorphanol alone (b), and 
medetomidine-butorphanol combination (c). Each plot and 
error bar represented a median value and percentiles (25th 
and 75th) of total sedation score from 6 dogs administered 
alfaxalone at 1 mg/kg (▲), 2.5 mg/kg (●), and 5 mg/kg (■), 
respectively.
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alfaxalone required for induction were 1.2 mg/kg for medetomidine or butorphanol alone and 0.8 mg/kg for a combination of both. 
In the present study, we examined the appropriate anesthetic induction dose of alfaxalone via intramuscular administration; the 
alfaxalone dose required for induction was achieved in all MBA-IM protocols. In other words, intramuscular administration of 1 
mg/kg alfaxalone following 5 µg/kg medetomidine and 0.3 mg/kg butorphanol could provide anesthetic effects comparable to those 
reported previously [12]. In addition, MBA-IM produced a better quality of anesthetic induction than MA-IM and BA-IM, and 
these results were also consistent with previous reports [12]. Thus, MBA-IM might produce the largest sparing effect of alfaxalone 
with a better quality of anesthetic induction that enabled endotracheal intubation by a synergic effect produced by a combination of 
low-dose medetomidine and butorphanol.

MBA-IM showed a prolonged dose-dependent anesthetic effect and produced a significant increase in the total neuro-depressive 
score as compared with MA-IM and BA-IM. Lee et al. [11] reported that co-administration of 10 µg/kg medetomidine, 0.1 mg/kg 
butorphanol, and 1.5 mg/kg alfaxalone produced anesthetic effects such that the dogs were able to accept endotracheal intubation 
for 89 min. Tamura et al. [23] reported that co-administration of 2.5 µg/kg medetomidine, 0.25 mg/kg butorphanol, and 2.5 mg/kg 
alfaxalone produced an anesthetic effect such that 5 out of 6 healthy dogs were able to accept endotracheal intubation for 60 min. 
As compared to these previous reports, in our study, we inferred that MBA with alfaxalone at 1–2.5 mg/kg might produce similar 
anesthetic and cardiorespiratory effects as well as those previous reports [11, 23]. In addition, 4 out of 6 dogs in the MA-IM and 
BA-IM protocols with 2.5 mg/kg alfaxalone IM were able to accept endotracheal intubation. It was considered that the present 
results could serve as a guide in determining the dose of alfaxalone for dogs in which medetomidine or butorphanol could not be 
used, as described above.

In the present study, clinically relevant bradycardia was observed in dogs that received MA-IM and MBA-IM, but no 
hypotension was observed in any dog. Pypendop et al. [20] reported that low-dose IV medetomidine induced dose-dependent 
cardiovascular depression, including transient hypertension, baroreceptor mediated bradycardia, and decreased cardiac output 
followed by initial peripheral vasoconstriction. As mentioned above, the combination of low-dose IM medetomidine and 
butorphanol provided synergic sedation without worsening the cardiorespiratory depression caused by low-dose medetomidine 
alone [5]. Thus, in our study, the bradycardia in dogs that received MA-IM and MBA-IM was most likely caused by a 
baroreceptor-mediated reflex response associated with medetomidine administration [10, 20, 22].

Hypoxemia associated with the decrease in RR was observed in all dogs that received the MA-IM, BA-IM, and MBA-IM 
protocols even though each dog maintained spontaneous breathing. Tamura et al. [24] reported that hypoxemia associated with 
a decrease in RR was observed in a dose-dependent manner following the IM administration of 5, 7.5, and 10 mg/kg alfaxalone, 
while the cardiovascular status was well-maintained. In contrast, Maney [13] reported that low IM doses of alfaxalone alone at 1 
and 2 mg/kg produced no change in RR in dogs, and Cruz-Benedetti et al. [1] reported that there were no significant changes in 
oxygenation even though the RR decreased significantly in dogs that received 4 mg/kg alfaxalone IM. Lee et al. [11] reported that 
a combination of 10 µg/kg medetomidine, 0.1 mg/kg butorphanol, and 1.5 mg/kg alfaxalone caused severe hypoxemia associated 
with a decrease in RR in healthy dogs. Tamura et al. [23] reported that the combination of 2.5 µg/kg medetomidine, 0.25 mg/
kg butorphanol, and 2.5 mg/kg alfaxalone caused a significant decrease in RR without clinically relevant hypoxemia in healthy 
dogs. In our study, the hypoxemia might have been caused by hypoventilation due to a decrease in RR associated with alfaxalone 
administration or by synergic respiratory depression associated with low-dose medetomidine and butorphanol administration.

Vomiting is a well-known side effect of medetomidine and was observed in 8–20% of dogs that received moderate and high doses 
of medetomidine in a previous study [22]. In the present study, no dog exhibited vomiting after receiving 5 µg/kg medetomidine 
alone and in combination with 0.3 mg/kg butorphanol. The occurrence of vomiting in dogs that received low-dose IV (1–2.5 µg/
kg) medetomidine alone has not been documented [5, 19]. In addition, butorphanol produced central antiemetic properties through 
the opioid receptor and effectively reduced the vomiting induced by medetomidine [6]. We speculate that low-dose medetomidine 
might cause lesser vomiting, and the co-administration of low-dose medetomidine and butorphanol might prevent medetomidine-
induced vomiting. Meanwhile, 3 dogs had salivation after administration of butorphanol alone. The package insert of butorphanol 
states that salivation may be permitted. Although it was difficult to distinguish whether salivation was associated with nausea or not, 
parasympathetic stimulation by butorphanol might cause serous salivation from the salivary glands [17].

Adverse effects, such as involuntary muscle tremors and transient ataxia, have been reported during the recovery period in 
dogs receiving IM alfaxalone alone [13, 24]. Meanwhile, there was a report that the quality of recovery after co-administration of 
medetomidine, butorphanol, and alfaxalone was better and had less undesirable events as compared with IM alfaxalone alone [23, 
24]. Premedication with buprenorphine and acepromazine [8] or co-administration of dexmedetomidine [21] reportedly improves 
the quality of recovery from total intravenous anesthesia with alfaxalone in dogs. These findings indicate that premedication or 
co-administration of sedative and analgesic drugs may improve the quality of recovery from alfaxalone anesthesia. In the present 
study, almost all the dogs recovered rapidly and smoothly from each anesthetic protocol following their head lift. Particularly, 
alfaxalone administration for dogs with low-dose of medetomidine with or without butorphanol showed good recovery. Using low-
dose medetomidine or butorphanol alone and in combination with alfaxalone might be related to lower occurrence of undesirable 
events during the recovery period.

A limitation this study has is that premedication and alfaxalone were not administered at the same time. The European 
Federation of Pharmaceutical Industries Associations and the European Centre for the Validation of Alternative Methods provide 
a guideline for the administration of IM volumes [3]. The reported IM volume considered as good practice is 0.25 ml/kg, and the 
maximal dose volume is 0.5 ml/kg in dogs [3]. This is to avoid discomfort in animals due to the large volume of the drugs (i.e., 
>0.5 ml/kg; BA-5, MA-5, and MBA-5) in this study. Therefore, we could not determine whether the same results could be obtained 
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if these drugs were administered at the same time. However, from the results of this study, a dose of alfaxalone 1–2.5 mg/kg (i.e., 
almost 0.1–0.25 ml/kg) was required to obtain an anesthetic effect in combination with medetomidine and/or butorphanol. Further 
studies are needed to establish the anesthetic and cardiorespiratory effects of the co-administration of these drugs.

In conclusion, a dose-dependent anesthetic effect with alfaxalone and smooth recovery was provided by IM alfaxalone following 
IM premedication with low-dose medetomidine (5 µg/kg) alone, butorphanol (0.3 mg/kg) alone, and a combination of both. The 
dose of alfaxalone required for induction and adequate neuro-depressive effect was ≥2.5 mg/kg for MA-IM and BA-IM. We 
also considered that the MBA-IM protocol using 1–2.5 mg/kg alfaxalone could provide clinically useful and effective anesthesia 
without causing severe cardiorespiratory depression in healthy dogs.
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