
SHORT COMMUNICAT ION

Cardiopulmonary and anesthetic effects of the combination

of butorphanol, midazolam and alfaxalone in Beagle dogs

Jeong-Im Seo*, Suk-Hee Han*, Ran Choi*, Janet Han†, Lyon Lee‡ & Changbaig Hyun*

*Section of Small Animal Internal Medicine, College of Veterinary Medicine, Kangwon National University, Chuncheon,

Korea

†Department of Equine Medicine, College of Veterinary Medicine, Seoul National University, Seoul, Korea

‡Department of Veterinary Anesthesia, College of Veterinary Medicine, Western University of Health Sciences, Pomona, CA,

USA

Correspondence: Changbaig Hyun, Section of Small Animal Internal Medicine, College of Veterinary Medicine, Kangwon National

University, Kangwon National University Road 1, Chuncheon, 200-701, Korea. E-mail: hyun5188@ kangwon.ac.kr

Abstract

Objective To evaluate the physiological variables,

arterial blood gas values, induction of anesthesia

quality, and recovery quality using the combination

of butorphanol, midazolam and alfaxalone in dogs.

Animals Ten healthy adult Beagle dogs weighing

8.3 � 3.1 kg.

Methods Rectal temperature (T), pulse rate (PR),

respiratory rate (fR), mean arterial pressure (MAP),

and arterial blood gases were measured and

recorded prior to intravenous (IV) administration

of butorphanol, prior to administration of both

midazolam and alfaxalone IV 10 minutes later, then

every 5 minutes for 20 minutes. M-mode echocar-

diographic left ventricular (LV) indices were mea-

sured before and 5 minutes after administration of

alfaxalone. Qualitative scores for induction of anes-

thesia and recovery were allocated, duration of

anesthesia and recovery were calculated, and

adverse events were recorded.

Results Scores for induction and recovery quality

were excellent. No significant adverse events were

observed. Mean � SD time from induction to extu-

bation and to standing (full recovery) was 29 � 6

and 36 � 8 minutes, respectively. There were sta-

tistically significant changes in PR, fR and MAP after

drug administration. Transient hypercarbia devel-

oped after alfaxalone injection. The echocardio-

graphic LV indices were reduced after alfaxalone

injection, although those changes were not statisti-

cally significant.

Conclusions and clinical relevance The combina-

tion of butorphanol, midazolam and alfaxalone

provided excellent quality of induction of anesthesia

and exerted minimal cardiopulmonary effects in

healthy dogs.
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Introduction

Alfaxalone (3a-hydroxy-5a-pregnane-11, 20-dione)
is a neurosteroid injectable anesthetic agent that is

widely used for induction of anesthesia in dogs and

cats (Ferr�e et al. 2006; Muir et al. 2008). In

contrast to propofol, alfaxalone is known to have

little or no cardiovascular effects when given at

clinical dose rates. In a study of compromised canine

patients [American Society of Anesthesiologists

(ASA) III–V] in which anesthesia was induced with

alfaxalone, the cardiovascular and respiratory effects

were considered as acceptable (Psatha et al. 2011).

Furthermore, alfaxalone has been safely adminis-

tered concomitantly with a range of drugs com-

1

Veterinary Anaesthesia and Analgesia, 2014 doi:10.1111/vaa.12223



monly used perioperatively (Pasloske et al. 2005).

However, fewer studies have been conducted to

evaluate the quality of anesthesia and cardiopulmo-

nary effects of alfaxalone combined with sedatives

and opioids in dogs. Therefore, this study was

performed to investigate the quality of anesthesia

and cardiopulmonary effects of alfaxalone combined

with butorphanol and midazolam in healthy mature

dogs.

Materials and methods

Approval of the animal ethics committee of Kang-

won National University was obtained for this

experiment prior to the commencement of the

study. Ten adult Beagle dogs (five male, five

female, mean body weight 8.3 � 3.1 kg, mean age

3.8 � 1.7 years) were used for this study. All dogs

were healthy based upon physical examination, and

evaluation of an electrocardiogram (ECG), and

serum chemistry and hematologic analyses.

Before anesthesia, a catheter (22 or 24 gauge, BD

Angiocath; Becton Dickinson, NJ, USA) was placed

in a cephalic vein and in a pedal artery. Dogs were

administered butorphanol (0.2 mg kg�1; Jaeil Phar-

maceutical, Korea) intravenously (IV), midazolam

(0.2 mg kg�1; Handok, Korea) IV 4 minutes after

administration of butorphanol, and alfaxalone

(2.0 mg kg�1; Jurox, Australia) IV over 1 minute,

5 minutes after administration of midazolam. After

alfaxalone administration, the tracheas of all dogs

were intubated and the animals were allowed to

breathe room air until extubation.

Arterial systolic (SAP), mean (MAP), and diastolic

(DAP) blood pressures, pulse rate (PR), respiratory

rates (fR), rectal temperature (T), and arterial pH and

blood-gas results were recorded before administra-

tion of medications (T0), immediately after admin-

istration of butorphanol (T1), immediately after

administration of midazolam (T5), immediately after

administration of alfaxalone (T10), and at 5 min-

utes (T15), 10 minutes (T20), 15 minutes (T25),

and 20 minutes after administration of alfaxalone

(T30). Arterial blood samples were anaerobically

collected from the pedal artery catheter and analyzed

within 1 hour of collection for arterial partial

pressure of oxygen (PaO2) and carbon dioxide

(PaCO2), oxygen saturation (SaO2), pH, base excess

(BE), and bicarbonate (HCO3
�) with a commercial

laboratory blood gas and chemistry analyzer (i-STAT

system; Abbott Laboratories, IL, USA) after correc-

tion for body temperature. The alveolar-arterial

oxygen gradient (P[A-a]O2) was calculated by the

following formulation: (FIO2[PB � PH2O] � PaCO2/

RQ) � PaO2. PB was the daily barometric pressure

as determined from the hand-held blood–gas ana-

lyzer and FIO2 = 0.21 for room air breathing, PH2O
was taken as 47 mmHg (saturated water vapor

pressure at 37 °C) and RQ was taken as 0.8

(respiratory quotient of unfasted dogs).

Direct arterial blood pressure measurement was

performed using a pressure transducer attached to a

multi-parameter anesthetic monitor (VSM7; Votem,

Korea). The blood pressure transducer (Transpac IV

Disposable Pressure Transducer; ICU medical, CA,

USA) was zeroed to atmospheric pressure at the level

of the sternum with the dog in right lateral recum-

bency. The monitor was calibrated prior to the study

according to the manufacturer’s instructions. PR

and fR were obtained manually. T was measured

using a rectal probe (VSM7; Votem).

Echocardiographic left ventricular (LV) indices

were measured in all dogs using M-mode echocar-

diography at the right parasternal short axis of left

ventricular papillary muscle level with an ultra-

sound unit (Sonoace 8000; Medison, Korea)

equipped with 3.0–8.5 MHz phased-array transduc-

ers. All echocardiographic measurements were per-

formed by the same experienced person (S-HH). Left

ventricular internal diameter in systole (LVIDs), left

ventricular internal diameter in diastole (LVIDd), %

fractional shortening (%FS), % ejection fraction (%

LVEF), stroke volume (SV, mL) and cardiac output

(CO, L) were measured by M-mode echocardiogra-

phy at LV papillary muscle level (Atkins et al. 1992)

before administration of any medications (T0) and

5 minutes after administration of alfaxalone (T15).

The CO was calculated as SV 9 heart rate (HR).

Quality of anesthetic induction and recovery were

scored using a standardized scale previously

described (Sams et al. 2008): Induction score 0

(smooth uncomplicated), 1 (uncomplicated), 2

(induction difficult), and 3 (induction rough); Recov-

ery score 0 (perfect, walking without ataxia, smooth

uncomplicated), 1 (good, walking with minimal

ataxia, uncomplicated), 2 (adequate, walking with

moderate ataxia, recovery difficult), 3 (rough,

walking with significant ataxia or crawling).

Duration of anesthesia was calculated as the time

from induction to extubation. Duration of recovery

was calculated as the time from extubation to

standing. Total procedure time was calculated as

the time from induction to standing. Evidence of

adverse events noted throughout induction and
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