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Abstract: Changes in the cardiovascular and bispectral index score were evaluated in dogs subjected to constant rate
infusion (CRI) with alfaxalone. Fifteen dogs were assigned to three groups of 5. Groups and doses of alfaxalone were
as follows: group 1, 3 mg/kg for induction and 6 mg/kg/h for CRI; group 2, 3 mg/kg for induction and 8 mg/kg/h
for CRI; and group 3, 3 mg/kg for induction and 10 mg/kg/h for CRI. CRI was maintained for 1 h. Respiratory rates
and blood pressures showed minimal changes; however, mild tachycardia and mild hypoxemia occurred, especially
in group 3. There were some disparities between bispectral index score, electromyography and pedal withdrawal reflex
test when measuring anesthetic depth. Additional premedications and/or analgesic agents would be helpful to avoid
adverse effects of alfaxalone and provide improved cardiopulmonary functions.
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Introduction

Total intravenous anesthesia (TIVA) is defined as a tech-

nique for general anesthesia, from induction to maintenance,

with drugs given only intravenous route. This method has

been used as an alternative method to inhalant anesthesia.

Variable regimes for TIVA have been tried in human and vet-

erinary medicine [5, 18].

The characteristics of ideal anesthetic agents for TIVA include

rapid onset, short half-life, rapid metabolism and clearance,

and absence of accumulation [10, 14]. The properties of

alfaxalone meet the requirement for using in TIVA [6, 20].

Alfaxalone is a synthetic neuroactive steroid and induces

hypnosis and muscle relaxation by interaction with the

gamma aminobutyric acid receptor. Alfaxalone has been first

introduced in 1971 as the name of althesin for the human

medicine and Saffan for veterinary property, which made as

co-formulation with alfadolone and a polyoxyethylated cas-

tor oil-based surfactant called Cremophor EL [6].

Although adverse effects of althesin (Saffan) were almost

not fatal in human, Cremophor EL-induced histamine release

by stimulating mast cell degranulation was predominantly

fatal in cats and dogs [15, 19], and this made Saffan unac-

ceptable. Recognized side effects of this formulation included

hyperemia and/or edema of the ear pinnae and forepaws,

laryngeal edema in cat [4, 16], and anaphylactoid reactions

concurrent with low arterial blood pressure, urticarial lesion

and skin erythema in dogs [3].

New formulation of alfaxalone, without Cremophor EL

and alfadolone, has been recently introduced and is now reg-

istered for use in dogs and cats as Alfaxan in Australia and

UK (Alfaxan-CD RTU; Jurox, Australia) [1, 13]. Alfaxalone

in Alfaxan solubilized in 2-hydroxypropyl-beta cyclodextrin

removing the commonly recorded side effects associated

with histamine release that resulted from the surfactant com-

ponent of the Saffan.

The purpose of our study was to describe the dose-related

change of cardiovascular parameter and bispectral index

score (BIS) in dogs anesthetized with constant rate infusion

(CRI) of alfaxalone.

Materials and Methods

Animals

The protocol was approved by the Kyungpook National

University Animal Ethics Committee (KNU2016-48). Fif-

teen beagle dogs were allocated randomly to 3 groups (each

group consisted of 5 dogs). The age of dogs was 2.4 ± 0.7

(mean ± SD) year and body weight was 8.4 ± 0.9 kg. All

dogs were healthy based upon physical examination, serum

chemistry and hematologic analyses.
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Procedures

One day before experiment, an arterial catheter (Pediatric

Jugular Catheterization Set; Arrow International, USA) was

inserted into the right femoral artery under anesthesia with

propofol (Provive 1%; Claris Lifesciences, India) and isoflu-

rane (Ifran; Hana Pharm, Korea). A bolus of 6 mg/kg propo-

fol was given slowly over 1 min for induction and anesthesia

was maintained with 2–3% isoflurane under 100% oxygen.

The arterial catheter secured with 3-0 nylon was filled with

saline diluted heparin (10 IU/mL) for anticoagulation. The

catheter was used for collecting of blood sample and measur-

ing hemodynamic values.

After catheterization, the frontal to temporal areas of the

head were clipped and shaved. An Elizabethan collar was

placed over the head to protect the inserted catheter and area.

Food, but not water, withheld for 12 h before catheter place-

ment.

At least 1 h before the experiment, for adequate acclima-

tion, the dogs were placed in the experimental room. The

shaved area of the head was scrubbed with an alcohol cotton

swab just before sensor attachment, and a BIS sensor (Pedi-

atric BIS QUATRO sensor; Aspect Medical Systems, USA)

was attached on the frontal to temporal areas of the head and

adhesive tapes were applied for security. Each electrode was

pressed for 5 sec for confirming the attachment. The arterial

catheter was connected to a polygraph (Model 7P1; Grass

Instruments, USA) and baseline values were checked in set-

ting position, and then, a 24 gauge intravenous catheter was

placed in the cephalic vein.

Anesthesia was induced and maintained with alfaxalone

(Alfaxan; Jurox) in all groups. Induction dose of intravenous

alfaxalone was injected over 60 sec, and CRI of alfaxalone

was followed by a syringe pump (Injectomat Agilia; Frese-

nius Kabi, France). After induction with 3 mg/kg of alfaxa-

lone in all groups, anesthesia was maintained for 1 h with 6

mg/kg/h in group 1, 8 mg/kg/h in group 2, and 10 mg/kg/h in

group 3, respectively.

During anesthesia, standard saline solution was infused

into all experimental dogs by 10 mL/kg/h. After induction of

anesthesia, dogs were positioned in right lateral recumbency.

Evaluation parameters

Respiratory rate: Respiratory rate was measured at −5

(baseline), 5, 10, 15, 30, 45 and 60 min after induction of

anesthesia. An aponea was defined as an absence of sponta-

neous ventilation over 1 min.

Hemodynamic measurement and blood gas parame-

ters: Systolic/diastolic arterial pressure (SAP/DAP) and heart

rate were recorded with the polygraph. Mean arterial blood

pressure was calculated based on systolic and diastolic pressure.

Blood analyses were carried out immediately after blood

sampling through the femoral arterial catheter. Arterial blood

pH, arterial carbon dioxide tension (PaCO2), arterial oxygen

tension (PaO2) and percentage haemoglobin oxygen satura-

tion (SaO
2
) were analyzed with a blood gas analyzer (i-STAT

Analyzer MN300; Abbott Point of Care, USA) and test car-

tridges (i-STAT G3+ cartridge; Abbott Point of Care).

Parameters were measured and recorded −5 (baseline), 5,

10, 15, 30, 45 and 60 min after induction of anesthesia.

Pedal withdrawal reflex test: A 5 inch hemostat forceps

was applied with one-rachet lock in the toe-web region for

10 sec. If there was purposeful movement, such as limb-

withdraw or head lift, it was regarded as positive and pinch-

ing was stopped immediately.

BIS and electromyograghy (EMG): BIS and EMG were

recorded during experiment with a BIS recorder (BIS VISTA

Monitoring System; Aspect Medical Systems) and extracted

by 5 min intervals. BIS and EMG values which had signal

quality indexes only above 50 were calculated.

Recovery times: Time to first head up, time to taking pos-

ture of sternal recumbency and time to walking were

recorded. Time to walking was defined as time taken to walk

at least 5 steps.

Statistical analysis

All data were expressed as mean ± SD. Data were statisti-

cally analyzed with IBM SPSS Statistics (ver. 19; IBM,

USA). The statistical differences among groups were ana-

lyzed with repeated measure analysis of variance (ANOVA)

followed by Bonferroni post-hoc test.

Results

Respiratory rate

No significant differences among groups were observed in

respiratory rate. Respiratory rates gradually decreased after

induction of anesthesia, but in group 1, respiratory rate slightly

increased at 5 min (Table 1). No aponea was occurred dur-

ing and after induction with alfaxalone in all dogs.

Hemodynamic measurement

The heart rates steeply increased between 0 to 5 min. In

group 3, the heart rates increased after alfaxolone administra-

tion (Table 1), and significant increases were observed at 15

to 30 min, comparing other groups.

Blood gas parameters

Although statistically meaningful increases of PaCO2 were

revealed in group 3 compared with baseline (Table 1), in

group 3, mean PaCO2 was over 45 mmHg after 30 min.

The values of PaO2 significantly decreased in group 3 at 10

min, but no meaningful changes were observed between

groups (Table 1). The dogs in group 3 have PaO2 values

under 80 mmHg after anesthesia.

There were no significant differences in SaO2 compared

with baseline (Table 1). SaO2 of group 3 was always below
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95 mmHg during anesthesia.

In arterial blood pH, some significant changes were observed

in group 2, compared with baseline, but within normal range

(Table 1).

Pedal withdrawal reflex test

Dosages of alfaxalone in groups 1 and 2 could not provide

sufficient analgesia to abolish pedal withdrawal reflex. In

group 3, all dogs were negative in pedal withdrawal reflex

test during entire anesthetic period (Table 2).

BIS and EMG

The mean scores of BIS and EMG gradually decreased

after anesthetic induction in all groups (Table 2). Although

Table 1. Respiratory, heart rates, arterial blood pressures and blood gas parameters in dogs anesthetized with alfaxalone constant rate
infusion (CRI)

Group 5 min 5 min 10 min 15 min 30 min 45 min 60 min

Respiratory rates

Group 1 516 ± 3 18 ± 3 16 ± 3 14 ± 2 12 ± 2 12 ± 2 12 ± 3

Group 2 516 ± 3 14 ± 4 14 ± 3 11 ± 3 11 ± 4 10 ± 5 11 ± 4

Group 3 515 ± 3 13 ± 2 13 ± 2 11 ± 1 10 ± 1 59 ± 1 59 ± 2

Heart rates

Group 1 588 ± 19 143 ± 10 144 ± 10 137 ± 10 128 ± 14 132 ± 22 130 ± 24

Group 2 586 ± 12 158 ± 19* 155 ± 16* 148 ± 11* 144 ± 10 143 ± 14 144 ± 17

Group 3 578 ± 4 175 ± 26* 174 ± 23* 176 ± 18*,†,‡ 160 ± 16*,† 161 ± 17* 157 ± 22*

Systolic arterial blood pressures

Group 1 173 ± 9 140 ± 21 139 ± 14* 145 ± 13* 128 ± 10** 135 ± 10* 136 ± 12

Group 2 173 ± 5 154 ± 7 134 ± 11 132 ± 14 139 ± 12 143 ± 13 150 ± 16

Group 3 166 ± 16 137 ± 14 130 ± 11 131 ± 8 138 ± 10 147 ± 20 152 ± 23

Diastolic arterial blood pressures

Group 1 586 ± 7 80 ± 11 82 ± 12 84 ± 8 81 ± 9 83 ± 5 83 ± 8

Group 2 584 ± 7 85 ± 5 82 ± 5 81 ± 10 76 ± 10 81 ± 9 89 ± 11

Group 3 583 ± 5 86 ± 14 83 ± 14 86 ± 13 90 ± 14 93 ± 10 97 ± 15

Mean arterial blood pressures

Group 1 586 ± 7 80 ± 11 82 ± 12 84 ± 8 81 ± 9 83 ± 5 83 ± 8

Group 2 584 ± 7 85 ± 5 82 ± 5 81 ± 10 76 ± 10 81 ± 9 89 ± 11

Group 3 583 ± 5 86 ± 14 83 ± 14 86 ± 13 90 ± 14 93 ± 10 97 ± 15

PaCO2

Group 1 536 ± 2 40 ± 3 42 ± 2* 42 ± 3 42 ± 3* 42 ± 5 41 ± 4

Group 2 535 ± 2 40 ± 3 42 ± 3* 42 ± 3 45 ± 5 45 ± 6 45 ± 7

Group 3 537 ± 2 42 ± 5 43 ± 4 45 ± 3* 48 ± 5* 49 ± 7* 51 ± 6*

PaO2

Group 1 585.2 ± 6.8 80.6 ± 2.6 80.4 ± 5.0 81.2 ± 5.5 85.2 ± 8.8 82.0 ± 10.2 84.0 ± 13.2

Group 2 591.0 ± 4.2 79.8 ± 7.3 78.4 ± 9.1 76.8 ± 8.4 76.8 ± 13.3 78.4 ± 14.4 79.8 ± 13.5

Group 3 589.6 ± 5.5 79.0 ± 8.6 79.0 ± 3.4* 78.2 ± 3.4 75.4 ± 6.2 78.6 ± 5.9 77.8 ± 8.2

SaO2

Group 1 597.2 ± 0.8 95.2 ± 1.9 94.4 ± 2.1 94 ± 2.0 93.2 ± 4.0 93.4 ± 4.3 94 ± 3.9

Group 2 596.2 ± 1.1 95.4 ± 0.6 95 ± 1.2 95.2 ± 1.3 95.6 ± 1.1 95 ± 1.9 95.2 ± 2.5

Group 3 596.8 ± 0.8 94.6 ± 2.3 94.8 ± 1.1 94.4 ± 0.9* 93 ± 1.6 93.8 ± 1.8 93.4 ± 2.3

Arterial pH

Group 1 7.395 ± 0.037 7.355 ± 0.032 7.349 ± 0.037 7.353 ± 0.032 7.348 ± 0.035 7.338 ± 0.042 7.338 ± 0.037

Group 2 7.422 ± 0.044 7.379 ± 0.026 7.364 ± 0.026 7.358 ± 0.019* 7.343 ± 0.038* 7.343 ± 0.046* 7.350 ± 0.049*

Group 3 7.384 ± 0.024 7.349 ± 0.038 7.342 ± 0.029 7.331 ± 0.022 7.313 ± 0.015 7.306 ± 0.027 7.297 ± 0.023

PaCO2, arterial carbon dioxide tension; PaO2, arterial oxygen tension; SaO2, oxygen saturation. Data were expressed as mean ± SD. *Sig-
nificantly different from baseline (p < 0.05). **Significantly different from baseline (p < 0.001). †Significantly different from group 1 (p <
0.05). ‡Significantly different from group 2 (p < 0.05). 
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BIS and EMG significantly decreased in some time point,

compared to each baseline or to other groups (p < 0.05), the

relations of BIS and EMG with withdrawal reflex test were

weak.

Recovery times

Taken times to head up were 29.2 ± 17.5, 32.6 ± 24.1, and

36.8 ± 26.3 min, in groups 1, 2 and 3, respectively. Dogs posed

the sternal recumbency after 33.3 ± 17.8 min in group 1, 33.2

± 22.4 min in group 2, and 39.2 ± 25.6 min in group 3, and

walked after 56.7 ± 23.0, 57.3 ± 18.8, and 58.6 ± 31.5 min, in

groups 1, 2 and 3, respectively. There were no statistical dif-

ferences.

Discussion

Alfaxan is recommended in maintenance of anesthesia last-

ing up to 1 h in the manufacturer’s guidelines, therefore CRI

of alfaxalone was ceased at 1 h after induction.

Dose-dependent respiratory depression related with alfaxa-

lone is described in previous study [12]. The risk of hypox-

emia (PaCO2 > 50 mmHg, PaO2 < 80 mmHg and SaO2 < 95

mmHg) increased as dose of alfaxalone rose in this study.

The hypoxemia was mild and clinically acceptable in healthy

dog, however, in cases of patient with respiratory distress or

predisposing factors to respiratory disease, close monitoring

and adequate oxygen supply with ventilation system are rec-

ommended, because the risk of hypoxemia is greater. Because

aponea or hypoventilation (below 8 breaths per min) was not

observed in preliminary study, the dogs were not intubated

and breathed with room air. In this experiment, no dogs

showed apnoea and hypoventilation. It was reported that the

incidence of apnoea during induction of anesthesia was lower

in alfaxalone than in propofol [8].

In this study, the CRI of high dose showed prolonged

tachycardia. While tachycardia was mild and transient in

group 2, tachycardia persisted during anesthesia in group 3.

In previous study, single bolus of high dose (6 or 20 mg/kg)

of alfaxalone was reported to increase heart rate and decrease

blood pressure, and these changes returned to baseline within

30 min [12]. Because total maximum dose of alfaxalone (13

mg/kg) in this study was lesser than that of previous report

[12], this persistent tachycardia was considered as a charac-

teristics of the CRI with alfaxalone.

In this study, the values of SAP were relatively higher than

typical calm state, and it implied that the dogs were not fully

acclimated for 1 h. Although SAPs decreased compared with

baseline in all groups after induction, the effects of alfaxa-

lone on blood pressure were considered as minimal, in this

study.

According to the withdrawal test during anesthesia, labeled

doses of alfaxalone (3 mg/kg for induction and 8 mg/kg/h for

maintenance) could not induce proper analgesia, but the

regime of induction with 3 mg/kg and maintenance with 10

mg/kg/h of alfaxalone could provide adequate anesthetic

depth during 1 h.

BIS and EMG gradually decreased but there were dispari-

ties between BIS, EMG and pedal withdrawal reflex test, in

other words, the correlations was weak and it did not well

corresponded each other precisely. The electrode of BIS sys-

tem in this study could simultaneously measure BIS and

facial EMG. BIS is well known hypnosis monitor, while

EMG is for detecting muscular movement [2, 7]. Although

they would be complementary each other to measure the

anesthetic depth, it was considered that the ranges of alter-

ation on BIS and EMG were too small, and the variation of

values were too large to show statistically differences in

dogs, at least in the anesthetic regime of this study.

Table 2. The number of dogs showing negative in pedal withdrawal reflex test, bispectral index scores and electromyograghy in dogs
anesthetized with alfaxalone CRI

Group 5 min 5 min 10 min 15 min 20 min 25 min 30 min 35 min 40 min 45 min 50 min 55 min 60 min

Number of dogs showing negative in pedal withdrawal reflex test

Group 1 4 5 4 3 3 3

Group 2 4 5 5 4 3 3

Group 3 5 5 5 5 5 5

Bispectral index scores

Group 1 97 ± 1 85 ± 3* 80 ± 3* 79 ± 3* 78 ± 4* 77 ± 3* 76 ± 3* 76 ± 2* 77 ± 4* 75 ± 2* 75 ± 4* 75 ± 2* 75 ± 3*

Group 2 97 ± 1 84 ± 3 79 ± 10 78 ± 10 74 ± 7 76 ± 6 76 ± 8 73 ± 4* 75 ± 8 71 ± 8 74 ± 6 74 ± 11 71 ± 5*

Group 3 95 ± 2 86 ± 5 80 ± 6 77 ± 6 74 ± 7 73 ± 6* 70 ± 4* 70 ± 4*,† 70 ± 4* 70 ± 4* 70 ± 4* 69 ± 4* 68 ± 5*

Electromyograghy

Group 1 45 ± 1 51 ± 3 48 ± 6 47 ± 6 44 ± 5 42 ± 3 41 ± 3 40 ± 4 40 ± 4 38 ± 2* 38 ± 3 38 ± 3 38 ± 3

Group 2 50 ± 6 51 ± 6 47 ± 12 44 ± 9 44 ± 9 41 ± 5 40 ± 5 41 ± 5 40 ± 6 40 ± 4 41 ± 6 39 ± 6 37 ± 3

Group 3 46 ± 4 49 ± 6 46 ± 6 40 ± 4 39 ± 4 37 ± 4 37 ± 5 36 ± 4 35 ± 6 35 ± 5 34 ± 6 34 ± 5 34 ± 5

The data of bispectral index scores and electromyograghy were expressed as mean ± SD. *Significantly different from baseline (p < 0.05).
†Significantly different from group 1 (p < 0.05).



Bispectral index score and cardiorespiratory function with alfaxalone in dogs 137

In this experiment, patch type electrodes were used inevi-

tably because of product compatibility. However, needle type

electrodes seem to be more suitable for general application of

BIS in clinical environment where no owners would prefer

shaving their animal’s head only for the measurement of the

anesthetic depth.

Prolonged recovery times after alfaxalone administration

were mentioned in a previous study [17]. Repetitions of

sleeping and wakening were shown during recovery in this

study, and they probably contributed recovery time to more

variable and prolonged. The adverse effect during recovery

in the present study includes agitation, shivering and stretch-

ing (stiffness) of the fore and/or hind limb and pedaling, but

recovery was generally smooth.

During anesthesia, the twitching movements of the limbs

like as hypnic jerk were occasionally occurred, especially in

group 1 treated with the lowest alfaxalone dose in this study.

Involuntary muscle movement was noted in previous studies

[9, 11]. The urinations by uncertain reason during recovery

period were occurred in 4 dogs of group 3.

To achieve proper analgesia in single administration of

alfaxalone, it was necessary to increase maintaining doses

more than labeled dose, but concurrent mild tachycardia and

increased risk of hypoxemia could not avoided. Proper pre-

medications and/or analgesic agents will be able to avoid

adverse effect of alfaxalone and to provide improved car-

diopulmonary functions.
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