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ABSTRACT

In veterinary practice, sedation is frequently used to handle 

aggressive cats, to reduce patient stress, and to secure the safety of both 

humans and cats. Alfaxalone is a relatively new anesthetic drug. 

Intramuscular injection is available for the sedation of cats with minimal 

cardiovascular effects, although adverse effects have been reported in 



recovery. This study investigated the effects of alfaxalone (ALF), 

acepromazine (ACE) and an alfaxalone-acepromazine combination (AA) on 

echocardiographic, biochemical and blood gas indices and recovery in cats.

Seven healthy adult cats were enrolled in this study. Baseline 

systolic arterial blood pressure (SAP) and body temperature measurement, 

echocardiography and blood sampling were conducted. One of the three 

treatments (ALF, ACE, AA) was administered intramuscularly to each cat. 

Echocardiography was performed, followed by SAP, body temperature 

measurements and blood sampling. The duration of sedation and quality of 

recovery were assessed.

In comparison to baseline an increase in heart rate (HR) occurred 

after ACE. All groups showed a decrease in SAP. A decrease in left 

ventricular internal dimension in diastole (LVDd), end-diastolic volume of 

left ventricule (EDV), stroke volume (SV) and left atrial dimension (LA) 

after AA were identified. There was no statistically significant change in 

echocardiographic variables after ALF. Echocardiographic values did not 

significantly differ among the treatments. Biochemical and blood gas analysis 

showed no clinically significant changes except hematocrit (Hct) after ACE 

and AA. 

As both treatments including acepromazine, ACE and AA produced 

alterations of echocardiographic variables, this effect must be considered 

when interpreting echocardiographic data or choosing a sedative for 

echocardiographiy in cats. In spite of wide individual variations in recovery, 



changes in echocardiographic, biochemical and blood gas variables were not 

significant following treatment by alfaxalone alone, suggesting that alfaxalone 

could be one of the most useful sedative for echocardiography in cats.
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ABBREVIATIONS

Ao aortic dimension

Ao velocity peak velocity of the aortic flow

A’ peak velocity of late diastole

CO cardiac output

E’ peak velocity of early diastole

EDV end-diastolic volume

EF ejection fraction

ESV end-systolic volume

E’/A’ ratio between E’ to A’

FS fractional shortening

IVRT isovolumic relaxation time

IVSd interventricular septal thickness in diastole

IVSs interventricular septal thickness in systole

LA left atrium

LA/Ao left atrium to aorta ratio

lat lateral mitral annulus

LVDd left ventricular internal dimension in diastole

LVDs left ventricular internal dimension in systole

LVFWd left ventricular free wall thickness in diastole

LVFWs left ventricular free wall thickness in systole

MV inflow E/A ratio between Peak E to Peak A

Peak E peak velocity of early diastolic transmitral flow

Peak A peak velocity of late diastolic transmitral flow

PV velocity peak velocity of the pulmonic flow

sept septal mitral annulus

SV stroke volume
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INTRODUCTION

In veterinary clinics, sedation is often required due to handling 

difficulty, particularly in aggressive and fractious cats. Administration of 

sedatives and anesthetic drugs can reduce the stress of patients, ensure 

patient and clinician safety in aggressive situations and increase the quality 

of diagnostic procedure such as echocardiography (Moffat, 2008).

Heart disease such as cardiomyopathy is common even in apparently 

healthy cats (Paige et al., 2009). Echocardiography is the most valuable 

diagnostic method to assess structural change and myocardial dysfunction. It 

is considered the non-invasive gold standard for the diagnosis of feline 

hypertrophic cardiomyopathy (Bonagura, 2000; Ferasin, 2009; Abbott, 2010). 

As it is important to obtain proper recordings for diagnosis, any 

administered sedatives and anesthetic drugs should have minimal 

cardiovascular effects.

Common chemical restraints for echocardiography include 

medetomidine, midazolam, ketamine, acepromazine (ACE), butorphanol and 

their various combinations. These drugs have been widely utilized in cats, 

but there are disadvantages including vomiting, difficulties with the 

intravenous injection of restless patients, intramuscular damage, changes in 

heart rate, and myocardial contractility (Jacobs and Knight, 1985b; Moffet, 

2008; Plumb, 2011; Biermann et al., 2012; Ward et al., 2012).

Alfaxalone (ALF) is a relatively new drug for the induction of 
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anesthesia in dogs and cats with minimal cardiovascular effects. It is a 

neuroactive steroid drug binding to GABA cell surface receptors and 

modulating neuronal cell membrane chloride ion transport (Plumb, 2011). 

Because intramuscular injection of ALF is also available for sedation, it has 

been used to produce anesthesia in various species (Marsh et al., 2009; 

Bouts et al., 2011; Andaluz et al., 2012; Bakker et al., 2013; González et 

al., 2013). Intramuscular injection of ALF is useful when intravenous 

injection is not possible. Cardiovascular parameters such as pulse rate and 

arterial blood pressure were stable following intramuscular injection of 

alfaxalone to cats sedated with dexmedetomidine and hydromorphone, but 

poor recovery was noted by this route (Laredo et al., 2010; Grubb et al., 

2013). It is necessary to investigate the echocardiographic effects of this 

drug because ALF administered intramuscularly could be useful in cases 

involving feline echocardiography.

ACE, a phenothiazine sedative, inhibits central dopamine-2 receptors 

and has non-specific α-adrenergic blocking function peripherally (Plumb, 

2011). It causes vasodilation and a subsequent decrease in systemic vascular 

resistance and systolic blood pressure. There are several studies about the 

effects of acepromazine in horse echocardiography, as well as a literature 

involving feline echocardiography. In both species, there were minimal or no 

clinical effects on echocardiographic indices (Buhl et al., 2007; 

Menzies-Gow, 2008; Ward et al., 2012).

The purposes of this study were to evaluate the effects of ALF and 



3

ACE on echocardiographic variables and clinical safety, and to determine 

whether injection volume and adverse effects in recovery can be reduced 

when ALF is combined with ACE. 
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MATERIALS AND METHODS

1. Experimental animals

Seven adult cats including five domestic shorthair cats, one Siamese 

and one Persian weighing 4.6 ± 1.3 kg (mean ± SD) and aged 2.7 ± 1.3 

years were enrolled in this study after the owner’s written informed consent 

was obtained. Animals were considered clinically healthy based on physical 

examination, serum chemistry, complete blood cell count (CBC), venous 

blood gas analysis, thoracic and abdominal radiographies, abdominal 

ultrasonography and echocardiography. This study was approved by the 

Institutional Animal Care and Use Committee, Seoul National University, 

Seoul (SNU-140324-2).

2. Study design

The study was conducted as a randomized crossover design with 

sequential order of procedures (Fig 1). Blood pressure and body temperature 

measurements, echocardiography and blood sampling were conducted as a 

baseline assessment before injection. One of the three treatments (ACE, 

ALF, and AA: alfaxalone-acepromazine combination) was administered 

intramuscularly to each cat. At 10 minutes after administration, 

echocardiography was performed for 30 minutes, followed by blood pressure 
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and body temperature measurements, and blood sampling. The duration of 

sedation and quality of recovery were assessed. 

Fig 1. Sequential order of procedures. This sequential process was carried out 

in seven cats according to each treatment. Baseline BP, Temp, Echo, and BS 

were measured, following by administration of one of the three treatments 

(ACE, ALF, AA) to each cat. After 10 minutes, echocardiography was 

performed for 30 minutes. Treatment parameters were measured immediately 

after echocardiography, followed by recovery evaluation 45 minutes after 

injection.

BP: blood pressure measurement; Temp: body temperature (rectal); Echo: 

echocardiography; BS: blood sampling; INJ: injection of sedatives



6

3. Treatments

All cats received three different sedative treatments with more than 

6 days washout period between each treatment. Drugs were administered 

intramuscularly in quadriceps muscle mass.

- Treatment ACE: 0.05 mg/kg of acepromazine (Sedaject®; Samu median    

  Co., Korea)

- Treatment ALF: 5.0 mg/kg of alfaxalone (Alfaxan®; Jurox, New Zealand)

- Treatment AA: 0.025 mg/kg of acepromazine, immediately followed by 

        2.5 mg/kg of alfaxalone

4. Blood pressure and body temperature measurement

An oscillometric cuff and crystal probe were placed over the palmar 

digital artery for the indirect measurement of systolic arterial blood pressure 

(SAP). Measurements were taken from three cardiac cycles and averaged. A 

thermometer was placed in the rectum for measurement of body temperature.
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5. Echocardiography

All examinations were performed by a single experienced 

echocardiographer, with ultrasound system (Aloka ProSound α7®; Hitachi 

Aloka Medical Ltd., Japan) equipped with a 3–8 MHz phased array sector 

transducer (Hitachi Aloka Medical Ltd., Japan). A lead Ⅱ electrocardiogram 

was simultaneously displayed on the ultrasound monitor for timing purpose.

All echocardiographic values were measured in accordance with 

recommendations of the Echocardiography Committee of the Specialty of 

Cardiology, American College of Veterinary Internal Medicine (Thomas et 

al., 1993) and standard methods described previously (Thomas, 1984; Koffas 

et al., 2006; Simpson et al., 2007).

Measurements of M-mode left ventricular parameters (Sahn et al., 

1978) were obtained from a two-dimensional guided M-mode on the right 

parasternal short axis view at the level of the papillary muscles. Variables 

measured included interventricular septal thickness in diastole and systole 

(IVSd and IVSs), left ventricular free wall thickness in diastole and systole 

(LVFWd and LVFWs), and left ventricular internal dimension in diastole 

and systole (LVDd and LVDs). End-diastolic and end-systolic volume of the 

left ventricle (EDV and ESV) were calculated using the Teichholz method 

(Teichholz et al., 1976). Left ventricular ejection fraction (EF = [EDV-ESV] 

/ EDV x 100) and fractional shortening (FS = [LVDd-LVDs] / LVDd x 

100) were calculated. Heart rate (HR) was simultaneously recorded with an 

M-mode measurement. Left ventricular stroke volume (SV = EDV-ESV) and 
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cardiac output (CO = SV x HR) were calculated.

Assessment of left atrial (LA) and aortic root dimensions (Ao) was 

performed from the right parasternal short axis view at the heart base, and 

ratio between LA and Ao was calculated LA/Ao (Hansson et al., 2002).

Peak velocities of the aortic (Ao velocity) and pulmonic (PV 

velocity) flow were measured from the left apical five chamber view and 

right parasternal short axis view using pulsed-wave Doppler.

Transmitral inflow (MV inflow) was taken from the left apical four 

chamber view by pulse-wave Doppler to measure peak velocity of early 

diastolic (Peak E), late diastolic (Peak A) transmitral flow and deceleration 

time in early diastole (MV E dec time). The ratio between peak E and 

peak A was calculated (MV inflow E/A). When peak E and peak A were 

summated due to tachycardia, these measurements were excluded from the 

data.

Pulsed-wave tissue Doppler imaging (PW-TDI) of mitral annulus 

motion was recorded from the left apical four chamber view. Peak early 

diastolic (E’) and late diastolic (A’) velocities and isovolumic relaxation time 

(IVRT) were measured for both septal (sept) and lateral (lat) mitral valve 

annulus. The ratio between E’ and A’ (E’/A’) and peak E and E’ (E/E’) 

were calculated. When the E’ and A’ were summated due to tachycardia, 

these measurements were excluded from the data.

All measurements were taken from three cardiac cycles and 

averaged.
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6. Blood sampling and analyses

A sample of 3-4 ml of blood was collected from a cephalic or 

femoral vein using 24-gauge disposable catheter. To reduce the stress of 

handling in cats, baseline blood sampling was conduct after 

echocardiography. Blood samples were divided into three tubes; plain tube 

for serum chemistry, serum separating tube (SST) for cortisol level 

measurement, and heparinized syringe for blood gas analysis without air.

Alanine aminotransferase (ALT), aspartate aminotransferase (AST), 

alkaline phosphatase (ALP), total protein (TP), albumin (Alb), blood urea 

nitrogen (BUN), creatinine (Crea), and glucose (Glu) were measured using 

an automatic analyzer (DRI-CHEM® 4000i, FUJIFILM Co., Japan). 

The SST tube for cortisol measurement was centrifugated to 

separate plasma, which was frozen until analysed. Cortisol concentration 

were measured using an immunoassay analyzer (IMMULITE® 1000, 

SIEMENS Healthcare, USA).

Blood samples were analyzed via blood gas analyzer (Osmetech 

OPTI® CCA, OPTI medical systems, USA), which measured pH, carbon 

dioxide partial pressure (PCO2), oxygen partial pressure (PO2), sodium (Na+), 

potassium (K+), calcium (Ca++), and hematocrit (Hct).
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7. Recovery

After 45 minutes of injection, the quality of recovery was evaluated 

using the recovery scoring system (Table 1) (Biermann et al., 2012). Each 

adverse event and the time to sternal and standing positions were recorded.
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Table1. Scoring system for the quality evaluation of recovery from sedation

 

Observation Score Patient criteria

Comfort

0 No agitation

1 Mild agitation

2 Moderate agitation

Coordination

0 No ataxia

1 Mild ataxia

2 Moderate ataxia

3 Severe ataxia

Vocalization

0 No vocalization

1 Some vocalization

2 Severe vocalization

Movement during sternal 
recumbency

0 Normal

1 Occasional position changes

2 Frequent position changes

3 Thrashing

Locomotor activity

0 No locomotor activity

1 Some

2 Moderate

3 Severe

Scratching and grooming
0 No scratching and grooming

1 Scratching and/or grooming

Total of recovery score 0 - 14
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8. Statistical analyses

Statistical analyses were carried out by commercially available 

software (SPSS 22.0; IBM corp., USA). 

All variables were considered as non-parametric data due to the 

small number of subjects. HR, SAP, temperature, echocardiographic, serum 

chemistry and blood gas analysis variables were analyzed using a Wilcoxon 

sign rank test to compare baseline and treatment. A Kruskal-Wallis test was 

used to analyze differences between treatments followed by Bonferroni’s post 

hoc analysis. Recovery time to sternal and standing positions and recovery 

score were analyzed by Wilcoxon rank sum tests. The data are presented as 

mean ± SD or median [min, max]. A P value less than 0.05 was 

considered statistically significant.
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RESULTS

1. Heart rate, blood pressure and body temperature

Baseline values did not differ significantly between treatments. In 

comparison to baseline, an increase in HR occurred after ACE (Table 2). 

Body temperature and blood pressure were lower than baseline value after 

all treatments but differences between treatments were not significant (Table 

2).

Table 2. Heart rate (HR), systolic arterial blood pressure (SAP) and body 

temperature (Temp) (mean ± SD) before (B: baseline) and after (T: treatment) 

injection of acepromazine (ACE), alfaxalone (ALF) and their combination (AA)

Variable ACE AA ALF

HR (bpm) B 182 ± 39 191 ± 25 191 ± 33

T  203 ± 39* 218 ± 41 195 ± 25

SAP (mmHg) B 143 ± 29 133 ± 18 134 ± 28

T   94 ± 15*  99 ± 13*  120 ± 28*

Temp (℃) B 38.8 ± 0.3 38.5 ± 0.2 38.2 ± 0.3

T  38.1 ± 0.3*  37.6 ± 0.5*  37.6 ± 0.5*

* Significant (p < 0.05) difference between treatment and baseline
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2. Echocardiography

There was an increase in IVSs and peak E relative to baseline 

value after ACE (Table 3, 4). A decrease relative to baseline values in 

IVSd, LVDd, EDV, SV (25%) and LA was observed after AA treatment. A 

decrease in Ao diameter occurred after ALF (Table 3). All treatments had 

no or minimal influences on PW-Doppler of Ao and PV velocity, MV 

inflow and PW-TDI values at mitral annulus (Table 4, 5). 

Treatment echocardiographic values did not differ significantly 

among the three treatments (Table 3, 4, 5).
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Table 3. M-mode measurements (mean ± SD) before (B: baseline) and after (T: 

treatment) injection of acepromazine (ACE), alfaxalone (ALF) and their combination 

(AA)

Variable ACE AA ALF

IVSd (cm) B 0.47 ± 0.05 0.50 ± 0.05 0.48 ± 0.06

　 T 0.47 ± 0.04  0.46 ± 0.05* 0.46 ± 0.05

IVSs (cm) B 0.72 ± 0.09 0.75 ± 0.11 0.78 ± 0.12

　 T  0.77 ± 0.07* 0.71 ± 0.09 0.76 ± 0.09

LVDd (cm) B 1.41 ± 0.21 1.43 ± 0.10 1.47 ± 0.08

　 T 1.32 ± 0.15  1.30 ± 0.09* 1.42 ± 0.09

LVDs (cm) B 0.71 ± 0.09 0.70 ± 0.05 0.73 ± 0.06

　 T 0.66 ± 0.10 0.69 ± 0.08 0.74 ± 0.13

LVFWd (cm) B 0.44 ± 0.08 0.45 ± 0.05 0.65 ± 0.06

　 T 0.45 ± 0.06 0.44 ± 0.05 0.39 ± 0.06

LVFWs (cm) B 0.66 ± 0.05 0.66 ± 0.04 0.67 ± 0.02

　 T 0.68 ± 0.04 0.69 ± 0.08 0.64 ± 0.06

EDV (mL) B 5.31 ± 2.04 5.41 ± 1.04 5.79 ± 0.83

　 T 4.48 ± 1.32  4.22 ± 0.83* 5.32 ± 0.92

ESV (mL) B 0.85 ± 0.31 0.79 ± 0.16 0.89 ± 0.21

　 T 0.71 ± 0.28 0.78 ± 0.23 0.98 ± 0.47

SV (mL) B 4.46 ± 1.78 4.61 ± 1.06 4.90 ± 0.78

　 T 3.77 ± 1.16  3.44 ± 0.82* 4.34 ± 0.79

CO (L/min) B 8 ± 3 9 ± 2 9 ± 3

T 8 ± 2 8 ± 2 9 ± 2

EF (%) B 83 ± 3 85 ± 4 85 ± 4

　 T 84 ± 5 81 ± 8 82 ± 7

FS (%) B 49 ± 4 51 ± 5 50 ± 4

　 T 50 ± 5 47 ± 7 48 ± 8

LA (cm) B 1.10 ± 0.11 1.11 ± 0.13 1.10 ± 0.15

　 T 1.07 ± 0.12  1.06 ± 0.14* 1.05 ± 0.16

Ao (cm) B 0.80 ± 0.13 0.82 ± 0.13 0.88 ± 0.17

　 T 0.79 ± 0.11 0.80 ± 0.13  0.84 ± 0.18*

LA/Ao B 1.40 ± 0.13 1.36 ± 0.08 1.28 ± 0.26

　 T 1.36 ± 0.07 1.33 ± 0.07 1.28 ± 0.25
* Significant (p < 0.05) difference between treatment and baseline
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Table 4. Pulsed-wave Doppler of aortic and pulmonic flow and transmitral 

inflow (mean ± SD) before (B: baseline) and after (T: treatment) injection of 

acepromazine (ACE), alfaxalone (ALF) and their combination (AA)

Variable ACE AA ALF

Ao velocity (m/s) B 1.40 ± 0.11 1.39 ± 0.25 1.35 ± 0.15

　 T 1.35 ± 0.26 1.35 ± 0.19 1.21 ± 0.19

PV velocity (m/s) B 0.91 ± 0.15 1.04 ± 0.12 1.05 ± 0.13

　 T 1.03 ± 0.12 1.01 ± 0.17 0.90 ± 0.22

Peak E (m/s) B 0.84 ± 0.18 0.85 ± 0.14 0.90 ± 0.15

　 T  0.71 ± 0.16* 0.77 ± 0.21 0.92 ± 0.21

Peak A (m/s) B 0.62 ± 0.11 0.60 ± 0.12 0.68 ± 0.15

　 T 0.54 ± 0.11 0.59 ± 0.13 0.69 ± 0.15

MV inflow E/A B 1.37 ± 0.22 1.42 ± 0.07 1.35 ± 0.17

　 T 1.33 ± 0.12 1.31 ± 0.07 1.33 ± 0.05

MV E dec time (msec) B 69 ± 8 8 ± 9 80 ± 16

　 T 72 ± 12 77 ± 13 63 ± 15

* Significant (p < 0.05) difference between treatment and baseline
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Table 5. Pulsed-wave TDI at lateral and septal mitral annulus measurements 

(mean ± SD) before (B: baseline) and after (T: treatment) injection of 

acepromazine (ACE), alfaxalone (ALF) and their combination (AA)

Variable ACE AA ALF

E’ sept (m/s) B 0.10 ± 0.02 0.11 ± 0.01 0.10 ± 0.02

　 T 0.09 ± 0.01 0.08 ± 0.02 0.08 ± 0.01

A’ sept (m/s) B 0.07 ± 0.01 0.08 ± 0.01 0.07 ± 0.01

　 T 0.06 ± 0.01 0.06 ± 0.00 0.05 ± 0.01

E’/A’ sept B 1.50 ± 0.17 1.41 ± 0.10 1.41 ± 0.11

　 T 1.37 ± 0.12 1.54 ± 0.40 1.40 ± 0.19

IVRT sept (msec) B 36 ± 7 34 ± 6 27 ± 13

　 T 42 ± 6 42 ± 8 44 ± 14

E/E’ sept B  8.73 ± 2.29 7.97 ± 1.32 9.34 ± 1.91

　 T  6.57 ± 4.56 9.71 ± 2.86 11.22 ± 1.12

E’ lat (m/s) B 0.11 ± 0.02 0.13 ± 0.02 0.10 ± 0.02

　 T 0.09 ± 0.02 0.09 ± 0.02 0.10 ± 0.00

A’ lat (m/s) B 0.08 ± 0.02 0.09 ± 0.02 0.07 ± 0.01

　 T 0.06 ± 0.01 0.06 ± 0.00 0.07 ± 0.02

E’/A’ lat B 1.438 ± 0.17 1.41 ± 0.15 1.40 ± 0.19

　 T 1.40 ± 0.21 1.43 ± 0.26 1.31 ± 0.04

IVRT lat (msec) B 38 ± 9 36 ± 10 33 ± 3

T 41 ± 8 46 ± 7 40 ± 7

E/E’ lat B 8.21 ± 2.55 6.90 ± 1.67 9.03 ± 1.21

T 8.07 ± 2.32 9.68 ± 4.53 11.25 ± 2.53

* Significant (p < 0.05) difference between treatment and baseline
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3. Serum chemistry, cortisol level and venous blood       

gas analysis

Baseline and treatment values for serum chemistry were within 

normal ranges and there was no statistical difference between groups. 

There was an increase in cortisol level after ACE; however AA and 

ALF induced a decrease in cortisol level. Comparison between treatments 

showed that cortisol was higher after ACE compared to AA and ALF, but 

the difference between AA and ALF was not significant.

Treatments had no effect on venous blood gas analysis except Hct. 

Hct decreased from baseline after treatment after ACE and AA, but there 

was no significant difference between treatments.
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Table 6. Serum chemistry and cortisol level (mean ± SD) before (B: baseline) and 

after (T: treatment) injection of acepromazine (ACE), alfaxalone (ALF) and their 

combination (AA)

Variable ACE AA ALF

ALT (U/L) B 53.43 ± 10.92 49.14 ± 11.16 51.43 ± 16.40

T 49.00 ± 8.06* 43.57 ± 17.21 51.86 ± 13.97

AST (U/L) B 28.14 ± 10.87 28.71 ± 14.26 22.57 ± 8.48

T 27.57 ± 11.65 32.57 ± 16.12 24.14 ± 8.82

ALP (U/L) B 126.29 ± 71.110 120.14 ± 77.28 122.14 ± 66.60

T 115.14 ± 62.84* 123.43 ± 80.45 124.14 ± 72.63

TP (g/dL) B 7.16 ± 0.52 6.96 ± 0.36 7.17 ± 0.47

T  6.53 ± 0.29* 6.56 ± 0.41 7.03 ± 0.52

Alb (g/dL) B 3.23 ± 0.28 3.09 ± 0.18 3.13 ± 0.21

T  2.90 ± 0.16* 2.90 ± 0.15 3.03 ± 0.15

BUN (mg/dL) B 22.29 ± 4.25 21.24 ± 3.93 22.63 ± 5.20

T 22.71 ± 4.24 21.57 ± 3.89 22.53 ± 5.31

Crea (mg/dL) B 1.13 ± 0.37 1.17 ± 0.40 1.13 ± 0.32

T 1.16 ± 0.41 1.19 ± 0.38  1.19 ± 0.31*

Glu (mg/dL) B 111.14 ± 18.22 105.86 ± 18.63 104.57 ± 20.74

T 116.14 ± 27.01 2.96 ± 1.34 101.57 ± 19.76

Cortisol (μg/dL) B 4.04 ± 2.29 3.89 ± 1.85 3.17 ± 1.78

T  8.42 ± 2.51* 2.96 ± 1.34 2.35 ± 0.93

* Significant (p < 0.05) difference between treatment and baseline

Bold values indicate statistical significant difference between treatments (p < 0.05)

ALT: alanine aminotransferase; AST: aspartate aminotransferase; ALP: alkaline 

phosphatase; TP: total protein; Alb: albumin; BUN: blood urea nitrogen; Crea: 

creatinine; Glu: glucose
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Table 7. Venous blood gas analysis (mean ± SD) before (B: baseline) and after 

(T: treatment) injection of acepromazine (ACE), alfaxalone (ALF) and their 

combination (AA)

Variable ACE AA ALF

pH B  7.38 ± 0.03  7.38 ± 0.05  7.34 ± 0.06

T  7.37 ± 0.05  7.37 ± 0.03  7.35 ± 0.06

PCO2 (mmHg) B 35.86 ± 4.45 37.43 ± 4.86 42.43 ± 5.35

T 38.14 ± 3.72 38.57 ± 2.23 40.57 ± 5.47

PO2 (mmHg) B  50.86 ± 10.37  50.86 ± 13.04 46.00 ± 7.64

T 44.86 ± 8.82  44.71 ± 13.00  49.57 ± 12.47

tCO2 (mmHg) B 21.84 ± 1.75 22.64 ± 1.12 23.51 ± 1.47

T 22.79 ± 1.12 22.94 ± 1.65 23.04 ± 1.61

HCO3
- (mEq/L) B 20.74 ± 1.65 21.47 ± 1.10 22.23 ± 1.45

T 21.54 ± 1.18 21.76 ± 1.61 21.81 ± 1.60

Na+ (mmol/L) B 153.43 ± 1.270 152.57 ± 1.270 152.57 ± 2.760

T 152.43 ± 1.130 153.57 ± 1.900 153.29 ± 2.210

K+ (mmol/L) B  3.53 ± 0.30  3.43 ± 0.43  3.63 ± 0.21

T  3.19 ± 0.41  3.44 ± 0.30  3.67 ± 0.42

Ca++ (mmol/L) B  1.15 ± 0.07  1.12 ± 0.08  1.19 ± 0.09

T  1.10 ± 0.16  1.20 ± 0.12  1.25 ± 0.09

Hct (%) B 43.00 ± 4.16 39.14 ± 5.93 41.57 ± 4.65

T  35.14 ± 5.24*  34.43 ± 5.77* 38.86 ± 4.41

* Significant (p < 0.05) difference between treatment and baseline

PCO2: carbon dioxide partial pressure; PO2: oxygen partial pressure; Na+: sodium; 

K+: potassium; Ca++: calcium; Hct: hematocrit
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4. Recovery

The ACE group was excluded from recovery evaluation because all 

cats treated with ACE remained awake approximately 40 minutes after 

injection. Time to sternal recumbency and standing were not measurable in 

four and two cats, respectively, that were treated with AA.

Time to sternal recumbency was 13 ± 20 and 38 ± 23 minutes, 

and time to standing was 17 ± 23 and 48 ± 26 minutes in the AA and 

ALF group, respectively. Recovery time was thus significantly faster after 

AA than ALF (p < 0.05). 

Recovery scores were 6.0 [2; 9] and 8.5 [6; 8] in the AA and 

ALF groups, respectively. The difference in the quality of recovery between 

the AA and ALF groups was statistically insignificant (p > 0.05).

In recovery, all cats treated with AA and ALF showed ataxia. 

There was tremor in three of seven cats with AA and one of seven cats 

with ALF. Twitching appeared in two of seven cats with AA and one of 

seven cats with ALF (Table 8).
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Table 8. The number of side effects and scores after AA and ALF during 

recovery

AA ALF

Side effects

Ataxia 7 / 7 7 / 7

Tremor 3 / 7 1 / 7

Twitching 2 / 7 1 / 7

Recovery score 6.0 [2; 9] 8.5 [6; 8]
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DISCUSSION

The aims of this study were to evaluate the effect of alfaxalone, 

acepromazine and their combination on echocardiographic, biochemical and 

blood gas indices and recovery in healthy cats, and to determine the 

effectiveness of an alfaxalone-acepromazine combination. Acepromazine and 

alfaxalone are sedative drugs available as an intramuscular injection. This 

method is useful in reducing patient stress due to intravenous catheters and 

increasing the safety of both patient and practitioner during practice (Grubb 

et al., 2012).

A significant increase in HR occurred after ACE. SAP decreased 

following all treatments and ACE showed the largest decline. This could be 

attributable to non-specific α-adrenergic blocking, causing vasodilation and a 

subsequent decrease in systemic vascular resistance and systolic blood 

pressure (Plumb, 2011; Ward et al., 2012). It is reasonable to conclude that 

the significant increase in HR with ACE was reflex tachycardia produced by 

vasodilation and the decrease in SAP associated with acepromazine. HR and 

SAP remained within normal ranges and cats did not receive any fluid or 

additional treatment.

Baseline echocardiographic values were within the reference ranges 

in all cats and did not differ among treatments (Pipers et al., 1979; Jacobs 

and Knight, 1985a; Koffas et al,.,2006; Simpson et al., 2007; Disatian et 

al., 2008).
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HR can influence echocardiographic variables independent of the 

effects of sedatives and anesthetics. Increased HR is associated with 

decreased cardiac chamber size and increased LV systolic function (Jacobs 

and Knight, 1985b). Acepromazine could cause significant changes in 

echocardiographic measurements as a result of a decrease in preload 

subsequent hypotension. A decrease in SV may be associated with impaired 

ventricular filling due to very high HR (Biermann et al., 2012). In this 

study, a decrease in preload was expressed in low LVDd and EDV values 

leading to decrease in SV with AA treatment. In spite of a decrease relative 

to baseline values in LVDd and EDV after AA treatment, FS and EF 

values were unchanged, and ACE group did not show significant changes. It 

was hypothesized that the cause of the decrease in LVDd and EDV was 

complex; a synergistic effect resulting from the combination with alfaxalone 

and the secondary effect of increased HR from the primary effects of the 

sedatives. LA also decreased for the above reasons. Administration of ALF 

did not induce changes in echocardiographic variables except Ao diameter. 

Rapid HR resulted in a loss of separation between the two diastolic filling 

phases in MV inflow and PW-TDI at mitral annulus (Boon, 2011). In this 

study, summation between E and A, E’ and A’ was commonly identified 

following treatment with ACE and AA compared to ALF alone. Both 

treatments with acepromazine, ACE and AA, produced alteration of 

echocardiographic variables as well as a failure to provide adequate sedation. 

This fact must be considered when interpreting echocardiographic results or 
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choosing a sedative protocol for cats. 

Baseline and treatment values from serum chemistry were clinically 

normal and had minimal statistical difference. Physiological responses during 

exposure to a stressful environment activate the hypothalamic-pituitary-adrenal 

(HPA) system, as measured by elevated levels of plasma cortisol. HPA 

activation has been reported among animals in a public shelter and in 

laboratory animals (Hennessy et al., 2001; Balcombe et al,. 2004; McCobb 

et al., 2005). The increase in cortisol level with ACE in this study was 

likely caused by sequential procedures during improper sedation, while the 

AA and ALF treatments induced sufficient sedation to produce a significant 

decrease in cortisol level. 

Treatments had no effects on venous blood gas analysis except Hct. 

Hct siginficantly decreased from baseline after treatment with ACE and AA. 

It has been reported that acepromazine caused a decrease in Hct in dogs 

due to splenic sequestration of red blood cells (Wilson et al., 2004). 

Respiratory depression occurred following intravenous injection of ALF 

(Muir et al., 2009). However, venous PCO2 and other blood gas variables 

remained relatively constant in this study. 

ACE did not induce sufficient sedation to evaluate recovery. The 

most common adverse effect was ataxia after alfaxalone injection (AA and 

ALF groups). There was tremor in three of seven cats with AA and one of 

seven cats with ALF. Twitching appeared in two of seven cats with AA 

and one of seven cats with ALF. In some cases, these adverse effects 
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interfered with echocardiographic procedure. Time to sternal recumbency and 

standing was significantly faster in AA than ALF. The quality of recovery 

between AA and ALF was not statistically significant. There were wide 

individual variations in time to sternal recumbency and standing, as well as 

recovery score and adverse effects such as tremor and twitching.

In conclusion, the fact that ACE can alter echocardiographic 

variables during examination should be considered when practitioners 

interpret echocardiographic results and choose a sedative for cats. Although 

ALF resulted in wide individual variation in recovery, ALF alone had 

minimal effect on echocardiographic, biochemical and blood gas variables 

when administered by intramuscular injection. AA could not overcome the 

adverse effects of alfaxalone in recovery and altered echocardiographic 

variables. Consequently, alfaxalone alone could be one of the safest and 

most useful sedatives for echocardiography in cats.



27

CONCLUSION

In the evaluation of the effects of ALF and ACE on 

echocardiography and clinical safety and usefulness of AA, it was found 

that both ACE and AA altered echocardiographic variables. ALF had 

minimal effects on echocardiographic, biochemical and blood gas variables 

when administered by intramuscular injection. Therefore, ALF alone could 

be one of the safest and most useful sedatives for echocardiography in cats.
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국문 록

Alfaxalone, acepromazine이

고양이의 심 음 에 미치는 향

지도교수: 윤 정 희

김 보 은

서울 학교 학원

수의학과 임상수의학 (수의방사선과학) 공

진정제는 고양이의 진료 시 스트 스를 감소시키고 공격 인

고양이를 다루기 해 자주 사용된다. Alfaxalone (ALF) 은 비교

최근에 소개된 마취제로, 고양이의 근육주사에서 진정작용이 있으며, 

심 계에 최소한의 향을 미치지만, 회복과정에서 부작용이 보고되어

있다. 이 연구에서는 alfaxalone의 근육주사가 심 음 에 미치는 향과

임상 안 성을 조사하고, acepromazine (ACE)과의 조합약물 (AA)의

향을 평가하 다.
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7마리의 건강한 고양이를 실험에 이용하여 기 압, 체온, 

심장 음 , 액채취를 실시하 다. 근육내로 진정제를 주사하 으며

심장 음 , 압 체온 측정, 액채취 후 회복 기간 회복 시

부작용을 평가하 다.

ACE군에서 유의 인 심박수의 증가가 확인되었으며 모든

군에서 압은 감소하 다. AA 투여군에서 LVDd, EDV, SV, LA의

감소가 확인되었다. ALF 단독 투여군에서는 심 음 값의 유의 인

변화는 확인되지 않았으며, 투여군 간 차이는 없었다. 액가스분석

청 내 생화학 지표에서 hematocrit의 감소를 제외하고 임상 으로

유의 인 변화는 없었다.

ACE가 포함된 진정제는 심 음 결과에 변화를 주는바 결과에

한 해석 진정제 선택 시 이러한 사실이 고려되어야 하며, ALF 

단독 사용 시 회복시간 정도는 다소 개체차이가 있었지만 심 음

측정값과 액수치에 향을 주지 않았기 때문에 ALF은 고양이의

심 음 를 해 선택할 수 있는 안 한 약물이 될 수 있을 것으로

단된다. 

                                                                    

주요어: echocardiography, alfaxalone, acepromazine, sedation, cat

학번: 2012-23564
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