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Summary: The aim of this study was to evaluate the effects of xylazine and acepromazine on the Doppler and M-mode echocardiography 
measurements in horses. Ten healthy crossbred horses were included in this study. Baseline echocardiography was performed in all horses. 
Xylazine (0.5 mg/kg IV) or acepromazine (0.01 mg/kg IV) was injected intravenously with a 4 week wash out period between drugs. Electrocar-
diogram was recorded simultaneously in the base-apex lead. The results showed that the heart rate in the xylazine group was significantly lower 
than in the control measurements (p = 0.021). In the xylazine group, there were 2nd degree atrioventricular blocks in two horses. The diameter 
of the left ventricle at the end of diastole (LVIDd) was decreased (p = 0.029) and the interventricular septum thickness at the end of diastole 
(IVSd) (p = 0.008) were increased in the xylazine group. Right ventricle internal diameter at the end of systole (RVIDs) were increased in both 
treatment groups. Our results showed that acepromazine and xylazine have some detectable effects on echocardiographic measurements, 
but both the nature and the degree of these differences mean that they are unlikely to affect the diagnostic quality of the scan. Acepromazine 
at a dose of 0.01 mg/kg, used in horses undergoing echocardiographic examination, results in negligible changes in spectral and M-mode 
measurements.
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Introduction

Echocardiography is an invaluable tool for the assessment of 
cardiac structure, chamber size and function. The temperament 
of some horses can make the procedure difficult or dangerous. 
However, sedation of recalcitrant horses is not recommended 
as these drugs may alter cardiac function causing inaccurate 
results.

The most commonly used drugs for standing sedation are the 
alpha2-agonists, which may be used alone or in combination 
with other drugs (e.g. opioids or phenothiazines). Acepro-
mazine is a drug that exerts its sedative effects by the blockade 
of dopamine receptors in the central nervous system (Donald-
son 2006). The main cardiovascular effects of acepromazine 
are mediated by peripheral α1-adrenoceptor blockade at the 
level of the peripheral arterioles, resulting in vasodilatation, a 
decrease in vascular resistance, and a compensatory increase 
in heart rate (Merlo and Rota 1999, Monterio et al. 2007). 
In contrast the alpha2-agonists result in peripheral vasocon-
striction, bradycardia, and decrease in cardiac output (Bloor 
et al. 2002). Increase in incidence of second degree atrio-

ventricular block and transient hypertension is followed by hy-
potension (Wagner et al. 1991). In summary, acepromazine 
reduces blood pressure (Marroum et al. 1994) with different 
effects on heart rate (Hashem and Keller 1993) while xylazine 
decreases heart rate (Wagner et al. 1991).

To date, there is only limited published data about the effects 
of sedation on cardiac parameters measured by echocar-
diography (Patteson et al. 1995, Saponaro et al. 2013). In 
one study, detomidine was found to alter a number of mea-
sured parameters, including the end-systolic left ventricular 
diameter and heart rate (Patteson et al. 1995). Buhl and her 
colleagues also investigated the effects on echocardiographic 
parameters of detomidine, romifidine, and acepromazine in 
horses and showed that detomidine and romifidine signifi-
cantly decreased the heart rate whilst acepromazine did not 
(Buhl et al. 2007). Menzies-Gow investigated the effects of 
acepromazine in 8 healthy horses, and found that the aortic 
and pulmonic diameters were significantly increased at the 
end-systole and that the interventricular septum was increased 
both in the end systole and in the diastole after drug adminis-
tration (Menzies-Gow 2008).
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To date, no study has been published evaluating the effects 
of sedation on spectral Doppler echocardiographic mea-
surement across the heart valves in horses. Spectral Doppler 
highlights hemodynamics across the valves and main vessels, 
which aids the assessment of valvular heart disease.

The aim of this study was to evaluate echocardiographic pa-
rameters subsequent to acepromazine and xylazine admin-
istration. There is little information about the effects of these 
drugs on spectral Doppler parameters and this is the first 
study, which evaluates these parameters after administration 
of xylazine and acepromazine. Authors believed that using 
lowest doses of sedative drugs will not have significant effects 
on echocardiographic parameters, so in nervous horses they 
could help to decrease the risk of injury to clinicians as well 
as horses. 

Material and Methods

Ten crossbred female healthy horses weighing 385–451 kg 
were included in this study. All horses underwent clinical ex-
amination and were considered normal. Horses were placed 
in stocks for the duration of the experiment. The region be-
tween 3rd and 5th inter-costal spaces was clipped, and washed 
with surgical spirit, and covered with acoustic coupling gel. 
The horses were allowed to settle and adapt to the environ-
ment. Horses were acclimatized for 10 minutes prior to echo-
cardiography. After this rest period, the echocardiographic 
examination was started. 

The subject horses were injected with 10 ml of 0.9 % saline 
intravenously, following which a complete set of baseline 
echocardiographic measurements were taken. These results 
constituted the control measurement. Subsequently, xylazine 
(0.5 mg/kg) was administered intravenously and the complete 
set of echocardiographic measurements was taken again, ex-
actly following the procedure used to obtain the control mea-
surements. Each horse was then given a four week wash-out 
period. Following this, a further complete set of echocardio-
graphic measurements was taken after intravenous adminis-
tration of 0.01 mg/kg acepromazine.

The depth of sedation was graded by the distance between 
the lower lip of the horses to the ground. (Cruz et al. 2011). 
Echocardiography was started 10 minutes after drug admin-
istration (Buhl et al. 2007, Menzies-Gow 2008). The echo-
cardiographic examination was finished within 20 minutes. 
The differences between the onset of effect and the recovery 
time of xylazine and acepromazine was the limitation, which 
we tried to decrease by starting the study 10 minutes after 
injection of sedatives (Kalhoro 2006). A simultaneous electro-
cardiogram was taken with a base-apex lead configuration. 
All echocardiographic examinations and measurements were 
performed by the same operators.

Echocardiographic images were acquired with an ultrasound 
device (Micro Maxx: SonoSite Inc, Bothell, WA, USA) with a 
phase array transducer (1–5 MHz). A right parasternal win-
dow was used to evaluate all valves. The pulse wave Doppler 
(PWD) gate was placed distal to each valve. Blood flow across 
tricuspid and pulmonary valves was evaluated at long axis 

right ventricular outflow tract (RVOT), aortic flow at left ven-
tricular outflow tract (LVOT), and the mitral valve in the four 
chamber view. For each view, four images were taken. The 
best two images were selected subjectively and their average 
values are reported. We evaluated spectral Doppler parame-
ters such as peak velocity, velocity time integral (VTI), pressure 
gradients (PG), and pressure half time (PHT) across the heart 
valves.

A ventricular short axis view at the level of chordae tendineae 
was used to record M-mode images. Left ventricular internal 
diameter at end diastole (LVIDd) using the beginning of the 
QRS as the reference point, and left ventricular internal dia-
meter in peak systole (LVIDs), taken at the maximum upswing of 
the left ventricular free wall, were measured (Tavanaeimanesh 
et al. 2015). We used the same method for measuring of right 
ventricular diameters. Fractional shortening (FS) was deter-
mined by the following equation:

FS (%) =  (LVIDd – LVIDs)/LVIDd × 100

Color Doppler images were also recorded on all valves and 
any regurgitation was evaluated based on the proposed  
method by Reef (Reef 1991) which were used for semiquanti-
tation of the area of regurgitation:

• Insignificant – the regurgitant jet occupies a small area be-
hind the valve. 

• Mild – the jet occupies less than one-third of the chamber 
involved. 

• Moderate – the jet occupies less than two-thirds of the 
chamber involved. 

• Severe – regurgitant flow can be detected in greater than 
two-thirds of the chamber involved. 

Data Analysis

Initially, datasets were tested for normal distribution using the 
Kolmogorov-Smirnov test (UNIVARIATE procedure). Data as-
sociated with heart rate were log (base 10) transformed prior 
to analysis because of the lack of normal distribution. Data 
were analyzed using the General Linear Model (GLM) pro-
cedure including repeated measures in the model. LSMEANS 
statement was used to perform multiple comparisons. All 
analyses were performed using SAS (SAS 2008). Differences 
with P < 0.05 were considered significant.

Results

Spectral Doppler parameters of the aortic, pulmonary, tricus-
pid and mitral valve are shown in Table 1. There were no 
significant differences between the control measurements and 
any of treatment groups.

The heart rate declined in the xylazine group in comparison 
to the control measurements from 42.96 ± 1.73 beats/min to 
37.11 ± 1.43 beats/min respectively (p = 0.021) (Table 2). Two 
horses in the xylazine group showed 2nd degree atrio-ventric-
ular blocks, but no arrhythmia was observed in the acepro-
mazine group. In the control measurements, two of ten horses 
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had insignificant pulmonic regurgitation. At the dose used, 
there was no change in blood flow across the valves after ace-
promazine administration. Xylazine administration resulted in 
insignificant aortic regurgitation in one horse with pulmonary 
regurgitation.

M-mode parameters measurements are shown in Table 
2. The interventricular septal thickness at the end of dias-
tole (IVSd) increased from 2.10 ± 0.30 cm in the control 
measurements to 2.53 ± 0.43 after xylazine administra-
tion (p = 0.008). LVIDd decreased from 9.04 ± 1.55 cm to 
8.36 ± 1.42 cm (p = 0.0029). There was a large increase 
in right ventricular internal diameter at end-systole in both 
treatment groups.

Discussion

To date, there have been no published studies of spectral 
Doppler parameters after sedation in horses. These parame-
ters can help clinicians to assess the valvular disease as they 
measure actual blood flow. Nevertheless, there is some lim-
itation in spectral Doppler in equine medicine as it cannot 
calculate the actual blood flow across the valves due to angle 
dependency and also the limitation of the parasternal window 
in the horse. In our study, neither xylazine nor acepromazine 
altered any of the following: the velocity of blood across the 
valves, the pressure gradient, the velocity time integral, or the 
pressure half time.

Table 1 Mean±SD of spectral Doppler parameter.    |    Mittel-
werte und Standardabweichungen

Control After  
Xylazine

After  
Acepromazine

Mean ± SD Mean ± SD Mean ± SD

AV Vmax
(cm/s) 106.55 ± 28.57 98.24 ± 16.98 101.25 ± 23.22

AV Vmean
(cm/s) 65.61 ± 20.24 61.63 ± 13.49 63.91 ± 17.59

AV VTI
(cm) 29.39 ± 10.16 29.72 ± 5.95 31.11 ± 11.72

AV PGmean
(mmHg) 2.01 ± 1.09 1.77 ± 0.76 1.99 ± 0.92

PV Vmax
(cm/s)

135.42 ± 23.45 118.23 ± 29.73 134.18 ± 27.62

PV Vmean
(cm/s) 86.92 ± 11.14 77.03 ± 15.24 87.51 ± 14.73

PV VTI
(cm) 44.30 ± 11.74 49.51 ± 11.20 45.84 ± 10.63

PV PGmean
(mmHg) 4.10 ± 1.76 3.54 ± 1.76 3.25 ± 1.13

TV Vmax
(cm/s) 84.19 ± 20.73 106.23 ± 33.71 92.65 ± 32.47

MV E
(cm/s) 88.96 ± 14.12 83.86 ± 18.41 85.35 ± 19.11

MV E PG
(mmHg) 3.31 ± 0.96 3.06 ± 1.10 3.07 ± 1.17

MV A
(cm/s) 42.04 ± 10.39 37.04 ± 11.66 42.96 ± 15.08

MV Vmax
(cm/s) 91.99 ± 17.01 89.47 ± 18.51 88.95 ± 20.59

MV Vmean
(cm/s) 49.45 ± 6.80 47.51 ± 10.15 44.52 ± 10.29

MV PHT
(ms) 64.31 ± 10.78 68.57 ± 13.38 73.92 ± 18.85

MV Decel
(ms) 227.70 ± 26.71 243.90 ± 34.79 255.60 ± 26.19

AV: aortic valve, PV: pulmonary valve, TV: tricuspid valve, MV: mitral valve, Vmax: 
peak velocity, Vmean: mean velocity, VTI: velocity time integral, PGmean: mean 
pressure gradient, E: E wave peak velocity, E PG: E wave peak pressure gradient, 
A: A wave peak velocity, PHT: pressure half time, Decel: deceleration time 

Table 2 Mean ± SD of M-mode parameters.    |    Mittelwerte 
und Standardabweichungen der M-Mode-Parameter

Control After  
Xylazine

After  
Acepromazeine

Mean ± SD Mean ± SD Mean ± SD

LVPWd
(cm) 1.60 ± 0.33 1.58 ± 0.28 1.74 ± 0.35

RVWd
(cm) 2.86 ± 0.46 2.31 ± 0.50 2.50 ± 0.27

RVIDd
(cm) 1.63 ± 0.41 2.00 ± 0.63 1.82 ± 0.43

IVSd
(cm) 2.10 ± 0.30 2.53 ± 0.43§ 2.25 ± 0.35

LVIDd
(cm) 9.04 ± 1.55 8.36 ± 1.42§ 8.71 ± 0.37

LVPWs
(cm) 2.35 ± 0.44 2.62 ± 0.59 2.95 ± 0.41

RVWs
(cm) 3.05 ± 0.35 2.81 ± 0.46 3.00 ± 0.34

RVIDs
(cm) 1.41 ± 0.36 2.11 ± 0.87§ 1.56 ± 0.64§

IVSs
(cm) 3.42 ± 0.55 3.25 ± 0.47 3.64 ± 0.51

LVIDs
(cm) 5.01 ± 1.02 5.56 ± 1.61 4.38 ± 1.27

EPSS
(cm) 1.98 ± 1.46 1.47 ± 0.44 1.25 ± 0.33

EF:SLOPE
(cm/s) 19.26 ± 3.70 20.06 ± 3.55 17.66 ± 3.12

Ao
(cm) 5.71 ± 1.37 5.97 ± 0.97 6.04 ± 0.75

LA
(cm) 3.52 ± 0.70 3.81 ± 0.76 3.70 ± 0.66

FS (%) 42.17 ± 5.27 37.02 ± 6.61 45.29 ± 8.47

Heart rate 
(beat/min) 42.96 ± 1.73 37.11 ± 1.43§ 43.67 ± 4.31

§ P<0.05versus pre-injection values                                          
LVPWd: left ventricular posterior wall diastolic, RVWd: right ventricular free wall 
diastolic, RVIDd: right ventricular internal diameter diastolic, IVSd: interventric-
ular septum diastolic, LVIDd: left ventricular internal diameter diastolic, LVPWs: 
left ventricular posterior wall systolic, RVWs: right ventricular free wall systolic, 
RVIDs: right ventricular internal diameter systolic, IVSs: interventricular septum 
systolic, LVIDs: left ventricular
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The effect of acepromazine administration on heart rate is 
controversial, with some authors reporting an increase (Hash-
em and Keller 1993, Muir and Mason 1993) and others re-
porting no change (Walker and Geiser 1986, Marrum et al. 
1994).

Similarly, acepromazine has been reported to either increase 
or decrease the cardiac output (Steffey et al. 1985). Acepro-
mazine induced increases in arterial diameter and volumetric 
flow rate, and there was a trend towards increased blood ve-
locity (Walker and Geiser 1986). A similar result was seen by 
Muir and Mason, where acepromazine caused a decrease in 
blood pressure and vascular resistance due to vasodilation 
(Muir and Mason 1993).

Only two previous published studies have described the 
effects of acepromazine on echocardiographic parameters 
in horses (Buhl et al. 2007, Menzies-Gow 2008). Men-
zies-Gow administered acepromazine at 0.03 mg/kg intra-
venously to eight healthy horses. She showed an increase 
in aortic and pulmonic diameters at the end of systole. The 
interventricular septal width was also increased, both at the 
end of systole and at the end of diastole after acepromazine 
administration. In addition, there was a significant decrease 
in the left atrial diameter at end diastole (LADd). Sedation 
did not affect the remaining cardiac dimensions, neither any 
indices of cardiac function, nor the occurrence and severity 
of valvular regurgitation. Menzies-Gow concluded that di-
minishing in LADd may have been due to the hypotension 
induced by acepromazine. Buhl and others saw no effect of 
acepromazine (0.1 mg/kg) administration on LVIDs, LVIDd, 
LVFWs, LVFWd, IVSs and IVSd. There was no change in blood 
flow across valves in published studies (Buhl et al. 2007; 
Menzies-Gow 2008) or the current study. One study report-
ed that detomidine and romifidine increased the frequency 
of valvular insufficiency whilst acepromazine decreased the 
occurrence of regurgitation (Buhl et al. 2007). The dose of 
acepromazine in the study of Buhl and her colleague was 
0.1 mg/kg while it was 0.03 mg/kg in the study of Men-
zies-Gow. We used 0.01 mg/kg acepromazine only, and 
as all of these three studies started the echocardiography 
10 minutes after administration of acepromazine, the dif-
ferences between results of these studies could be due to 
differences in dosee.

Vasodilators cause dilation in peripheral arteries resulting in 
an increase in blood flow velocity and turbulence; this ap-
pears to explain the findings of Nogueira et al. (2012) for the 
combination of acepromazine and buprenorphine in dogs. 
They used Duplex Doppler to evaluate blood flow. Femoral 
artery flow velocity increased after administration of the drugs, 
but flow volume was unaltered. In pigs, injection of vasoac-
tive drugs caused peripheral vascular dilation, and turbulent 
blood flow (Fernández et al. 2003). These findings show that 
the increase in blood flow seen in peripheral arteries after 
administration of acepromazine is the result of vasodilation 
and flow turbulence and not of cardiac origin.

In a study in eight horses, administration of detomidine and 
romifidine caused an increase in the frequency of valvular 
regurgitation whilst acepromazine administration resulted 
in a decrease in the occurrence of regurgitation (Buhl et 

al. 2007). In our study, only a single horse developed aor-
tic regurgitation (<1 cm) after xylazine administration and 
acepromazine did not cause any regurgitation. It seems 
that acepromazine caused lesser regurgitation in compari-
son to other sedatives.

Xylazine decreases the heart rate (Wagner and Muir 1991), 
increases incidence of cardiac arrhythmia (McCashin and 
Gabel 1975) and raises blood pressure (Muir and Mason 
1993). In one study, peripheral vascular resistance increased 
minimally after xylazine administration, also it has been shown 
that xylazine has less cardiovascular and cardiac depressive 
effects than detomidine or medetomidine (Yamashita et al. 
2000). In another study, xylazine (1 mg/kg IV) administration 
resulted in no statistically significant change in cardiac indices 
such as fractional shortening and ejection fraction (Linardi et 
al. 2008). The changes in blood pressure are the result of 
changes in peripheral resistance rather than changes in car-
diac output.

In an older study, sedation with xylazine resulted in a sig-
nificant decrease in heart rate, systolic wall thickness and 
inotropic indices while there was a marked increase in 
the luminal dimensions (Pipers 1978). Patteson and col-
leagues (1995) showed that detomidine administration 
resulted in a significant increase in LVIDs, the diameter of 
aorta at the level of the sinus of Valsalva (AoS) and the 
pre-ejection period (PEP). LVFWs, IVSs, FS and heart rate all 
decreased significantly. They ascribed the reduction in car-
diac performance to a decrease in myocardial contractility 
or an increase in afterload and also suggest that preload is 
not substantially altered by detomidine, despite a marked 
reduction in heart rate. In another study, detomidine in-
creased LAD, LVIDs, aortic dimensions and decreased IVSd 
and FS (Gehlen et al. 2004).

In the present study RVIDs was significantly increased after 
xylazine and acepromazine administration. An explanation 
for this is that there was an increase in pulmonary and aor-
tic artery resistance as has been described for medetomidine 
(Saponaro et al. 2013). This increase in pulmonary and aortic 
resistance would in turn increase right ventricle afterload and 
therefore RVIDs. This reflects the study of Yamashita et al., who 
found that the effect of xylazine on peripheral increased vas-
cular resistance (Yamashita et al. 2000).

Decreasing in LVIDd as a result of xylazine administration 
is a consequence of the vasoconstrictive effect of xylazine, 
which causes an increase in vascular resistance and sub-
sequently a reduction in preload. Buhl and colleagues re-
ported a decrease in IVSs and FS% after detomidine and 
romifidine administration and explained that this decline is 
the result of a reduction in systolic left ventricular perfor-
mance. IVSd was increased in our study, which may be the 
result of decreased preload and more bulging of the septum 
into the ventricle. Indeed, changes in IVSd have an inverse 
relationship to LVIDd, as a reduction in LVIDd can result in an 
increase in IVSd as a result of decreased pressure on the sep-
tum and vice versa. In our study, fractional shortening (FS%) 
was unchanged between groups demonstrating no change 
in cardiac performance or contractility after xylazine or ace-
promazine administration.
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Two potential further weaknesses of this study are that the 
small sample size is sufficient for an experimental study, but 
maybe not be large enough to reflect field conditions and 
further that it was not a blinded or randomized trial. We used 
a low dose of acepromazine and xylazine with minimal effects 
on echocardiographic measurements with the aim of inducing 
a light sedation to calm the horses and improve their restraint. 
We found that low dose acepromazine or xylazine do not alter 
spectral Doppler measurements. However, xylazine can alter 
ventricular and septal dimensions as measured in M-mode 
and that acepromazine could alter the RVIDs. These effects 
could also be the result of slower onset of acepromazine ef-
fect compared to xylazine.

It is worth considering that physiological stress and struggling 
activity in the horse will themselves alter haemodynamics by 
increasing the heart rate and blood velocity as a result of 
sympathetic activation, which could itself change Doppler pa-
rameters during examination. The present study suggests that 
if a sedative is required for echocardiography in the horse, 
acepromazine in low doses could be an appropriate choice. 
These results could be particularly relevant for the evaluation 
of valvular disease in highly-strung horses.
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