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Use of tranquilizers or sedatives is sometimes nec-
essary to aid in and simplify echocardiographic 
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OBJECTIVE
To determine effects of a combination of acepromazine maleate and 
butorphanol tartrate on conventional echocardiographic variables and on 
strain values obtained by use of 2-D speckle tracking echocardiography 
(STE) in healthy dogs.

ANIMALS
18 healthy medium- and large-size adult dogs.

PROCEDURES
Transthoracic echocardiographic examination (2-D, M-mode, color 
flow, spectral Doppler, and tissue Doppler ultrasonography) and high-
definition oscillometric blood pressure measurement were performed 
before and after dogs were sedated by IM administration of a combination 
of acepromazine (0.02 mg/kg) and butorphanol (0.2 mg/kg). Adequacy of 
sedation for echocardiographic examination was evaluated. Circumferential 
and longitudinal global and segmental strains of the left ventricle (LV) 
were obtained with 2-D STE by use of right parasternal short-axis and left 
parasternal apical views. Values before and after sedation were compared.

RESULTS
The sedation combination provided adequate immobilization to facilitate 
echocardiographic examination. Heart rate and mean and diastolic blood 
pressures decreased significantly after dogs were sedated. A few conventional 
echocardiographic variables differed significantly from baseline values after 
sedation, including decreased end-diastolic LV volume index, peak velocity 
of late diastolic transmitral flow, and late diastolic septal mitral and tricuspid 
annulus velocities, increased ejection time, and increased mitral ratio of 
peak early to late diastolic filling velocity; global strain values were not 
affected, but 1 segmental (apical lateral) strain value decreased significantly.

CONCLUSIONS AND CLINICAL RELEVANCE
Results indicated that acepromazine and butorphanol at the doses used in 
this study provided sedation adequate to facilitate echocardiography, with 
only mild influences on conventional and 2-D STE variables. (Am J Vet Res 
2017;78:158–167)

examination of dogs1,2 and to enable researchers and 
clinicians to obtain quality ultrasonographic images. 
The ideal sedative regimen for cardiovascular diag-
nostic procedures should reduce anxiety, provide ad-
equate immobilization, and preserve hemodynamic 
conditions as much as possible.1,3

Phenothiazine agents and opioid analgesics are 
frequently used in veterinary medicine to facilitate 
the handling of small animals. The effects of some 
of these sedatives on cardiovascular variables have 
been assessed in dogs3–7 and cats.8 The influence of 
acepromazine, alone3 or in combination with pethi-
dine5 or buprenorphine,6 on conventional echocar-
diographic measurements of healthy dogs has been 
determined. Acepromazine alone caused a reduction 
in LV wall stress, which was associated with a de-
crease in systolic and mean systemic arterial blood 

ABBREVIATIONS
DAP  Diastolic arterial blood pressure
EDV  End-diastolic volume
EDVI End-diastolic volume index
ESV  End-systolic volume
ESVI  End-systolic volume index
HR Heart rate
LV Left ventricle
LVAd  Left ventricle luminal area at end diastole
LVAs  Left ventricle luminal area at end systole
LVIDd  Left ventricle internal diameter at end diastole
LVIDs Left ventricle internal diameter at end systole
MAP Mean arterial blood pressure
ROI Region of interest
SAP Systolic arterial blood pressure
STE Speckle tracking echocardiography
Vmax Peak velocity
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pressures.3 When acepromazine was combined with 
pethidine, the combination induced a decrease in sys-
tolic and diastolic LV internal dimensions in healthy 
Greyhounds.5 In addition, a combination of aceproma-
zine and buprenorphine decreased ESVI and Vmax of 
late transmitral diastolic flow (A wave) in healthy Bea-
gles, which was associated with a reduction in HR.6

In healthy cats, a combination of acepromazine 
and butorphanol induced mild and clinically unim-
portant changes of conventional echocardiographic 
variables, including decreased LV end-diastolic dimen-
sion and increased LV end-diastolic wall thickness.8 
The combination of acepromazine and butorphanol 
is commonly used for and tolerated well by healthy 
dogs, and good sedation has been achieved,4,7 which 
is associated with minimal cardiovascular depression 
usually characterized by a transient decrease in HR,4 
decrease in systemic arterial blood pressure,9,10 or 
both.7 However, to the authors’ knowledge, the in-
fluence of acepromazine-butorphanol combinations 
on echocardiographic variables of dogs has not been 
investigated.

Two-dimensional STE represents a relatively 
novel ultrasonographic technique that has been in-
troduced in veterinary medicine to aid in the non-
invasive assessment of LV function. Specifically, 2-D 
STE can be used to measure, among other indices, 
myocardial strain, which represents deformation 
of a myocardial segment over time.11 Deformation 
analysis with 2-D STE is based on the formation 
of speckles (ie, a series of ultrasonographic com-
ponents attributable to reflection, scattering, and 
interference between tissue and ultrasound beams 
that can be tracked over time in 2-D echocardio-
grams).12–14 Deformation measurements derived by 
use of 2-D STE have been validated in dogs against 
measurements obtained by use of sonomicrometry 
and MRI,13,14 and adequate feasibility,14,15 reproduc-
ibility, and repeatability13 for their use in healthy 
subjects have been reported. Furthermore, various 
2-D STE indices have been evaluated in canine pa-
tients with differing severities of myxomatous mi-
tral valve disease16–19 and in dogs with Duchenne 
muscular dystrophy.6

Effects of sedation on some 2-D STE indices were 
assessed in 6 healthy Beagles.6 In that study,6 dogs 
were sedated with a combination of acepromazine 
and buprenorphine. To the authors’ knowledge, the 
influence of sedation on 2-D STE variables has not 
been investigated for a combination of acepromazine 
and butorphanol or in large populations of dogs.

The objective of the study reported here was to 
determine effects of sedation with a combination 
of acepromazine and butorphanol on conventional 
echocardiographic variables and on strain values 
obtained by use of 2-D STE in healthy dogs. We hy-
pothesized that this combination of drugs would 
have only minimal influence on echocardiographic 
variables.

Materials and Methods

Animals
Apparently healthy adult dogs with no history of 

heart or respiratory tract disease and that were not re-
ceiving medications were prospectively recruited from 
among the pets of staff and students of the University 
of Murcia. Dogs were eligible for inclusion if they were 
medium to large size (body weight, 15 to 50 kg) and > 
1 year old. Dogs were confirmed healthy on the basis 
of the medical history and results of physical examina-
tion, a CBC, blood biochemical analysis, noninvasive 
blood pressure measurement, electrocardiography, 
and conventional echocardiography. Owner consent 
was obtained for each dog before it was enrolled in the 
study. The study protocol was approved by the Ethics 
Committee of the University of Murcia.

Experimental procedures
Dogs were allowed to acclimate to the exami-

nation room for at least 15 minutes before the ex-
periments began. A baseline echocardiographic 
examination was performed before dogs were se-
dated. The sedation protocol consisted of a combi-
nation of acepromazine maleate (0.02 mg/kg) and 
butorphanol tartrate (0.2 mg/kg) administered IM. 
Drug doses were chosen on the basis of published 
information that they would result in an ambula-
tory dog with mild to moderate sedation.20 The 
degree of sedation was considered adequate for 
echocardiographic examination when dogs vol-
untarily maintained lateral recumbency with no 
attempts to change position and breathed calmly, 
which reduced respiration artifacts and allowed 
the operator to comfortably perform a quality di-
agnostic procedure. Echocardiographic examina-
tions were repeated 30 to 40 minutes after drug  
administration.

Blood pressure measurement
Immediately before echocardiographic examina-

tions were performed, noninvasively obtained indirect 
estimates of blood pressure were recorded by use of a 
high-definition oscillometric device.a Dogs were gen-
tly restrained in sternal or lateral recumbency (accord-
ing to each dog’s preference) for 5 minutes before mea-
surements were obtained by use of a cuff positioned at 
the base of the tail. Three to 5 indirect estimates were 
collected, and values for SAP, MAP, and DAP were 
obtained. Quality and reliability of recordings were 
assessed by visual inspection of the blood pressure 
waveforms on a computer monitor. The mean value 
for ≥ 3 reliable measurements was calculated and used 
for statistical analysis.

Echocardiographic examination
All echocardiographic examinations were per-

formed by use of a commercially available ultrasound 
unitb equipped with a multifrequency 1- to 5-MHz 
phased-array sector transducer with simultaneous ECG 
recording. All echocardiograms were obtained and 
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measured by a single experienced operator (MJFP), 
who used standard methods described elsewhere.21–24 
During examination, all dogs were positioned first in 
right and then in left lateral recumbency. All data were 
obtained for at least 4 consecutive cardiac cycles dur-
ing stable sinus rhythm and at the end of expiration. 
Each echocardiographic examination was stored digi-
tally for analysis offline. The operator was not aware of 
the sedation status of each dog when performing of-
fline measurements. Mean values over 3 cardiac cycles 
were calculated and used for statistical analysis.

M-mode measurements
The M-mode measurements of LVIDs, LVIDd, in-

terventricular septum during systole and diastole, 
and posterior wall of the LV during systole and di-
astole were obtained from 2-D–guided M-mode im-
ages recorded at the level of the chordae tendinae, 
in accordance with the leading edge-to-leading edge 
method. The percentage of fractional shortening was 
calculated as ([LVIDd – LVIDs]/LVIDd) X 100. The  
M-mode measurements of E-point to septal separation 
were achieved by use of parasternal transverse mitral 
valve views.

2-D measurements
Measured conventional echocardiographic vari-

ables included LV ESV and EDV obtained with the modi-
fied single-plane Simpson method by use of images 
acquired from a right parasternal 4-chamber long-axis 
view. The LV ejection fraction was calculated as ([EDV 
– ESV]/EDV) X 100.  The LV ESVI and EDVI were de-
rived, respectively, from ESV and EDV 
measurements (obtained from 2-D im-
ages) and divided by body surface area. 
Aortic annulus diameter was obtained 
from the right parasternal long-axis view 
by use of the inner edge-to-inner edge 
method. Cross-sectional area of the aor-
tic annulus, which subsequently was 
used to determine cardiac output, was 
calculated as πr2, where π = 3.14 and r 
is the annulus radius (corresponding to 
half of the diameter). Right parasternal 
short-axis views at the level of the papil-
lary muscles were used to calculate LVAs 
and LVAd, and LV shortening area was 
then calculated as ([LVAd – LVAs]/LVAd) 
X 100. Measurements of left atrium and 
aorta dimensions were obtained on 2-D 
parasternal short-axis views at the level 
of the aortic valve in early ventricular di-
astole at the first frame after aortic valve 
closure. The left atrium-to-aorta ratio was 
then calculated.

Spectral Doppler ultra- 
sonography measurements

Pulmonary artery flow was record-
ed with pulsed-wave Doppler ultraso-

nography from the right parasternal short-axis view 
at the level of the pulmonary artery. Pulmonary artery 
Vmax and transpulmonary pressure gradient were 
determined. Continuous-wave Doppler ultrasonogra-
phy was used to record aorta flow from the subcos-
tal 3-of-5 chamber view. The aorta Vmax, transaortic 
pressure gradient, LV preejection period, LV ejection 
time, and velocity time integral were measured. The 
LV preejection period-to-LV ejection time ratio was 
also calculated. Cardiac output was determined as 
HR X cross-sectional area of the aortic annulus X ve-
locity time integral. Transmitral flow was recorded 
from the left parasternal apical 4-chamber view with 
pulsed-wave Doppler ultrasonography; variables mea-
sured included Vmax of early diastolic flow (E wave), 
deceleration time of early diastolic flow, A wave, and 
duration of late diastolic flow. Thereafter, the ratio 
of the peak of the E wave to peak of the A wave was 
calculated.

Spectral pulsed tissue Doppler  
ultrasonography measurements

Myocardial (peak systolic, early diastolic, and 
late diastolic) velocities were obtained from left api-
cal parasternal 4-chamber views by use of tissue 
Doppler ultrasonographic imaging, with the pulsed 
Doppler ultrasonography sample volume positioned 
on the lateral and septal walls of the mitral annulus. 
The ratio of early diastolic transmitral flow velocity to 
tissue Doppler ultrasonography early diastolic lateral 
mitral annulus velocity was then calculated. The LV 
myocardial performance index was also derived by 

Figure 1—Representative 2-D echocardiographic image obtained from a 
healthy dog providing a right parasternal short-axis view of the LV at the level of 
the papillary muscles in which there is a circular ROI drawn by the software that 
has been adjusted manually. The myocardium has been divided automatically into 
6 segments for strain analysis in accordance with the anatomy classification for 
humans. The 6 segments are as follows: anteroseptal (ASM [yellow]), anterior 
(AM [light blue]), lateral (ALM [green]), posterior (ILM [purple]), inferior (IM 
[dark blue]), and septal (ISM [red]). Notice the simultaneously recorded ECG 
tracing at the bottom of the image (green line). Tick marks on the right side are 
at intervals of 5 mm.
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use of tissue Doppler ultrasonographic imaging and 
calculated as (isovolumic contraction time + isovolu-
mic relaxation time)/LV ejection time. Tricuspid lat-
eral annular (peak systolic, early diastolic, and late 
diastolic) velocities were also determined.

2-D STE
For analysis of 2-D STE data, images were recorded 

at rates of 60 to 90 Hz for a minimum of 4 consecutive 
cardiac cycles. The LV strain analysis was performed 
offline on a separate personal computer by use of 
software.c Recordings of good quality 2-D cine loops of 
the LV recorded from the left parasternal apical 4-cham-
ber view and the right parasternal short-axis view at the 
level of the papillary muscle were used for analysis of 
longitudinal and circumferential strain.

To calculate circumferential strain, the software 
drew a circular ROI in each short-axis view. The op-
erator adjusted the ROI manually to best incorpo-
rate the entire myocardial thickness (Figure 1). The 
software algorithm automatically segmented the LV 
short-axis and performed speckle tracking on 6 seg-
ments (anteroseptal, anterior, lateral, posterior, in-
ferior, and septal), which were in accordance with 
standard segmentation models used for humans. Six 
circumferential strain profiles were obtained that 

corresponded to the average values of each myocar-
dial segment. Global strain values were automatically 
calculated by the software and corresponded to the 
peak of the global strain curve prior to aortic valve 
closure (Figure 2).

Global longitudinal strain was obtained by manual 
placement of 3 reference points (one on each side of the 
mitral valve annulus and the third at the apical endo-
cardial border). The software then created an ROI with 
the automatic delineation of endocardial and epicardial 
borders. The operator subsequently adjusted the ROI to 
best incorporate the entire myocardial thickness (Fig-
ure 3). The LV was divided into 7 segments (basal sep-
tal, midseptal, apical septal, apical, apical lateral, mid-
lateral, and basal lateral) by the software in accordance 
with standard segmentation models used for humans. 
The operator inspected the adequacy of segmentation 
and verified that the ROI followed the movements of 
each segment of the myocardium throughout the car-
diac cycle. The software algorithm performed speckle 
tracking and derived segmental and global strain val-
ues. Global longitudinal strain was calculated from the 
entire ROI, which was considered as a single segment 
(Figure 4).

Event timing for aortic valve closure was record-
ed from the flow profile of the LV outflow tract ob-

tained by use of pulsed-wave Doppler 
ultrasonography.

Between-day intraobserver repeat-
ability of 2-D STE variables was deter-
mined by use of 6 unsedated dogs and 
strain analysis performed on 2 days 
over a 2-week period. Each variable 
was measured 3 times during 3 consec-
utive cardiac cycles by use of the same 
loop, and the mean value was used to 
determine between-day repeatability.

Statistical analysis
Statistical analysis was per-

formed with commercially available 
software.25,d,e An a priori power anal-
ysis by use of a t test between means 
(α = 0.05 and power = 0.8) indicated 
that 14 dogs would be needed to de-
tect large effects (d = 0.8) and 33 dogs 
would be needed to detect medium ef-
fects (d = 0.5).

Distribution of variables was 
tested for normality by use of the 
Shapiro-Wilk test (α = 0.05). Data 
were normally distributed, and mean 
and SD for each normally distributed 
variable were calculated. A paired 
Student t test was used to compare 
variables between nonsedated and 
sedated states. Adjustments for mul-
tiple comparisons were made by use 
of the Benjamini-Hochberg proce-
dure to control the false discovery 
rate.26,27 Variables were considered 

Figure 2—Representative 2-D echocardiographic image obtained from a healthy 
dog (top) and a circumferential time-strain curve obtained by use of 2-D STE (bot-
tom). In the 2-D image, an ROI has been drawn by the software and the myocardium 
has been divided into 6 segments. Strain values for each segment are indicated and 
represent the corresponding percentage. Notice the simultaneously recorded ECG 
tracing at the bottom of the 2-D image (green line). The bottom panel provides 
color-coded circumferential strain curves for each of the 6 segments and a global 
strain curve (dotted white line), with strain value percentages on the y-axis and time 
in seconds on the x-axis. Yellow circles on the strain curves represent peak circum-
ferential systolic strain values. The global circumferential strain value (white circle) 
is –28% and corresponds to the peak of the global strain curve prior to aortic valve 
closure (CVA). See Figure 1 for remainder of key.



162 AJVR • Vol 78 • No. 2 • February 2017

significantly affected by sedation when the corre-
sponding value was P < 0.01 (false discovery rate, 
< 5%). Correlations between HR and echocardio-
graphic variables that had a significant treatment 
effect were examined by use of Pearson correla-
tion analysis. Values of P < 0.05 were considered 
significant.

Between-day intraobserver variability for global 
strain values was quantified as follows: coefficient 
of variation = (mean difference between measure-
ments/mean of measurements) X 100.

Results

Animals
The study population comprised 18 medium- to 

large-sized healthy dogs that consisted of 5 Labra-
dor Retrievers, 5 mixed-breed dogs, 3 Dalmatians, 1 
American Staffordshire Bull Terrier, 1 Golden Retriev-
er, 1 Irish Setter, 1 Spanish Podenco, and 1 Weimara-
ner. Seven dogs were spayed females, 6 were sexually 
intact females, 3 were castrated males, and 2 were 
sexually intact males. Age of the dogs ranged from 2 
to 10 years (median, 5 years), and body weight ranged 
from 16 to 48 kg (median, 26.5 kg).

Sedation
The degree of sedation was considered adequate 

to facilitate echocardiography in all dogs. Panting 
was observed in 1 dog during the baseline examina-
tion and continued after the dog was sedated.

Cardiovascular variables
Mean ± SD HR after sedation (80 ± 19 beats/min) 

was significantly (P < 0.01) lower than the mean HR 
before sedation (107 ± 22 beats/min). Mean nonin-
vasively measured DAP and MAP after sedation (59 
± 10 mm Hg and 80 ± 10 mm Hg, respectively) were 
significantly (P < 0.01) lower than values obtained be-
fore sedation (69 ± 12 mm Hg and 91 ± 10 mm Hg, 
respectively).

Standard and spectral pulsed tissue 
Doppler echocardiography

Results for conventional echocardiographic vari-
ables were determined (Tables 1 and 2). The ma-
jority (38/44 [86%]) of variables measured were not 
significantly different from baseline values after treat-
ment. The EDVI, A wave, late diastolic velocity for the 
septal wall of the mitral annulus, and late diastolic ve-
locity for the tricuspid lateral annulus decreased after 
sedation, and ejection time and peak of the E wave-
to-peak of the A wave ratio increased after sedation.

Pearson correlation analysis revealed significant 
correlations between HR and several variables. There 
was a significant positive correlation between HR and 
the A wave (r = 0.58; P < 0.001), late diastolic veloc-
ity for the septal wall of the mitral annulus (r = 0.43; 
P = 0.01), and late diastolic velocity for the tricuspid 
lateral annulus (r = 0.39; P = 0.024), and a significant 
negative correlation between HR and ejection time (r 
= –0.59; P < 0,001) and peak of the E wave-to-peak of 
the A wave ratio (r = –0.61; P < 0.001).

2-D STE
Results for 2-D STE variables were 

determined (Table 3). All segments 
could be tracked and used for strain 
analysis. The frame rate used to analyze 
STE indices ranged from 60 to 90 Hz. 
Between-day coefficient of variation 
values ranged from 8.8% to 9.77%. The 
majority (14/15) of 2-D STE variables 
measured did not differ significantly 
when strain indices after sedation were 
compared with baseline values. Spe-
cifically, global strain values were not 
affected by sedation, whereas among 
segmental strain values, apical lateral 
strain was significantly decreased in se-
dated dogs. No significant correlation 
was found between apical lateral strain 
and HR.

Discussion
The present study was the first 

in which effects of a combination of 
acepromazine and butorphanol on con-
ventional echocardiographic variables 
and on strain values obtained by use 
of 2-D STE were evaluated in healthy 
dogs. Results indicated that aceproma-

Figure 3—Representative 2-D echocardiographic image obtained from a 
healthy dog providing a left apical 4-chamber view of the LV in which an 
ROI (drawn by the software) with delineation of endocardial and epicardial 
borders has been adjusted manually. The myocardium has been automatically 
divided into 7 segments for strain analysis in accordance with standard seg-
mentation models used for humans. The 7 segments are as follows: basal sep-
tal (ISB [yellow]), midseptal (ISM [light blue]), apical septal (SApic [green]), 
apical (Ápice [white]), apical lateral (LApic [purple]), midlateral (ALM [dark 
blue]), and basal lateral (ALB [red]). Notice the simultaneously recorded 
ECG tracing at the bottom of the image (green line). Tick marks on the right 
side are at intervals of 5 mm.
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zine and butorphanol at the doses used in this study 
provided sedation adequate to facilitate echocardio-
graphic examination with only mild influence on con-
ventional and 2-D STE echocardiographic variables.

Transient decreases in HR4 or arterial blood 
pressure9,10 (or both7) after administration of vari-
ous combinations of acepromazine and butorphanol 
have been described. The use of opioid-tranquilizer 
combinations makes it difficult to attribute cardiovas-
cular effects to either drug alone.7 In healthy dogs, 
a reduction of HR and SAP3,4 or MAP3 has been de-
scribed after administration of acepromazine alone. 
The decrease in HR may be attributable to a central 
vagal effect,7 whereas the reduction in arterial blood 
pressure would be mediated through peripheral  
α1-adrenoceptor blockade and depression of the hy-
pothalamic vasomotor center.4 Reductions in HR and 
arterial blood pressures have also been reported for 
dogs treated with butorphanol alone,28,29 with the re-
duction in HR probably related to an increase in vagal 
tone4 and the reduction in arterial blood pressures to 
a decrease in peripheral vascular tone.7,29

In the present study, 3 of 18 dogs had bradycar-
dia (HR < 60 beats/min) after acepromazine-butor-

phanol treatment. Bradycardia was a 
common finding in another study29 in 
which healthy dogs received butor-
phanol IV at doses of 0.1 or 0.4 mg/
kg; bradycardia was recorded up to 60 
minutes after drug injection, even if it 
was easily reversible with verbal stimu-
lation.29 In a later study28 that involved 
use of halothane-anesthetized dogs, the 
reduction of HR observed after IV ad-
ministration of butorphanol (0.2 mg/
kg) was considered clinically relevant, 
and the concurrent use of an anticho-
linergic agent to prevent bradycardia 
was suggested. Specifically because 
of its anticholinergic effects, the use 
of acepromazine before opioid admin-
istration to reduce the incidence of  
bradycardia was supported by results 
of another study7 in which aceproma-
zine (0.22 mg/kg) and butorphanol 
(0.22 mg/kg) were administered IV or 
IM. Interestingly, in that study,7 no sig-
nificant differences in mean HR were 
detected when comparing the 2 routes 
of administration. However, in a subse-
quent study,4 bradycardia was detected 
in 3 of 6 dogs after IV administration 
of butorphanol (0.15 mg/kg) despite 
pretreatment with acepromazine (0.05 
mg/kg). Therefore, it can be concluded 
on the basis of results of the present 
study and of other studies that brady-
cardia might occur in healthy dogs 
treated with acepromazine and bu-
torphanol, regardless of the dose and 

route of administration. Thus, the possibility of bra-
dycardia should be considered before this combina-
tion of drugs is used.

Mild changes in arterial blood pressure were de-
tected in dogs of the present study after aceproma-
zine-butorphanol treatment. These changes were 
characterized by a decrease of 14% in DAP and a 
decrease of 12% in MAP. Even though mean blood 
pressure values obtained after sedation in the pres-
ent study were in the normotensive range, an SAP  
< 90 mm Hg was recorded in one dog, and an MAP  
< 70 mm Hg was recorded in another dog. Hypoten-
sion (SAP < 90 mm Hg and MAP < 70 mm Hg) was not 
detected after acepromazine administration alone in 
healthy awake dogs,3,4 nor was it detected after injec-
tion of butorphanol alone in another population of 
healthy dogs,28,29 whereas the effects of various com-
binations of the 2 drugs are variable.4,7,10 More specifi-
cally, hypotension has not been reported after IV or 
IM administration of various doses of acepromazine-
butorphanol when acepromazine was administered 
15 minutes before the administration of butorpha-
nol.4,7 Mild arterial and pulmonary arterial hypoten-
sion was observed in another study10 that involved 

Figure 4—Representative 2-D echocardiographic image obtained from a 
healthy dog (top) and a longitudinal time-strain curve obtained by use of 2-D STE 
(bottom). In the 2-D image, an ROI drawn by the software has been manually 
adjusted and the myocardium has been divided into 7 segments. Strain values for 
each segment are indicated and represent the corresponding percentage. No-
tice the simultaneously recorded ECG tracing at the bottom of the 2-D image 
(green line). Tick marks on the right side are at intervals of 1 cm. The bottom 
panel provides color-coded longitudinal strain curves for each of the 7 segments 
and a global circumferential strain curve (dotted white line), with strain value 
percentages on the y-axis and time in seconds on the x-axis. Yellow circles on 
the strain curves represent peak longitudinal systolic strain values. The global 
circumferential strain value (white circle) is –22% and corresponds to the peak 
of the global strain curve prior to aortic valve closure (CVA). See Figure 3 for 
remainder of key.
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use of acepromazine and butorphanol administered 
simultaneously IM, as in the present study. Consid-
ering the results of previous studies, hypotension 
does not appear to be exacerbated by the use of a 
particular route of administration or by higher doses 
of the drugs. It remains to be determined whether  
hypotension can be fully avoided by first administering 
acepromazine alone followed subsequently by adminis-
tration of butorphanol. However, this may be impracti-
cal for clinical purposes. In fact, 2 invasive procedures 
(injections) would be needed, and the diagnostic proce-
dure (eg, echocardiography) could be delayed. Regard-
less, changes of arterial blood pressures observed in the 
present study were considered mild, and the sedation 
protocol was considered adequate to facilitate echocar-
diographic examination of healthy animals.

In the present study, 6 of 44 conventional echocar-
diographic variables (EDVI, ejection time, A wave, late 
diastolic velocity for the septal wall of the mitral annu-
lus, late diastolic velocity for the tricuspid lateral annu-
lus, and peak of the E wave-to-peak of the A wave ratio) 
were significantly affected by sedation. Variables altered 
by sedation reflected both systolic and diastolic func-
tion. The EDVI after sedation was decreased from the 
baseline value, which suggested a reduction in preload 
that could have been related to diminished vascular re-
sistance induced by the combination of drugs.

The increase in ejection time detected after seda-
tion in the present study could have been secondary 

to a reduced afterload. In fact, even if a reduction in 
HR can increase ejection time, this would be relat-
ed to an increase in preload, not supported by the 
changes observed for other echocardiographic vari-
ables. However, the influence of HR on duration of 
ejection time cannot be completely excluded because 
of the moderate negative correlation between the 2 
variables. A moderate positive correlation between 
HR and the A wave and a strong negative correlation 
between HR and peak of the E wave-to-peak of the 
A wave ratio were also found. However, because a 
slow HR is expected to increase flow velocity of the 
A wave,30 the reduction in A wave and subsequent 
increase in the peak of the E wave-to-peak of the A 

Table 1—Mean ± SD values for 2-D and M-mode echocardio-
graphic variables measured in 18 healthy dogs before (baseline) 
and after sedation by IM administration of a combination of 
acepromazine maleate (0.02 mg/kg) and butorphanol tartrate 
(0.2 mg/kg).

Variable Baseline Sedation

HR (beats/min) 107 ± 22 80 ± 19*
SAP (mm Hg) 131 ± 10 118 ± 14
DAP (mm Hg) 69 ± 12 59 ± 10*
MAP (mm Hg) 91 ± 10 80 ± 10*
LV outflow tract (cm) 1.80 ± 0.21 1.83 ± 0.21
ESVI (mL/m2) 30.9 ± 6.5 29.4 ± 7.3
EDVI (mL/m2) 65.6 ± 11 59.1 ± 12.2*

LV ejection fraction (%) 53 ± 4 50 ± 7
LVAs (cm2) 7.9 ± 2.0 7.9 ± 2.4
LVAd (cm2) 14.1 ± 3.0 13.5 ± 3.6
LV shortening area (%) 44 ± 5 42 ± 6
IVSs (cm) 1.33 ± 0.20 1.31 ± 0.21
IVSd (cm) 1.04 ± 0.33 0.99 ± 0.14
LVIDs (cm) 2.89 ± 0.51 2.80 ± 0.42
LVIDd (cm) 4.03 ± 0.58 3.81 ± 0.45

LVPWs (cm) 1.31 ± 0.18 1.36 ± 0.33
LVPWd (cm) 0.91 ± 0.13 0.96 ± 0.12
Fractional shortening (%) 30 ± 6 28 ± 5
EPSS (cm) 0.32 ± 0.10 0.34 ± 0.13
Left atrium-to-aorta ratio 1.34 ± 0.19 1.35 ± 0.19

*Within a row, value differs significantly (P < 0.01) from the base-
line value.

EPSS = E-point to septal separation. IVSd = Interventricular septum 
at end diastole. IVSs = Interventricular septum at end systole. LVPWd 
= Left ventricular posterior wall at end diastole. LVPWs = Left ven-
tricular posterior wall at end systole.

Variable Baseline Sedation

Pulmonary artery Vmax (m/s) 1.12 ± 0.27 0.99 ± 0.23
Pulmonary artery PG (mm Hg) 5.30 ± 2.48 4.17 ± 2.17
Aorta Vmax (m/s) 1.66 ± 0.25 1.56 ± 0.33
Aorta PG (mm Hg) 11.30 ± 3.68 10.20 ± 4.50
LV PEP (ms) 52 ± 12 57 ± 14
LV ejection time (ms) 162 ± 18 184 ± 27*
LV velocity time integral (cm) 17.7 ± 2.86 18.0 ± 3.55
LV PEP-to-ejection time ratio 6.67 ± 1.03 6.27 ± 1.34
Stroke volume (mL) 44.9 ± 9.6 47.9 ± 14.6

Cardiac output (L/min) 4.8 ± 1.2 3.9 ± 1.6
E wave (m/s) 0.78 ± 0.15 0.74 ± 0.13
DcT (ms) 103 ± 21 106 ± 30
A wave (m/s) 0.58 ± 0.23 0.41 ± 0.13*
Adur (ms) 80 ± 9 87 ± 14
E:A 1.46 ± 0.41 1.92 ± 0.43*
S lat (cm/s) 14.4 ± 6.0 12.7 ± 4.5
E’ lat (cm/s) 12.2 ± 3.1 10.6 ± 3.3
A’ lat (cm/s) 7.9 ± 2.1 6.5 ± 2.0
E:E’ lat 0.07 ± 0.02 0.08 ± 0.02

Isovolumic relaxation time (ms) 86 ± 36 87 ± 29
Isovolumic contraction time (ms) 57 ± 18 52 ± 19
LV myocardial performance index 0.88 ± 0.19 0.77 ± 0.24
S sep (cm/s) 12.3 ± 4.1 11.0 ± 3.3
E’ sep (cm/s) 8.5 ± 2.6 7.1 ± 2.0
A’ sep (cm/s) 7.9 ± 2.5 5.3 ± 1.1*
S tric (cm/s) 16.2 ± 7.6 15.6 ± 4.5
E’ tric (cm/s) 11.2 ± 3.8 11.6 ± 3.5
A’ tric (cm/s) 11.9 ± 3.8 7.7 ± 1.9*

A wave = The Vmax of late transmitral diastolic flow. Adur = Duration 
of late transmitral diastolic flow. A’ lat = Late diastolic velocity of annulus 
motion for the lateral wall of the mitral annulus. A’ sep = Late diastolic 
velocity of annulus motion for the septal wall of the mitral annulus. A’ tric 
= Late diastolic velocity of annulus motion for the tricuspid annulus. DcT = 
Deceleration time of early transmitral diastolic flow. E wave = The Vmax 
of early transmitral diastolic flow. E:A = Peak of E wave to peak of A wave 
ratio. E:E’ lat = Ratio of peak of E wave to early diastolic velocity of annulus 
motion for the lateral wall of the mitral annulus. E’ lat = Early diastolic 
velocity of annulus motion for the lateral wall of the mitral annulus. E’ sep 
= Early diastolic velocity of annulus motion for the septal wall of the mitral 
annulus. E’ tric = Early diastolic velocity of annulus motion for the tricuspid 
annulus. PEP = Pre-ejection period. PG = Transpulmonary pressure 
gradient. S lat = Peak systolic velocity of annulus motion for the lateral 
wall of the mitral annulus. S sep = Peak systolic velocity of annulus motion 
for the septal wall of the mitral annulus. S tric = Peak systolic velocity of 
annulus motion for the tricuspid annulus. 

See Table 1 for remainder of key.

Table 2—Mean ± SD values for Doppler ultrasonography – 
derived echocardiographic variables measured in 18 healthy dogs 
before (baseline) and after sedation by IM administrat ion of a com-
bination of acepromazine maleate and butorphanol tartrate.
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wave ratio observed in the present study could have 
been the effect of a reduced preload, as has been sug-
gested for EDVI. A decreased A wave, associated with 
a reduction in HR, has been also reported for healthy 
Beagles sedated with a combination of acepromazine 
and buprenorphine.6

Two pulsed-wave tissue Doppler ultrasonograph-
ic imaging variables (late diastolic velocity for the 
septal wall of the mitral annulus and late diastolic 
velocity for the tricuspid lateral annulus) were signifi-
cantly decreased after sedation in the present study. 
Although preload can affect pulsed-wave tissue Dop-
pler ultrasonographic imaging variables of healthy 
dogs, with an increase of velocities for increased pre-
loads, these variables appear to be less affected by 
HR.30 Therefore, results of the present study might 
have reflected a reduced preload. Although positive 
correlations were found between HR and late diastol-
ic velocity for the septal wall of the mitral annulus 
and between HR and late diastolic velocity for the 
tricuspid lateral annulus, and even if these findings 
could have been spurious, the contribution of HR to 
their reduction cannot be excluded.

In the present study, the majority (14/15) of 2-D 
STE variables did not differ significantly when base-
line and postsedation values were compared. In 
particular, global strain indices were unaffected by 
treatment, whereas only 1 segmental strain value 
(apical lateral) decreased significantly after sedation. 
The fact that global strain values were not affected 
by treatment is probably more interesting than the 
small decrease in 1 segmental strain value. Significant 
differences among 2-D STE–derived segmental longi-
tudinal strain and strain rate values were not found in 
a previous study31 in which investigators compared 
2-D STE and color tissue Doppler ultrasonography 
imaging for healthy dogs. In addition, average global 
values are considered an acceptable representation of 
the entire LV deformation and are more commonly 

used than are segmental values.16,17 Furthermore, the 
segmentation used in the present study and in most 
studies of dogs is created automatically by the soft-
ware taking into account anatomy of the LV in hu-
mans, which does not necessarily correspond to the 
anatomy of the LV in dogs.16

The small decrease in apical lateral strain ob-
served in the present study after treatment could 
have been induced by the aforementioned suggested 
decrease in preload or afterload (or both). Some defor-
mation indices reportedly reflect LV function at least 
in part independently of hemodynamic load in clini-
cally normal awake dogs.13 However, results of other 
studies15,18 have not supported load independency of 
these measurements. A decrease in strain variables 
may also be the result of a longer R-R interval caused 
by a decrease in vagal tone.32 The influence of HR on 
2-D STE–derived strain indices of dogs is variable. In a 
study33 conducted to assess myocardial deformations 
at pacing rates of 120, 140, 160, and 180 beats/min 
in healthy anesthetized dogs, results indicated that 
longitudinal, circumferential, and radial strain values 
were not affected by increases in HR. However, other 
studies16–19,32 have revealed correlations between HR 
and 2-D STE–derived indices. In the present study, no 
correlations between HR and apical lateral strain after 
sedation were found; therefore, it cannot be excluded 
that such a decrease was dependent on altered load-
ing conditions.

The values obtained for global strain in the base-
line examination were similar to those previously re-
ported for healthy awake dogs in other studies.19,32 
However, the segmental longitudinal strain values ap-
peared less comparable to those of another study31 
in which different equipment and segmentation 
analysis were used. Algorithms used to perform de-
formation analysis are proprietary, and it is not clear 
whether values obtained with one software system 
can be used interchangeably with those obtained by 
use of another.11,16,34,35 Studies35,36 in human medicine 
have revealed significant differences between strain 
values obtained by use of software products from 
various manufacturers, and attempts have been made 
to improve strain concordance among vendors. Fur-
thermore, results of a study35 in which investigators 
compared longitudinal strain values attained with 
equipment from 2 manufacturers indicated good 
agreement for global longitudinal strain but not for 
segmental values, which supports the use of global 
longitudinal strain for clinical practice. In veterinary 
medicine, information regarding agreement in strain 
measurements among vendors is lacking, but it might 
be speculated that similar limitations exist and that 
the use of global values may partially reduce interpre-
tation errors until standardization is achieved.

The present study had limitations. The sample 
size needed to achieve statistical power for a medium 
or small effect was larger than the study population 
of 18 dogs; thus, caution should be used when extrap-
olating findings to larger populations. Large effects 

Variable Baseline Sedation

Global circumferential strain –26 ± 3 –25 ± 4
Global longitudinal strain –20 ± 3 –20 ± 4
Anteroseptal strain –30 ± 7 –30 ± 8
Anterior strain –30 ± 5 –28 ± 6
Lateral strain –25 ± 6 –25 ± 7
Posterior strain –27 ± 7 –22 ± 6
Inferior strain –27 ± 5 –24 ± 7
Septal strain –25 ± 6 –24 ± 7

Basal septal strain –18 ± 4 –18 ± 5
Midseptal strain –25 ± 8 –22 ± 4
Apical septal strain –25 ± 8 –25 ± 6
Apical strain –23 ± 6 –21 ± 4
Apical lateral strain –22 ± 6 –18 ± 4*
Midlateral strain –18 ± 6 –23 ± 7
Basal lateral strain –20 ± 5 –21 ± 7

Values reported are percentages.
See Table 1 for remainder of key.

Table 3—Mean ± SD values for STE-derived variables mea-
sured in 18 healthy dogs before (baseline) and after sedation by 
IM administration of a combination of acepromazine maleate 
and butorphanol tartrate.
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were considered more clinically relevant, and the re-
lated statistical power was adequate for the purposes 
of the present study. Another limitation was that the 
population of dogs differed with regard to sex and 
age, and only medium- to large-sized dogs were in-
cluded; thus, results may not represent the overall 
dog population. However, dogs had a body weight 
range of 15 to 50 kg, which was important consider-
ing that strain is a measurement of systolic function 
that can be especially useful to assess medium- and 
large-sized dogs predisposed to cardiomyopathies 
such as dilated cardiomyopathy. Furthermore, the 
study subjects were healthy dogs, and sedation may 
have a different influence on echocardiographic vari-
ables in dogs with cardiac disease. The sedative com-
bination may be less safe for use in unhealthy ani-
mals, with potential adverse effects other than those 
detected in the present study. Therefore, clinicians 
should be cautious when such a sedative combination 
is administered to unhealthy dogs, especially those 
with cardiac disease.

The use of acepromazine in combination with bu-
torphanol at the doses administered in the present study 
provided sedation adequate to facilitate echocardiogra-
phy in healthy dogs. It resulted in only minimal changes 
to conventional echocardiographic variables and 2-D 
STE–derived strain measurements. Therefore, the seda-
tive combination used in this study could be considered 
for clinical use in healthy dogs when pharmacological 
means are required to aid echocardiographic assess-
ment, including strain analysis performed with 2-D STE. 
However, clinicians and researchers must take into ac-
count the fact that small echocardiographic changes 
probably attributable to reduced preload or afterload (or 
both) might be detected and that bradycardia could be a 
common adverse effect.
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Footnotes
a. Memo Diagnostic Pro, S+B MedVet GmBH, Babenhausen, 

Germany.
b. iE33 ultrasound system, Philips Medical Systems, Andover, 

Mass.
c. Qlab 2D Strain software, version 9.0, Philips Medical Sys-

tems, Andover, Mass.
d. R, version 3.1.2, The R Foundation for Statistical Computing. 

Available at: www.cran.r-project.org/. Accessed Jul 7, 2015.
e. IBM SPSS statistics for Windows, version 19.0, IBM Corp, Ar-

monk, NY.
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