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ABSTRACT: The objective of this study was to investigate the echocardiographic changes during anesthesia induction in dogs sedated
with acepromazine (0.05mg/kg) and butorphanol (0.3mg/kg) (AB). Twenty-four male dogs, with a mean weight of 12.40kg+3.1kg, were
randomly assigned to 4 groups (n=6). Fifteen minutes after administering pre-anesthetic medication, anesthesia with diazepam (0.5mg/kg)
and etomidate (Img/kg) (group DE); diazepam (0.5mg/kg) and ketamine (3mg/kg) (group CD); propofol (4mg/kg) (group P); or ketamine
(Img/kg) and propofol (3mg/kg) (group CP) was administered to the 6 dogs in each group. Systolic blood pressure (SBP) was measured and
echocardiography was performed immediately prior to the application of the sedation protocol (baseline), 15 minutes after sedation (M1), and
immediately after anesthesia induction (M2). No significant differences were observed in SBP and in hemodynamic variables such as cardiac
index, shortening fraction, and ejection fraction, between groups at all time points (M0, M1, and M2) evaluated. The SBP was significantly
reduced after anesthetic induction in the dogs of the DE and CP groups. It can be concluded that the protocols DE and CP reduce similarly to
SPB in dogs medicated with CD and P to SBP remain stable after anesthetic induction. All anesthetic induction protocols maintained a stable
IC in premedicated dogs. None of the protocols evaluated promoted significant echocardiographic changes. Furthermore, the ketamine and
diazepam combination had a negative impact on myocardial relaxation.
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Avaliacdo ecocardiografica de cies submetidos a diferentes protocolos de inducio anestésica

RESUMO: O aumento crescente da expectativa de vida dos cdes, faz com que muitos animais cardiopatas necessitem de um procedimento
anestésico-cirurgico. Os objetivos do estudo foram investigar as alteragdes ecocardiogrdficas de protocolos de indugdo anestésica, em
cdes sedados com acepromazina (0,05mg/kg) e butorfanol (0,3mg/kg) (AB). Foram utilizados 24 cdes, machos, SRD, com peso médio
de 12,40+3,1kg, os quais foram alocados aleatoriamente em quatro grupos (n=6). Apos 15 minutos da medicag¢do pré-anestésica, foi
realizada indug¢do anestésica com diazepam (0,5mg/kg)/etomidato (Img/kg) (DE), ou diazepam (0,5mg/kg)/cetamina (3mg/kg) (CD),
oupropofol (4mg/kg) (P) ou cetamina (1mg/kg)/propofol (3mg/kg) (CP). Aferiu-se a PAS e ecocardiografia imediatamente antes da
aplicagdo do protocolo de sedagdo (basal), 15 minutos apds a sedagdo (M) e imediatamente apos a indugdo anestésica (M2). Nao
foram observadas diferengas significativas na PAS e nas variaveis hemodindmicas como indice cardiaco, fra¢do de encurtamento,
fragdo de ejecdo, entre os grupos, em todos os momentos avaliados. A PAS reduziu significativamente, apos indugdo anestésica, nos cdes
do grupo DE e CP. A FC reduziu, apos indugdo, em relacdo aos valores pos sedagdo, somente no grupo CD, mantendo-se estavel nos
demais grupos estudados. Conclui-se que os protocolos DE e CP reduzem de maneira semelhante a PAS, nos caes medicados com CD
e P a PAS mantém-se estavel, apos indugdo anestésica. Todos os protocolos de indugdo anestésica mantém estaveis o IC em cdes pré-
medicados. Nenhum dos protocolos avaliados promove alteracées ecocardiogrdficas significativas. Aassocia¢do cetamina/diazepam tem
um impacto negativo no relaxamento miocardico.

Palavras-chave: ecocardiografia, cdes, sedagdo, indugdo.

INTRODUCTION In veterinary literature, cardiovascular and
respiratory changes are the major causes of anesthetic

Invasive hemodynamic monitoring is deaths in small animals; although,gastrointestinal,

associated with several difficulties, such as risk to the
patientand high cost. In this context, an echocardiogram
has been shown to be increasingly useful for the
non-invasive assessment of hemodynamic variables
(COBUCCI, 2009). This type of examination enables
a structural and functional evaluation, taking into
account important information about the patient’s state
of well-being (MANNION, 2006).
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neurological, renal and hepatic changes have also
been reported (REDONDO et al., 2007). According
to BILLE (2014), in order to promote reduction
in mortality rates due to anesthesia, it is essential
to understand the potential depressant effects of
anesthetic drugs in the cardiovascular system, so
that anesthetic procedures are conducted in the best
possible way.
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The aim of this study was to investigate
the hemodynamic effects of ketamine and propofol;
ketamine and diazepam; propofol and diazepam; and
etomidate and diazepam in dogs premedicated with
acepromazine and butorphanol.

The systolic blood pressure (SBP) was
assessed using a portable vascular Doppler (Doppler
841-A, Parks Medical Electronics, Inc., Aloha, Oregon,
USA). The cuff used to measure SBP accounted for
approximately 40% of the circumference of the right
thoracic limb, which is standardized for measurements.
Five measurements were performed using the mean of
these values to obtain a result, as recommended by
BROWN et al. (2007).

Echocardiographic ~ examinations  were
performed using an echocardiography device (HD15
Ultrasound System Philips® Healthcare). With the
animal in the right lateral position, the transducer
was placed in the right parasternal echocardiographic
window, located between the 3 and 6™ intercostal
spaces (EIC) and between the sternum and the
costochondral joint of the transverse axis, and the
echocardiographic measurements were performed.
From the long axis, it was possible to obtain the
views of the four-chambers and the left ventricle
outflow tract. On the short axis, the apical, papillary,
chordal, mitral, and aortic sections were observed.
From these measurements, the shortening fraction (FS)
was obtained. Anatomical relationships between the
cardiac structures, morphofunctional valvular aspects,
and the myocardial contractility were evaluated; the
pressure gradient of the aortic valve was calculated
from the left caudal (apical) window. Cardiac output
(DC) and ejection fraction (EF) were calculated by the
modified Simpson method, as described by SCHILLER
et al. (1989). The exclusion criteria of the animals in
the study took into account the presence of pre-existing
heart diseases and conditions that could prevent the use
of the sedation protocol and anesthetic induction.

The sedation protocol comprised the drugs
acepromazine (0.05mg/kg) and butorphanol (0.3mg/kg),
which were administered intramuscularly, and 15 minutes
after this, the SBP, ECG, and ECO were evaluated (M1).
Then, venous access to the right cephalic vein was
obtained for anesthesia induction with the following
drug combinations: DE group, diazepam 0.5mg/kg and
etomidate 1lmg/kg; CD group, diazepam 0.5mg/kg and
ketamine 3mg/kg; P group: NaCl solution (0.9%) (2mL)
associated with propofol at a dose of 4mg/kg; CP group,
ketamine 1mg/kg and propofol 3mg/kg.

Statistical analysis of the parametric data
were performed using the one-way ANOVA test with
Multiple Repeats, followed by the SNK (Student-

Newman-Keuls) test. For non-parametric data, the
Kruskal-Wallis test was conducted, followed by
the SNK test and the Wilcoxon Signed Rank Test.
Statistically significant data were considered to have
a p-value of (p<0.05).

RESULTS AND DISCUSSION

The mean weight of animals that underwent
anesthesia induction with diazepam and etomidate;
ketamine and diazepam; propofol; and ketamine and
propofol was 10.50kg + 3.12kg, 12.81kg + 2.51kg,
12.12kg + 3.61kg, and 14.18kg + 2.53kg, respectively.
There was no significant difference between the groups.

Regarding echocardiographic parameters
relating to cardiac and aortic dimensions, there was
no significant difference between groups and between
different time points (MO, M1, and M2) for all
parameters (Table 1). No statistical differences were
observed for the parameters indicative of systolic
function at baseline (MO) between the different
groups studied (Table 2).

After SBP reduction (M1), SBP reduction
was observed in the dogs of the DE, CD, and P
groups, in which heart rate values remained normal.
In contrast, the SBP values remained constant
in the group of dogs that received ketamine and
propofol; however, there was a reduction in heart
rate (Table 2). According to PAPICH (2009), when
more than one drug is given at the same time to an
individual, or during a time-frame when a previously
administered drug is still having its effect in the body,
it is possible that drug interactions may occur, which
may be beneficial or harmful. In this context, it is
important to take into account the possible effects
of the pre-anesthetic medication (acepromazine and
butorphanol) used in the present study, in association
with the different anesthetic induction protocols.

According to CEREJO et al. (2013),
acepromazine is routinely used as a pre-anesthetic
agent, because in addition to reassuring the animal,
it also decreases the dose of anesthetic necessary
to anaesthetize animals. Furthermore, it also
reduces myocardial sensitization to catecholamines,
thus reducing the risk of ventricular arrhythmias
(MONTEIRO et al, 2007). However, in spite
of these beneficial effects, acepromazine causes
vasodilatation mediated by an a-adrenergic receptor
blockade, which may contribute to the establishment
of hypotension during and after the induction of
anesthesia (HALL et al., 2001). In contrast, for
butorphanol, the main undesirable effect associated
with its use is bradycardia, which is caused by the
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Table 1 - Mean values and standard deviation of the aorta diameter (AO) (cm), left atrial diameter (AE) (cm), left atrium ratio and AE /
AO aorta; diameter of the right ventricle in diastole (DIVDd) (cm), thickness of the interventricular septum in diastole
(ESIVd) (cm), internal diameter of the left ventricle at diastole (DIVEd) (cm), left ventricular free wall thickness at the end of
diastole (EPLVEd) (cm), internal left ventricular diameter at systole (DIVEs) (cm), measured by echocardiography in healthy
dogs at baseline (MO), after sedation with acepromazine and butorphanol (M1), and during induction (M2) with either
diazepam and etomidate (DE group), ketamine and diazepam (CD group), propofol (P) or ketamine and propofol (CP group).

DE CD P CP

MO M1 M2 MO M1 M2 MO M1 M2 MO M1 M2
1.65+ 1.60+ 1.60+ 1.68+ 1.68+ 0.66+ 1.80+ 171lE 1.70+ 1.78+ 1.77+ 1.73+

L0 0.23 0.16 0.10 0.10 0.10 0.16 0.32 0.29 0.16 0.13 0.10 0.13
LA(cm) 1.93+ 1.86+ 1.73+ 1.88+ 1.86+ 1.82+ 1.76+ 1.88+ 1.86+ 1.93+ 2.05+ 1.73+
0.28 0.32 0.16 0.23 0.22 0.14 0.85 0.29 0.24 0.18 0.16 0.13
LA/AO 1.18+ 1.15+ 1.07+ 1.11+ 1.12+ 1.10+ 1.13+ 111+ 1.09+ 1.07+ 1.16+ 1.10+
0.07 0.08 0.04 0.07 0.07 0.06 0.05 0.09 0.07 0.06 0.11 0.08
RVd(cm) 0.60+ 0.49+ 0.52+ 0.58+ 0.67+ 0.66+ 0.58+ 0.61+ 0.53+ 0.61+ 0.62+ 0.61+
0.11 0.17 0.15 0.13 0.09 0.15 0.12 0.20 0.16 0.16 0.11 0.09
VSd(cm) 0.69+ 0.63+ 0.67+ 0.75+ 0.80+ 0.75+ 0.74+ 0.71+ 0.65+ 0.75+ 0.75+ 0.77+
0.16 0.13 0.24 0.15 0.11 0.16 0.12 0.14 0.22 0.13 0.10 0.20
LVd(cm) 2.81+ 2.69+ 2.72+ 3.34+ 3.06+ 2.79+ 3.08+ 3.03+ 2.70+ 351+ 3.12+ 2.99+
0.33 0.39 0.31 0,.45 0.18 0.45 0.65 0.59 0.50 0.50 0.35 0.46
LVWd(cm) 0.81+ 0.93+ 0.82+ 0.79+ 0.83+ 0.81+ 0.86+ 0.91+ 0.86+ 0.89+ 0.89+ 0.88+
0.18 0.33 0.15 0.14 0.08 0.07 0.12 0.10 0.12 0.20 0.20 0.10
LVs(cm) 1.73+ 1.63+ 1.67+ 1.90+ 1.73+ 1.75+ 1.94+ 1.93+ 1.84+ 2.11¢ 1.95+ 1.86+
0.26 0.29 0.29 0.32 0.15 0.34 0.50 0.34 0.25 0.15 0.36 0.31

d= diastole, s= systole, AO= aorta, LA= left atrium, RV= right ventricle, VS= ventricular septum, LV= left ventricle, LVW= left
ventricular wall.

vagal stimulus promoted by this class of drugs (SEO (2014) were unable to observe a reduction of HR,
et al., 2014). It also contributes to the decrease in SBP and diastolic blood pressure in dogs submitted
CD, as the variables FC and DC behave in a directly to anesthetic induction with propofol; however,
proportional way. the dogs in this study were not premedicated. One
For PAS, no significant difference was factor that may explain the divergence of findings in
observed between groups at the different time points relation to SBP in the present study, is that SBP was
(MO0, M1, and M2) (Table 2). In the dogs of the measured immediately after anesthetic induction,
DE and CP groups, post-induction SBP reduction and it was not monitored in a sequence that could
was observed in the post-sedation values (M1) have possibly led to different results than those
(Table 2). These findings differ from those reported observed. This is because in studies conducted on
by SAMS et al. (2008), who observed a reduction dogs, blood pressure measurement was generally
of SBP in dogs anesthetized with propofol, but performed after intubation of the patient, which was
in those who received etomidate, PAS remained then evaluated at several subsequent moments. The
stable. BENDEL et al. (2007) reported that in data were then used for analysis and comparisons
human patients, the occurrence of hypotension was were made between the mean of these findings.
greater after administration of propofol than when In all groups evaluated, no significant
etomidate was administered, which is different changes were observed in FS values (Table 2),
from what was observed in the present study. The which is different from the results of WODEY et al.
requirements of phenylephrine in trans-anesthetics (1999), who detected a reduction in FS values after
also have to be considered. In contrast, KENNEDY anesthetic induction with propofol in children. In
and SMITH (2014) did not observe a significant contrast, BILLOTA (2001) observed that FS values
difference in MAP values, measured 5 minutes post were maintained after the induction and maintenance
induction, in dogs anesthetized with propofol or of propofol anesthesia in humans, which is in
propofol and ketamine. Furthermore, CANIES et al. agreement with the findings of the present study. In
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Table 2 - Mean values and standard deviation of the shortening fraction (FS) (%), ejection fraction (EF) (%), final diastolic volume
(VDF) (mL), final systolic volume (L/min /m?), heart rate (HR), systolic blood pressure (SBP), maximum systolic peak
velocity aortic flow (VmxAo) (cm/s), maximum systolic peak velocity pulmonary artery flow (Vmx PA) (cm/s), measured by
echocardiography in healthy dogs at baseline (MO0), during sedation with acepromazine and butorphanol (M1), and during
induction (M2) with either diazepam and etomidate (DE group), ketamine and diazepam (CD group), propofol (P) or ketamine
and propofol (CP group).

DE cD P cp
MO Ml M2 MO MI M2 MO MI M2 MO MI M2
388+  37.6x 386+ 455+ 430+  374: 374 363+ 315t 391+
= 50 37 5.0 3.9 52 5.0 5.5 335 438 TEIE e
. 748: 737t 68.0: 658+ 7255 597+ 630+  674:  61.0+ 631+
EF 445 85 167 5.3 6.6 1.8 10.8 6.3 8.0 151 1370 728445
. 185t 17.0+ 168+ 2455 236+ 230+  217% 212+ 247+
epv’ 5oE 17D o% :msas e " Sos 2L e Y15 250146 233462
. 45t 48 48+ 81+ 69+ 95k 9.0+
By WE A L 5 > o 2 TUS52A B645AB 90434 73423 64423
. 140t 121% 119 1765 175 140t 138+  14.7%7. 1565 184+
N 57 45 52 a3 63 25 55 a0 e g 25 LodEsd
cor L3ZE 093 078 154:0 1265 LITE 1355 0980, 1026 L6l 132 136
036  021A 027A 31 036 022 0.45 S4A 046A 036 043A  044A
27+ 18+ 16+ 28+ 22+ 21+ 24+ 18+ 23+
e 026 026A 058A 033  0.73 0.55 pap R gy AHEEISE ZIELSE. a0
105 73+ 102+ 87+
HR ' opaaa PR 10 gnon STS 07 70883A 8821 110220 BI4ITA 95427
179+ 148¢ 120+ 196+ 16442 155+ 140+ 123+
sap 172 Y o Lo 18734 S qigiion a73ele 1s2e ) E
Vma 1405+ 142.5¢ 1257+ 1663+ 1672+ 1351+ 1452+ 1332+ 1046+ 1543+ 1562+ 13224+
xAo 177 22 198AB 247 248  309AB 160 79 215AB 307 304 20.6AB
Vma o404 1228+ 1026+ 1355+ 1398+ 1127+ 1107+ 1133+ 974+ 1170+ 1105+ 1052+
X, 189 182 136 167 194 8.6 16.8 97.4 19.0 13.5 242 12

FS= fractional shortening, EF= ejection fraction, EDV= end diastolic volume, ESV= end systolic volume, SV= systolic volume, CO=
cardiac output, CI= cardiac index, HR= heart rate, SAP= systolic arterial pressure, VmxAo= maximum velocity of aorta, VmaxPA=
maximum velocity of pulmonary.

Upper case letters indicate significant difference when compared to basal (M0), One Way RM ANOVA, followed by Student-Newman-

Keuls (SNK), where A, is different from MO; and B, is different from M1 (p <0.05).

"Calculated by the modified Simpson method.

addition, LOPES et al. (2009) were unable to detect a
significant reduction in FS values in dogs who were not
premedicated, but were anesthetized with propofol. In
the present study, in all groups tested, it was confirmed
that etomidate (0.4-3.2mg/kg) and propofol reduced LV
FS in the hearts of the dogs submitted to extracorporeal
circulation. However, no difference was observed
between etomidate and propofol nor was there a
difference between ketamine and propofol. However, it
was determined that when etomidate was compared to
equipotent doses of ketamine, it reduced LV FS twice as
much and decreased myocardial contractility.

None of the protocols evaluated reduced
cardiac index (HF) values after the induction of
anesthesia, since after the induction of the anesthetic

there was no reduction in HF, when compared to the
post-sedation values (Table 2). These findings suggest
that the sedation protocol may have caused a significant
depressor effect, culminating in a similar pattern of CD
reduction in all groups. The fact that only the dogs of
the ketamine and diazepam group maintained a stable
CI supports this hypothesis, because occasionally,
in this group, the same sedation protocol was used as
for the other groups, and it did not cause a significant
reduction in HF values after sedation. Consequently,
this difference did not appear after anesthetic induction.
RODRIGUEZ et al. (2012) cite that etomidate promotes
insignificant changes in CD and HF, as observed in the
present study. Furthermore, BRUSSEL et al. (1989) did
not observe a significant reduction in DC values in dogs
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anesthetized with etomidate and DC was similar to that
in dogs who were anesthetized with propofol. These
results are similar to those observed in the present study.
FAYYAZ (2009) did not observe a significant difference
in HF values in dogs anesthetized with ketamine and
diazepam and with propofol and diazepam, which is
similar to the results observed in this study.

There was no significant difference between
moments nor between groups for the assessment of
anesthetic depth (Table 3). The peak velocity of the E
and A waves of the mitral valve (E /A) parameters did
not present with significant changes between moments
and between groups studied (Table 3).

In the evaluation of diastolic function, a
significant increase in the isovolumetric relaxation
time after anesthetic induction, was observed in dogs
receiving ketamine and diazepam (Table 3), which
according to LESTER et al. (2008) may indicate
abnormal myocardial relaxation. According to LIN
(2013), the increased coronary blood flow induced by
ketamine may be insufficient to meet the demand for
oxygen by the myocardium, and may consequently alter
the relaxation of the cardiac muscle. This could explain
the alterations in IVRT reported in the present study, as

these were only observed in the animals that received
ketamine in larger doses. However, in spite of evidence
for diastolic dysfunction, dogs administered ketamine
and diazepam did not present a reduction in final
diastolic volume, as assessed by the modified Simpson
method. This suggests that in healthy animals, under
the conditions of the present study, the combination
of ketamine and diazepam cannot affect the diastolic
filling of the heart, which provides maintenance of
cardiac index values. This is despite the fact that this
combination of drugs can affect myocardial relaxation.

CONCLUSION

According to the conditions under which
this study was performed, it can be concluded that
all evaluated protocols of anesthetic induction
reduced blood pressure similarly. No significant
cardiovascular and hemodynamic changes were
observed in dogs that were premedicated with
acepromazine and butorphanol and underwent
different anesthesia induction protocols. However,
the ketamine and diazepam combination promoted a
significant reduction in myocardial relaxation.

Table 3 - Mean values and standard deviation of the relation between the peak velocity of the E and A waves of the mitral valve (E / A),
isovolumetric relaxation time (IVR), the relationship between the lateral velocity peak E 'and A (E '/ A'lat), the relationship
between the peak velocity of the medial E' and medial A' waves (E '/ A'med), measured by echocardiography at baseline (M0)
and during sedation (M1). This was measured in the superficial plane (0), ideal plane (1), and deep plane (3), in healthy dogs
sedated with acepromazine and butorphanol, and anesthetic depth scores performed immediately after induction (MO) and after
the echocardiogram (M1), and during induction (M2) with either diazepam and etomidate (DE group), ketamine and diazepam
(CD group), propofol (P) or ketamine and propofol (CP group).

DE CD P CP
MO M1 M2 Mo Ml MO Ml M2 Mo Ml M2
Wavep  S431% 8L63E  8432& 9005+ 107.32& 90.05= 7630+ 79.80+ 7630+ 8882 9397+ 8882k
v 1839 21.73 18.4 11.66 1643  11.66 2233 1433 2233 2057 17.14 2057
Wave o 5308F 5040+  56.92% 6585 6585k 63205 5633 69.17+ 5320+ 64.28+ 61.52+ 6430+
1144 827 1411 18.06 10.84  10.86 6.05 2485 1346 951 17.16 1535
- 161+  1.63+ 149+ 144+ 166+ 143+ 135+ 123+ 144+ 140+ 157+ 142+
0.29 045 0.08 0.31 0.28 0.34 0.33 0.22 0.39 0.2 0.27
IVRT(m) 5544 5647 63+l 5748 575 69+£5B 5447 604 6712 541 59:1 657
Seore 0 5/6 5/6 5/6 4/6 6/6 5/6 6/6
core (83.3%) - (83.3%) (83.3%)" i (66.7%)  (100%) (83.3%)  (100%) il
Seoe1] 36 1/6 1/6 2/6 1/6
COre L (50%)  (16.7%) - (16.7%) - . (33.3%) - (16.7%) i -
3/6
Score 2 (50%) - - - - - - - - - -

Wave E= mitral valve E peak, Wave A= mitral valve A peak, [IVRT= isovolumic relaxation time, Score = refers to the anesthetic plane
Upper case letters indicate significant difference when compared to basal (M0), Multiple Way Variance Analysis (One Way RM
Anova), followed by Student-Newman-Keuls (SNK), where A, is different from MO; and B, is different from M1 (p<0.05)."1 animal was

excited and awake at the end of the echocardiogram.
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