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Combination and Propofol as Induction Agents for Enflurane
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Introduction

Intravenous administration of anesthetic drugs is
one of the principle methods for induction of short-
term anesthesia prior to general anesthesia with inhal-
ant anesthetics'®.

Propofol is an intravenous anesthetic agent chem-
ically unrelated to barbiturates or other anesthetic agents.
Propofol, 2,6-diisopropylphenol, is a member of the
alkyl phenol farnily. It is available as a white, ready-
to-use, oil-in-water emulsion containing 10% soya bean
oil, 2.25% glycerol, 1.2% purified egg phosphatide,
and 1% propofol sealed in ampules. It has a neutral
pH, is isotonic, and because of its formulation it is
effective only when administered by intravenous

'Corresponding author.

injection. It does not contain a preservative. Propofol
has been used in premedicated and nonpremedicated
dogs and cats**.

The pharmacokinetics of propofol in dogs fits a two-
compartment open model. Rapid onset of action is
caused by rapid uptake into the central nervous sys-
tem(CNS). The short duration of action and rapid
smooth emergence results from rapid redistribution
from the brain to other tissues and efficient elimina-
tion from plasma by metabolism®.

Propolol anesthesia in dogs is characterized by
rapid onset; short duration; rapid metabolism; lack of
cumulation on repeated administration; some respira-
tory depression; and rapid, smooth recovery from
anesthesia'®.

Ketamine, a dissociative anesthetic, is a rapid acting
general anesthetic that also has significant analgesic
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aclivity and a lack of cardiopulmonary depressant effects.
I1 is thought to induce both anesthesia and amnesia by
functionally disrupting the CNS through over stimu-
lating the CNS or inducing a cataleptic state’.

Used alone, it tends to cause hypertonus, poor mus-
cle relaxation, persistent pain reflex responses’; in
addition, recovery from anesthesia can be violent.

Various drugs have, therefore, been used in com-
bination with ketamine to contract these undesirable
effects: phenothiazines such as acepromazine’.

Acepromazine, phenothiazine neuroleptic agent, blocks
post-synaptic dopamine receptors in the CNS and
may also inhibit the release of and increase the turn-
over rate of dopamine. They are thought to depress
portions of the reticular activating system which
assists in the control of body temperature, basal met-
abolic rate, emesis, vasomotor tone, hormonal bal-
ance, and alertness.

Acepromazine cause an increase in central venous
pressure, a vagally induced bradycardic effect’.

Enflurane, 2-chloro-1,1,2-trifluoroethyl difluoromethyl
ether, increases CNS irritability similarly to ketamine
and nitrous oxide. Tt induces anesthesia and amnesia
by a functional disruption of the CNS through marked
CNS stimulation or induction of a cataleptoid state.
Occurrence of seizures daring enflurane anesthesia in
dogs may be minimized by avoiding hypocapnia and
entlurane concentrations exceeding 1.5 minimum alve-
olar concentration(MAC)*.

Since little clinical information exists on the use of
propofol and acepromazine/ketamine combination with-
out premedication for anesthetic induction followed
by maintenance with inhalants, this study was designed
to compare the propertics of acepromazine/ketamine
combination and propofol as an anesthetic induction
for enflurane maintenance in the dog.

Materials and Methods

Dogs

Six healthy sexually-intact mixed-breed dogs, weigh-
ing 16.2+£2.6 kg (mean & SD) apnd 1 to 2.5 years old, were
examined. The animals were kept in kennels appro-
priate size, fed a commercial diet. They had contin-
uous access to water and received routine health care.
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Food, but not water, was withheld for at least 12
hours prior to induction of anesthesia. Metabolic and
hematological profiles were determined 24 hours prior
to anesthesia. Dogs were assigned to be administered
with either acepromazine-ketamine combination or pro-
pofol on separate groups, with a minimum of 7 days
between drug trials.

Drug trial

Propofol or acepromazine/ketamine combination was
administered to each dog in a crossover design. Propofol
(Pofol®, Dongkook), at the dose of 8 mg/kg (group-P),
or acepromazine maleate (Sedaject®, Samwoo)/Ketamine
HCL (Yuhan ketamine 50%, Yuhan), at the dose of 0.03/
5 mg/kg (group-AK), was continuously administered intra-
venously over 60 seconds. lImumediately after each anes-
thetic induction, the dogs were positioned in left lat-
eral recimbency on the table and the intubations were
done. The endotracheal tube was connected to a small-ani-
mal, sericlosed-circle system (Anesthesia machine, Royal
medical, Seoul, Korea) with an oxygen (O,) flow of 3L
per minute. Vaporizer settings were 2.0% enflurane (Gero-
lan®, Joungwoi). Spontaneous ventilation was main-
tained in all dogs. Anesthesia was maintained with
enflurane for 60 minutes.

Observations

Heart rate (HR), systolic blood pressure (SAP), dias-
tolic blood pressure (DAP), mean arterial biood pressure
(MAP), respiraiory rate (RR), blood gas tensions (pHa,
Pa0, and PaCO0,), toe web pinch, palpebral response,
and jaw tone were measured before drug administra-
tion (time 0), and every 5 minutes for the first 15 min-
utes, then at 30, 45, and 60 minutes after drug admini-
stration of the bolus dose of propofol or acepromazine/
ketamine combination. Heart rate and heart thythm were
recorded by the ECG (Patient monitor, Sein, Korea),
using lead II at a paper speed of 25 mm/s. Sinus tachy-
cardia was defined as HR exceeding 160 beats/min.
Respiratory rate was measured as number of sponta-
neous breaths per minute. Blood pressures (i.e., systolic,
diastolic and mean) were determined using a non-inva-
sive system (Blood pressure monitor model 6000, Sen-
sor devices INC, U.S.A) with a cuff placed on the front
leg over the melacarpal artery. Blood gas analysis
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were determined at time O and 3, 15, 30, and 60 min-
utes from the femoral artery. Arterial blood was col-
lected in heparinized syringes and stored on ice for
measurement of blood gas analysis and acid-base bal-
ance. The pH (pHa), PaO,, and PaCO, were measured
by the blood gas analyzer (Blood Gas Analyzer OPTI
1. AVL Scientific Corporation, U.S.A).

Rectal temperature was monitored throughout the
trial with no attempt to maintain preanaesthetic values
(Patient monitor, Sain Inc, Korea).

Toe web pinch reflex was assessed by pinching the
interdigital skin of a hind foot and evalnating limb flex-
ion; to ensure consistency, this was done by the same
person [or all dogs. Palpebra) reflex was assessed by tou-
ching the medial corner of the upper eyelid and evalua-
ting eyelid closure. Jaw tone was assessed by opening
the mouth and evaluating the dog's ability to close its
mouth. A scale of 0 to 3 was used 1o quantify the
response, with 3 being normal awake response, 2 being
moderate response, | being slight response, and 0
being no response.

The anesthetic vaporizer was lumed off after 60
minutes of anesthesia. The rebreathing bag was com-
pressed and emptied into the scavenger system, and
refilled with O, to reduce the reservoir of anesthetic
vapor. The endotracheal tube was left in place until
adequate reflexes to protect the airway were observed.
Endotracheal extubation time, sternal recumbency time,
standing time and walking time were recorded for all
trials. Subjective evaluation of the recovery period
was made for each dog.

Statistical analysis.

Statistical analysis was performed with a 5.0 Excel
program (5.0 Excel; Microsoft Corporation, Redmond,
WA). A paired Student's t-test was used to compare
the recorded measurements with premedication values.
The differences were considered to be significant (P<
0.05) and very significant (P<0.01).

Results

Effects on body temperature
Group-AK had increased rectal temperature at 5-,
10- and 15-minute after administration and decreased

at 30-, 43- and 60-minute after administration, com-
pared with that of before administration.

Group-P had significantly decreased rectal temper-
ature at 53-, 10-, 15-, 30-, 45- and 60-minute after
administration, compared with that of before admin-
istration.

There were no significant differences in rectal tern-
peratures between Group-AK and Group-P.

Effects on heart rate

Heart rate tended to increase immediately after admini-
stration of acepromazine/ketamine combination and pro-
pofol and decrease later.

Group-AK had significantly increased heart rate at
5 minute after administration, compared with group-
P and significantly decreased at 30-, 45- and 60-
minute after administration, compared with that of
before administration.
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Fig 1. Changes of body temperature after administration
of acepromazine/ketamine(@Group-AK) and propofol(ll
Group-P). *Significant (P<0.05) difference from baseline.
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Fig 2. Changes of heart rate after administration of acepro-
mazine/ketamine(@Group-AK) and propolol( MGroup-P).
*Significant (P<0.05) difference from bascline; #Signilicant
(P<0.05) difference between acepromazine/ketamine com-
bination and propofol treatments.
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Group-P had increased heart rate at 5- and 10-
minute after administration, but not significantly and
decreased at 15- and 30-minute after adminisiration
and significantly decreased at 45- and 60-minute afler
administration, compared with that of before admin-
istration.

Effects on respiratory rate

Group-AK had decreased respiratory rate at 5-, 10-,
15- and 30-minute after administration, but not signi-
ficantly and significantly decreased at 45- and 60-
minute after administration, compared with that of
before administration.

Group-P had decreased respiratory rate at 5- and
60-minute after administration, but not significantly
and significantly decreased at 10-, 15-, 30- and 45-
minute after administration.

There were no significant differences in respiratory
rate between both groups.
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Fig 3. Changes of respiratory rate after administration of
acepromazine/ketamine(@Group-AK) and propofol(ll Group-
P). #Significant (P<0.05) difference from baseline.
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Fig 4. Changes of systolic blood pressure after administra-
tion of acepromazine/ketamine{ @Group-AK) and propofol
(W Group-P). *Significant (P<0.05) difference from baseline;
#Significant (P<0.05) difference between acepromazine/
ketamine combination and propofol treatments.
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Effects of systolic arterial blood pressure.

Group-P had significantly decreased systolic blood
pressure, compared with that of group-AK, at 10-
minute after administration.

Group-AK had decreased systolic blood pressure at
5- and 10-minute after administration, but not significantly
and significantly decreased at 15-, 30-, 45- and 60-
minute after administration, compared with that of
before administration.

Group-P had decreased systolic blood pressure at
5-minut after administration, bul not significantly and
significantly decreased at 10-, 15-, 30-, 45- and 60-
minute after administration, compared with that of
before administration.

Effects on mean arterial blood pressure

There were no significant differences in mean blood
pressure between both groups.

Group-AK had significantly decreased mean blood
pressure at 5-, 10-, 15-, 30-, 45- and 60-minute atter
administration, compared with that of before admin-
istration.

Group-P had decreased mean blood pressure at 5-
and 10-minute after administration, but not signifi-
cantly and significantly decreased at 15-, 30-, 45- and
60-minute after administration.

Toe-wep pinch reflex

Group-P had slightly greater toe-wep pinch replex
than group-AK at 30-, 45- and 60-minute after admini-
stration.

Group-AK and group-P had significantly decreased
toe-wep pinch at 5-, 10-, 15-, 30-, 45- and 60-minute
after administration, compared with that of before
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Fig 5. Changes of mean blood pressure after administra-

tion of acepromazine/ketamine(@Group-AK) and propofol

(M Group-P). *Significant (P<0.03) difference from baseline.
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Fig 6. Changes ol toe-wep pinch reflex after admimistra-
tion of acepromazine/ketamine( @Group-AK) and propofol
(M Group-P). *Significant (P<0.05) difference from baseline.

administration.

Palpebral reflex.

Group-AK had significantly greater palpebral reflex
than group-P at 5-, 10- and 15-minute after adminis-
tration.

Group-AK and group-P had significantly decreased
palpebral reflex at 5-, 10-, 15-, 30-, 45- and 60-
minute after administration, compared with that of
before administration.

Jaw tone reflex

There were no significant differences in jaw lone
reflex between both groups.

Group-AK and group-P had significantly decreased
jaw tope at 5-, 10-, 15-, 30-, 45- and 60-minute after admi-
nistration, compared with that of before administration.

Effects on PaCO,
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Fig 7. Changes of palpebral reflex after administration of
acepromazine/ketamine(@Group-AK) and propofol (ll Group-
P). *Significant (P<0.05) difference from baseline; #Signifi-
cant (P<0.05) difference between acepromazine/ketamine
combination and propofol treatments.
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Fig 8. Changes of jaw tone reflex after administration of
acepromazine/ketamine(@Group-AK) and propofol(ll Group-
P). #Significant (P<0.03) difference from baseline.

There were no significant differences in PaCO,
between both groups.

Group-AK and group-P had significantly increased
PaCO. at 5-, 10-, 30- and 60-minute after adminis-
tration. compared with that of before administration.

Effects on PaO,

There were no significant differences in PaQ, between
both groups.

Group-AK and group-P had significantly increased
Pa0, at 5-, 10-, 30- and 60-minute after administra-
tion, compared with that of before administration.

Effects on pHa

There were no significant differences in PaCO,
between both groups.

Group-AK and group-P had gradually decreased
PaCO, at 5-, 10, 30- and 60-minute after adminis-
tration, compared with that of before administration.

Recovery time
The first signs of arousal from anesthesia were tail
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Fig 9. Changes of PaCO, after administration of acepro-
mazine/ketamine (@Group-AK) and propofol (Ml Group-
P). #Significant (P<0.05) difference from baseline.
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Fig 10. Changes of PaO, after administration of aceproma-
zine/ketamine(@Group-AK) and propofol (M Group-P). *Sig-
nificant (P<0.05) difference from bascline.
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Fig 11. Changes of pHa after administration of acepro-
mazine/ketamine(@Group-AK) and propofol(ll Group-P).
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Fig 12. Recovery times for dogs given acepromazine/keta-
mine(ll Group-AK) and propolol(C]Group-P). ET = extuba-
tion; SRT=sternal recumbency time; ST = standing time;
WT = walking time. #Significant (P<0.05) difference between
acepromazine/ketamine combination and propofol treatments.

movement and head lift. Stemal recumbency and
recovery were not associated with any excitement or
other complications. All dogs appeared friendly, curi-
ous, and interested in their surroundings immediately
after standing.

There were no significant differences in time to extu-
bate between group-AK and group-P.

Group-P dogs had a significantly shorter time to ster-
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nally, stand and to walk unaided, compared with group-
AK. Group-AK had more struggling during recovery
from anesthesia than group-P.

Discussion

The present study was designed (o determine the phys-
iological changes during anesthesia that was induced
with either acepromazine/ketamine combination or
propofol and maintained with enflurane.

Propofol is a useful agent, either as an intravenous
agent for the induction of anesthesia maintained by
inhalation agents or for injectable anesthesia with or with-
out premedicants’. The major advantage associated
with propofol is that it has a rapid and coordinated
recovery from anesthesia. The pharmacokinetics of pro-
pofol confimm a rapid distribution phase, rapid elimina-
tion, and lack of accumulation with repeated adminis-
tration. As a result, the vaporizer should be adminis-
tered to prevent arousal from propofol before ade-
quate anesthesia is achieved.

Acepromazine/ketamine combination and propofol
have been administered intravenously for induction
anesthesia in dogs. Dose rates sufficient to allow tracheal
intubation in nonsedated healthy dogs have been asso-
ciated with propofol at a dosage between 2.9 and 8.6 mg/
kg™*. The suitable dosage of propofol necessary to
inhibit laryngeal reflexes of nonsedated dogs has been
reported as 8 mg/kg. The induction dose of acepromazine/
ketamine (acepromazine 0.03 mg/kg and ketamine 5 mg/
kg, IV) combination in dogs was determined in a pre-
liminary study.

All anesthetics have potential adverse elfects at rel-
atively high doses or concentrations. Apnea is the most
common adverse effect related to the administration of
propofol. The incidence of apnea can be affected by
the dose of propofol or speed of administration. Fast
administration of propofol can cause apnea or vomiting®.
However, too slow administration may not provide ade-
quate induction of anesthesia due to rapid redistriby-
tion and metabolism. Propofol should be injected intrav-
enously for 60 seconds with appropriated dose and speed
of injection based on premedication. The injection can
be administered as propofol alone or with concurrent
electrolyte solution administration.
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Propofol lacks vagolytic activity and may actually
increase vagal activity. A ceniral vagotonic or sympa-
tholytic effect, or both, may be exerted. The mecha-
nisms for parasympathetic control of heart rate may
be stronger than the baroreflex-mediated enhancement
of central sympathetic activity. Propofol has been reported
o decrease nodal sinus activity, cansing decreased
blood pressure and heart rate in dogs.

Sinus tachycardia is not considered a life-threatening
cardiac arrhythmia; however, it may increase ventric-
ular work and predispose anesthetized animals to
more severe arrhythmias.

Development of cardiac arrhythmias after propofol
administration is rare. One dog was reported to have
cardiac arrhythmia after being administered propofol,
but the arrhythmia was not characterized. One dog
also underwent cardiac arrest after propofol adminis-
tration, bul was successfully resuscitated?.

Rectal temperature was decreased after propofol
administration and throughout the anesthesia period.
Decreases in body temperature associated with pro-
pofol anesthesia have been attributed to decreases in
skeletal muscle tone and the shivering threshold, vaso-
dilatation, and impairment of thermoregulatory control.
We did not study the mechanisms responsible for the
decreases in body temperature, but they might be attri-
buted to the aforementioned decreases in the shivering
threshold and impainment of thermoregulatory control.

Cardiorespiratory variables were similar to both groups.
Respiratory depression can be associated with either agent.
Prevalence of cardiac arrhythmias was also similar
between both groups.

Controlled ventilation reduces the blood flow of
venous return and lowers cardiac output. In contrast,
high PaCO, induced by spontaneous ventilation stim-
ulates sympathetic nerves and compensates for cardio-
vascular system depression®. In this study, we aimed
to evaluate the physiological effects of acepromazine/
ketamine combination, compared with those of propofol
under conditions similar to those of clinical cases; thus,
spontaneous ventilation was chosen.

The increase in HR was thought to be mainly caused
by the baroreflex induced by the decrease in arterial
blood pressure. The decrease in MAP was mainly caused
by the systemic vasodilatation represented by the grad-

ual decrease in systemic vascular resistance(SVR), because
cardiac index(CI) remained constant at all anesthesia
stages. A similar tendency was observed in this study;
however, the exact action was unclear because hyper-
capnia induced by spontancous ventilation might have
reduced SVR as a result of its direct depressant action
on smooth muscle of the peripheral blood vessels’.

After an initial increase in heart rate, progressive
drop below the baseline values was observed in both
groups. Despite the greater decrease in arterial blood
pressure and increase in PaCO,, enflurane was not
associated with a change in HR and greatly decreased
stroke volume, indicating greater baroreflex and myo-
cardial depressant effects of enflurane.

In a study in which dogs were administered with 6.6
mg/kg of propofol, DAP was significantly decreased
(26 and 24%, respectively) 2 and 5 minutes later, respec-
tively. In dogs with experimentally induced hypovolemia,
propofol caused significant decreases in mean arterial
pressure. In the present experiment, DAP was signifi-
cantly decreased 15-, 30-, 45- and 60-minute after admini-
stration of propofol and 5-, 10-, 15-, 30-, 45- and 60-
minute after administration of acepromazine/k&tamine
combination. There were no differences between group-
P and group-AK.

All dogs of this study were easily intubated after
cither agent was administered. We evaluated 3 reflex
variables: palpebral response, toe web pinch response
and jaw tone. All reflexes were depressed immedi-
ately after either drug was administered, but none of
the reflexes were completely abolished in response to
either drug.

One of the major advantages of propofol versus acepro-
mazine/ketamine is the rapid recovery from anesthe-
sia. Fast recoveries have been observed in dogs*™.
Rapid redistribution(tl/2ot="7.7 mimutes) and elimina-
tion(t1/2f = 122 minutes) suggest that recovery will be
fast in this species]’. Sternal recumbency time, standing
time and walking time in group-P were more rapid
than those of group-AK.

However, propofol is five times as expensive as acepro-
mazinc/ketamine. Propofol ampule should be used within
6 hours after opening because it does not contain pre-
servatives. In this study. both acepromazine/ketamine
and propofol revealed good effects as a induction agent

gl A g8 4] A 1738, A2E, 2000
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for enflurane anesthesia. Therefore, it was considered
that acepromazine/ketamine could be used extensively
as an induction agent for enflurane anesthesia, compared
with propofol.

Conclusion

There were no significant differences in rectal tem-
perature, respiratory rate, mean arterial blood pressure,
PaCO,, Pa0,, pHa, toe-wep pinch reflex and jaw tone
reflex between acepromazine/ketamine group and
propofol group.

Group-P dogs had a significantly shorter time to recover
from anesthesia, compared with gronp-AK. Group-AK
had significantly increased heart rate at 5 minute after
administration, compared with group-P. Sinus tachy-
cardia was observed at 5- and 10-minute after adminis-
tration in 2 dogs of group-AK respectively, at 5-minute
in 2 dogs and at 10-minute in 1 dog of group-P.

Both acepromazine/ketamine and propofol revealed
good effects as induction agents for enflurane anes-
thesia.

In conclusion, acepromazine/ketamine was found (o
be a suitable and useful induction agent for enflurane
anesthesia in dogs.
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