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Abstract : The aims of this study were to investigate the anesthetic effects of medetomidine-midazolam-ketamine
(MMK) combination and to compare antagonistic effects of atipamezole and yohimbine in dogs anesthetized with MMK.
Eighteen adult male healthy beagles were used in this study. All dogs were anesthetized with intramuscular (IM)
administration of medetomidine (0.04 mg/kg), midazolam (0.2 mg/kg) and ketamine (5 mg/kg) in one syringe. Intravenous
(IV) administration of atipamezole (0.24 mg/kg, MMKA), yohimbine (0.2 mg/kg, MMKY) or saline solution (0.1 ml/
ke, MMK) was administered 20 minutes after MMK combination anesthesia. Induction and recovery times, scores
of sedation and analgesia, heart rate, blood pressure, rectal temperature, respiratory rate and blood gases were determined
and recorded for each dog. Mean anesthesia times, sternal recumbency times, standing times and walking times in
the MMKA and MMKY groups were significantly shorter than those in the MMK group. But there were not
significantly different between MMKA and MMKY groups. In all groups, MMK administration produced a satisfactory
sedation and analgesia for all dogs. However, after administration of atipamezole or yohimbine the scores for posture
and response to noxious stimuli were significantly lower in the MMKA or MMKY group than those in the MMK
group. MMK produced good sedation and anesthesia effects, and atipamezole or yohimbine can be used as a safe

and effective agent for antagonizing the MMK anesthesia in dogs.
Key words : atipamezole, medetomidine, midazolam, ketamine, yohimbine.

Introduction

In recent years various drug combinations, such as ketamine-
medetomidine, ketamine-xylazine and medetomidine-mida-
zolam have been used to anesthetize dog (8). The dissociative
anesthetic ketamine, in combination with an o,,-adrenergic ago-
nist, medetomidine, has been more effective for sedation in
dogs than medetomidine alone in dogs. This anesthetic combi-
nation produces a deep sedation, which is sufficient enough for
minor operation (13).

A medetomidine-midazolam combination may be used as a
premedication before ketamine anesthesia in dogs. The com-
bination of midazolam or medetomidine with ketamine has
been successfully used in dogs (6). However, to the best of
our knowledge there are no reports on medetomidine-mida-
zolam-ketamine (MMK) combination for anesthesia in dogs.

Antagonism may be required when the anesthetized ani-
mals showed profound depression of vital signs, adverse
effects of the given agents, and delayed recovery from anesthe-
sia. Anesthesia with combinations of agents-each of which can
be antagonized by specific antagonists has potential advantage.
In combination anesthesia each component may potentiate each
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other’s actions, lower individual dose requirements, and there-
fore produce surgical anesthesia more safely (15). It is there-
fore very important to determine a suitable antagonist for the
fast recovery of anesthetized veterinary clinic fields. Alpha adr-
energic antagonists such as atipamezole and yohimbine have
been used effectively for antagonizing the anesthetic effects of
alpha-adrenoceptor agonist-based combination (14). The actions
of medetomidine can be reversed by o,- adrenoceptor antago-
nists, such as, the highly specific receptor atipamezole or the
less specific yohimbine (13).

There are many established intramuscular anesthetic combi-
nations in dogs. An antagonist to reverse MMK induced anes-
thesia in cats has been reported (4,12). However, there is little
information available on the effects of MMK combination and
its antagonistic effects in dogs.

The purpose of this study is to investigate the anesthetic
effects of MMK combination and to compare antagonistic
effects of atipamezole and yohimbine in beagle dogs anesthe-
tized with MMK.

Materials and Methods

Experimental animals
Eighteen adult male healthy beagles, with a mean age of 2.8 +
0.7 years and mean body weight of 7.2 + 0.9 kg were used in



212 Hag-Kyun Hwang, Jae-Yeon Lee, Seong-Mok Jeong and Myung-Cheol Kim

the study. All dogs were raised in appropriate animal manage-
ment facilities and fed a standard commercial dry canine food
(Science Diet® Adult, Hill's Pet Nutrition, Inc, Topeka, USA).
Routine hematological tests were performed before the experi-
ment commenced. All values were within the normal physio-
logical range. This experiment was conducted under the
supervision of the Chungnam National University Animal Care
and Use Committee. The dogs were fasted for 12 hours before
the experiment, and water was withheld for 2 hours before
anesthesia in order to prevent any possible adverse effects, such
as vomiting during anesthesia or recovery periods.

Experimental group

All dogs were anesthetized with intramuscular (IM) adminis-
tration of medetomidine (Domitor®, Orion Pharma, Espoo, Fin-
land, 0.04 mg/kg), midazolam (Dormicum®, F. Hoffmann-La
Roche Ltd, Basel, Switzerland, 0.2 mg/kg) and ketamine (Ket-
amine 50%, Yuhan Co, Seoul, Korea, 5 mg/kg) in one syringe.
Intravenous (1V) administration of atipamezole (Antisedan®,
Orion Pharma, Espoo, Finland, 0.24 mg/kg, MMKA), yohim-
bine (Yobin®, Lloyd Laboratories, lowa, USA, 0.2 mg/kg,
MMKY) or saline solution (0.1 ml’kg, MMK) was adminis-
tered 20 minutes after MMK combination anesthesia. After
drugs administration of the test dose, animals were positioned
in right lateral recumbency, and analgesia and cardiopulmo-
nary data were determined and recorded.

Instrumentation and drugs administration
Before experimentation, a sterile 22-gauge arterial catheter

(BD 1V Catheter®, Becton Dickinson Korea Ltd, Seoul, Korea)
was inserted percutaneously into the left dorsal pedal artery of
each dog masked down by isoflurane (Forane®, Choong Wae -
Pharma Corp, Seoul, Korea) anesthesia for few minutes, for the
measurement of the arterial blood pressure and to obtain arte-
rial blood samples. The catheter was flushed with heparinized
saline (2 IU/ml), secured in place, and connected to a pressure
transducer with a noncompliant tube. The transducer was
attached to a physiological monitor (Pulscan- Component®, Sci-
onic, Seoul, Korea). After inserting the catheter, isoflurane was
discontinued, and then the dogs were allowed to recover for 60
minutes prior to administration of the treatment drugs. Dogs
were restrained for collecting arterial blood samples and mea-
suring baseline data. Each of the 18 dogs received three differ-
ent treatments at the rate of one treatment per 14 days in a
randomized order.

Induction and recovery

Induction time, anesthesia time, sternal recumbency time,
standing time and walking time were recorded for each dog.
Induction time was the time from MMK administration to com-
plete immobilization. Complete immobilization was defined as
the lack of response to handling. Anesthesia time was the time
interval between complete immobilization and the first attempt
made by the animal to lift its head a few centimeters above the
ground. Sternal recumbency time was the time from MMK,
MMKA or MMKY administration to when the dogs achieved
sternal recumbency. Standing time was the time from MMK,
MMKA or MMKY administration to when the dogs stood up

Table 1. Subjective criteria used to score levels of sedation and response to noxious stimulus in dogs treated with medetomidine/
midazolam/ketamine (MMK), medetomidine/midazolam/ketamine-atipamezole (MMKA) and medetomidine/midazolam/ketamine-

yohimbine (MMKY)

Variable Score Criteria
Sedative score 0-5
Spontaneous posture
0 Normal
1 Being able to stand or sit on their hind legs
2 Keeping the position of ventral recumbency
3 Lateral recumbency with apparent spontaneous movement
(head lifting or struggling)
4 Lateral recumbeqcy yvith sub'Fle spontaneous movement
(ear and nose twitching or blink)
5 Lateral recumbency without spontaneous movement
Score of response to noxious stimulus 0-3

Pedal withdrawal response to pinching of a digit or interdigital web

0

1
2
3

Hypersensitive or normal
Slightly impaired
Clearly weak

Absent
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without assistance for longer than 10 seconds. Walking time
was the time from MMK, MMKA or MMKY administration
to when the dogs were able to walk with no knuckling.

Heart rate, blood pressures and rectal temperature

These variables were measured at time 0 (pre-injection) and
at 5, 10, 20, 30, 40, 50, 60 and 70 minutes after drug adminis-
tration. The heart rate (HR) was measured by the transducer
attached to a physiological monitor. The mean arterial pressure
(MAP), systolic arterial pressure (SAP) and diastolic arterial
pressure (DAP) were measured by using a patient monitor and
were recorded. Calibration of blood pressure device was done
in each experiment for the accurate measurement of blood
pressure. The left scapulohumeral joint was used as the zero
reference point for MAP measurement. Rectal temperature
(RT) was continuously recorded using a digital thermometer
with the thermocouple probe (Pulscan-Component®, Scionic,
Seoul, Korea) that was placed deep into the rectum.

Respiratory rate and blood gases

These variables were also measured at time 0 (pre-injection)
and at 5, 10, 20, 30, 40, 50, 60 and 70 minutes after drug
administration. The respiratory rate (RR) was measured by
observation of thoracic movement. Arterial blood samples
were collected anaerobically and analyzed immediately using a
portable analyzer (i-STAT® Portable Clinical Analyzer, Abbott
Laboratories, Illinois, USA). The analyzer calculated sample
arterial pH, carbon dioxide partial pressure (PaCQ,), arterial
oxygen partial pressure (Pa0,) and arterial oxygen saturation
(820,).

Evaluation of sedation and analgesia

The levels of sedation (spontaneous posture) and analgesia
(pedal withdrawal) were assessed each designated times dur-
ing anesthesia according to the criteria of Table 1.

Statistical analysis

Immobilization characteristics were compared by using a
paired rtest. Two-way analysis of variance (ANOVA) for
repeated measures was used to compare physiological responses
between treatments. One-way ANOVA for repeated measures
was used to compare physiological parameters over time. A
Bonferroni correction for multiple comparisons was used to
determine when significant differences occurred. The signifi-
cance level for this study was set at 2 < 0.05.

Results

Induction and recovery

Duration of induction, anesthesia, sternal recumbency, stand-
ing and walking were shown in Table 2. Mean induction times
were not significantly different among MMK, MMKA and
MMKY groups (1.0 + 0.0 min, 1.4+ 0.9 min and 1.4 £ 0.6 min,
respectively). Mean anesthesia times in the MMKA and
MMKY groups (26.6+5.7 min and 24.6+2.6 min, respec-

Table 2. Time for induction, duration of anaesthesia and recovery
times in dog after administration of medetomidine/midazolam/
ketamine (MMK), medetomidine/midazolam/ketamine-atipamezole
(MMKA) and medetomidine/midazolam/ketamine-yohimbine
(MMKY)

MMK MMKA MMKY
10+£00 14+09 14+0.6
Duration of anesthesia 88.8+9.7 266+57 24.6+2.6

Induction time

Time to sternal

98.0+11.3 30643 320246
recumbency

108.6+95 358+59" 346427
1176123 39.0+55 36.0+£26

Time to standing

Time to walking

Data are expressed as mean = SD (n=6).
*Significantly different (p < 0.05) from MMK.

tively) were significantly shorter than those in the MMK group
(88.8+9.7 min). But there were not significantly different
between MMKA and MMKY groups. Mean sternal recum-
bency times in the MMKA and MMKY groups (30.6 + 4.3 min
and 32.0 £ 2.6 min, respectively) were significantly shorter than
those in the MMK group (98.0 + 11.3 min). But there were not
significantly different between MMKA and MMKY groups.
Mean standing times in the MMKA and MMKY groups
{(35.8 £ 5.9 min and 34.6 + 2.7 min, respectively) were signifi-
cantly shorter than those in the MMK group (108.6 = 9.5 min).
But there were not significantly different between MMKA and
MMKY groups. Mean walking times (MWT) in the MMKA
and MMKY groups (39.0+£55 min and 36.0+2.6 min,
respectively) were significantly shorter than those in the MMK
group (117.6 + 12.3 min). But there were not significantly dif-
ferent between MMKA and MMKY groups.

Evaluation of sedation and analgesia

In all groups, the administration of MMK produced a satis-
factory sedation and analgesia in all dogs. However, after
administration of atipamezole or yohimbine in the MMKA or
MMKY group the scores for posture and response to noxious
stimuli were significantly lower than those in the MMK group
(Table 5).

Heart rate, blood pressures and rectal temperature

Data of heart rate, blood pressures and rectal temperature
were shown in Table 3. In all groups, the heart rate signifi-
cantly decreased after MMK administration. In the MMK
group, the heart rate significantly decreased within 5 minutes
after MMK administration and remained consistently below the
baseline value for 70 minutes. In the MMKA and MMKY
groups, the heart rate decreased for 20 minutes, but after admin-
istration of atipamezole or yohimbine they were recovered to
baseline value. There were significantly different in heart rate
between the MMKA or MMKY and MMK groups.

In all groups, the blood pressures (MAP, SAP and DAP) sig-
nificantly increased after MMK administration. In the MMK
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Table 5. Scores of sedation (spontaneous posture) and response to noxious stimulus (pedal withdrawal) after the administration of
medetomidine/midazolam/ketamine (MMK), medetomidine/midazolam/ketamine-atipamezole (MMKA) and medetomidine/midazolam/

ketamine-yohimbine (MMKY)

Groups Pre 5 min 10 min 20 min 30 min 40 min 50 min 60 min 70 min

MMK  00+00 50£00 50+00 5000 5000 50+00 50+00 50+00 50+0.0
Sp;gtsmmfgus MMKA 00£00 50+00 50+00 5000 18+£05% NT NT NT NT
MMKY 00400 50+00 50+00 50+00 22+05% NT NT NT NT

R MMK 00+00 3.0+00 3.0+00 30+00 30+00 30200 3.0£00 3.0£00 3.0+00

esponse to

noxious MMKA 00200 3.0+00 3.0+00 3.0+000 1.0+00* NT NT NT NT
stimulus ViKY 00400 30400 3.0400 3.0+400 1.0£00®  NT NT NT NT

Data: mean + SD. NT: not tested; MMK: medetomidine-midazolam-ketamine combination,
MMKA: medetomidine-midazolam-ketamine combination followed 20 minutes later by atipamezole,
MMKY: medetomidine-midazolam-ketamine combination followed 20 minutes later by yohimbine.

“significantly different from baseline value (P < 0.05).
bsignificantly different from MMK (P < 0.05).

group, the blood pressures significantly increased within 5 min-
utes after MMK administration and remained consistently
above the baseline value for 70 minutes. In the MMKA and
MMKY groups, the blood pressures increased for 20 minutes,
but after administration of atipamezole or yohimbine they were
recovered to baseline value. There were not significantty differ-
ent in blood pressures between groups. Rectal temperature did
not change significantly at all time points in all groups.

Respiratory rate and blood gases

Respiratory rate and blood gas analysis were shown in
Table 4. Respiratory rate was increased after MMK adminis-
tration, but there were not significantly different over times
and among groups. In all three groups, the arterial pH
decreased during the first 10 minutes and then gradually
increased. But the arterial pH tended to be higher in the
MMKA or MMKY group than those in the MMK group at 30
minutes. The carbon dioxide partial pressure (PaCO,) increased
during the first 10 minutes and then decreased. But the PaCO,
tended to be lower in the MMKA or MMKY group than those
in the MMK group at 30 minutes. The arterial oxygen partial
pressure (Pa0,) and arterial oxygen saturation (SaQ,) signifi-
cantly decreased within 5 minutes following MMK administra-
tion and remained consistently below the baseline value for 70
minutes in the MMK group, but after administration of atipam-
ezole or yohimbine they were recovered to baseline value in
the MMKA and MMKY groups.

Discussion

Alpha-agonists have proved very effective as sedative-anal-
gesic adjuncts when co-administered with dissociatives, benzo-
diazepines or opioid agonists (11,13). The combining of low
doses of a,-agonist, dissociative and benzodiazepine results in
a synergic anesthetic effect while minimizing the undesirable
side effects of these three classes of drugs. Based on the previ-

ous findings described above, we determined intramuscular
doses of 0.04 mg/kg medetomidine, 0.5 mg/kg midazolam and
5 mg/kg ketamine for this study. This study showed that MMK
at the given doses used produced good anesthesia with excel-
lent muscle relaxation and analgesia for 70 minutes in dogs.

Ebner et al teported that cats with 0.02 mg/kg medetomi-
dine, 0.5 mg/kg midazolam and 2.0 mg/kg ketamine combina-
tion intramuscularly in one syringe had been immobilized for
68 £ 11 min (5). The doses of 0.5 mg/kg midazolam, combined
with 0.02 or 0.03 mg/kg medetomidine, and 2 or 3 mg/kg ket-
amine was suitable as a repeatable IM immobilization method
for non-invasive procedures in healthy cats (5). Present result
(dogs with 0.04 mg/kg medetomidine, 0.2 mg/kg midazolam
and 5 mg/kg ketamine combination in one syringe) revealed
that dogs had been anesthetized for 88.8 + 9.7 min, possible for
general surgical procedures such as dental prophylaxis, ovario-
hysterectomy or castration.

Complete reversal of sedative, analgesic and cardiovascular
effects of medetomidine is achieved when atipamezole or
yohimbine was administered intravenously in this study. The
previous study demonstrated that atipamezole alone did not
markedly antagonize MMK anesthesia. However, this study
revealed that atipamezole or yohimbine administration was
effective in antagonizing the anesthesia induced by MMK
combination.

Lee et al reported that they inserted arterial catheter into left
dorsal metatarsal artery of each pig masked down by isoflu-
rane. After inserting the catheter, isoflurane was discontinued,
and then the pigs were allowed to recover for 60 minutes prior
to administration of the anesthesia treatment drugs (10). In this
study, we inserted arterial catheter into the dorsal pedal artery
of each dog masked down by isoflurane. After inserting the
catheter, we followed Lee ef af (10).

In this study, all dogs tested were constantly induced to a
deep sedation, and there were little variance of induction time
or degree of sedation induced between each dog. Administra-
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tion of atipamezole or yohimbine quickly reversed the effects
induced by MMK, and recumbency, standing and anesthesia
times were significantly reduced as compare with MMK group.
In this study, the atipamezole dose of 0.24 mg/kg was selected
for reversal of 0.04 mg/kg medetomidine, because the effec-
tive reversal dose of atipamezole in dogs has been found to be
four to six times that of medetomidine (9). Dose calculation of
yohimbine is made based on agonist/antagonist ratio of approx-
imately 10:1 for dogs. Therefore, if the initial dose of xylazine
is 1.1 to 2.2 mg/kg IM or SC for dogs, then yohimbine would
be given IV at a dose of 0.11 to 0.22 mg/kg (1). In this study,
the yohimbine dose of 0.2 mg/kg was determined.

In dogs, atipamezole effectively reversed sedation and signif-
icantly shortened arousal time and total recovery time without
apparent side effects produced by medetomidine-midazolam or
medetomidine-ketamine. Atipamezole also effectively reversed
changes in heart rate, respiratory rate and body temperature
(14). In this study, a significant shortening of the recovery
period was obtained when atipamezole was used. Curro ef af.
reported that Siberian tigers were able to stand 21 2 minutes
after MMK anesthesia (0.05 mg/kg medetomidine, 1.0 mg/kg
midazolam and 2.5 mg/kg ketamine) that was reversed by
0.25 mg/kg atipamezole intramuscularly (3).

Yohimbine is used as a selective a,-adrenoceptor antagonist
of the sedative and cardiovascular effects of xylazine in dogs
and cats (1). Yohimbine present all four pharmacological sub-
types of the a,- adrenoceptor (A, B, C and D) in ligand affin-
ity, and has a approximately 60 times more selective for the o,
than the o,- adrenoceptor (13). The administration of 0.2 mg/
kg yohimbine showed noticeable effects on recovery from
MMK anesthesia in this study.

In this study, there were significant decreases in heart rate,
cardiac arrhythmias and hypertension atter MMK administra-
tion. On the other hand, the heart rate in the MMKA and
MMKY groups were recovered to baseline values, probably as
a result of the reversal of the MMK-induced effect by atipam-
ezole or yohimbine. A significant decrease of heart rate in the
MMK group is considered to be classic response after the
administration of a,-adrenoceptor agonist in animals, The
pharmacological effects of medetomidine include depression
of central nervous system (CNS), peripheral and cardiac vaso-
constriction, bradycardia, respiratory depression and hypother-
mia (13). Effects on blood pressure are variable. While
hypotension occurs frequently, higher doses of medetomidine
can raise the blood pressure due to an effect on peripheral
receptors (2). In this study, reversal of bradycardia and hyper-
tension is mainly due to atipamezole or yohimbine.

Respiratory rate in all dog increased (but not significantly)
following MMK administration and the pattern become more
regular. The most significant finding in the respiration and gas
exchange portion of this study was hypoxemia following the
administration of MMK. The PaO, and Sa0, in the MMK
group decreased with time, and were significantly lower than
the baseline value at 5, 10, 20 and 30 minutes. On the other
hand, the Pa0, and SaQ, were recovered to baseline value after

administration of atipamezole or yohimbine in the MMKA and
MMKY groups. Improvement in hypoxemia occurred after
administration of atipamezole or yohimbine. Therefore, atipam-
ezole and yohimbine appears to have minimal effects on car-
diopulmonary function in dogs in this study.

In this study, the administration of atipamezole or yohim-
bine was considered to be effective in antagonizing the anes-
thesia and reversing adverse effects induced by MMK in dogs.
Atipamezole or yohimbine alone reversed effectively the anes-
thesia, hypoxemia, bradycardia and hypertension produced by
MMK. Therefore, atipamezole or yohimbine can be widely and
practically applied to clinics by shortening recovery time after
administration of clinical dose of MMK in dogs. Also the ati-
pamezole or yohimbine can be used for antagonizing overdos-
age of MMK.
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