Journal of Feline Medicine and Surgery (2008) 10, 47—54

d0i:10.1016/j.jfms.2007.06.013

ELSEVIEI

jms

Antagonistic effects of atipamezole, flumazenil and
4-aminopyridine against anaesthesia with
medetomidine, midazolam and ketamine
combination in cats

Naotami Ueoka DVM1, Yoshiaki Hikasa pvm, php

"Ueoka Animal Hospital, Yoshijima-
nishi 1-28-12, Naka-ku, Hiroshima
730-0823, Japan

2Laboratory of Veterinary Internal
Medicine, Department of Veterinary
Medicine, Faculty of Agriculture,
Tottori University, 4-101
Koyama-Minami, Tottori-shi,
Tottori 680-8553, Japan

2%

Antagonistic effects of atipamezole (ATI), flumazenil (FLU) and 4-aminopyridine
(4AP) alone and in various combinations after administration of
medetomidine—midazolam—ketamine (MED—MID—KET) were evaluated in
cats. Animals were anaesthetised with MED (50 ng/kg), MID (0.5 mg/kg) and
KET (10 mg/kg) given intramuscularly. Twenty minutes later, physiological
saline, ATI (200 pg/kg), FLU (0.1 mg/kg), 4AP (0.5 mg/kg), ATI-FLU,
FLU—4AP, ATI-4AP or ATI-FLU—4AP was administered intravenously. FLU,
4AP alone, or FLU—4AP did not effectively antagonise the anaesthesia,
hypothermia, bradycardia, and bradypnoea induced by MED—MID—KET. ATI
alone was effective. ATI-FLU, ATI-4AP and ATI-FLU—4AP combinations
produced an immediate and effective recovery from anaesthesia. The
combination of ATI-FLU—4AP was the most effective in antagonising the
anaesthetic effects, but was associated with tachycardia, tachypnoea, excitement,
and muscle tremors. Combinations with ATI are more effective for antagonising
anaesthesia, but ATI-FLU—4AP is not suitable.
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he selective a,-adrenoceptor agonist, me-
I detomidine (MED), is mainly used as
a sedative, analgesic and muscle relaxant.
However, it induces adverse cardiovascular ef-
fects such as hypertension and bradycardia in
cats (Golden et al 1998, Lamont et al 2001, Selmi
et al 2005). Midazolam (MID) is a water-soluble
benzodiazepine that is used as an anxiolytic in
human medicine (Brown et al 1979, Court and
Greenbratt 1992). MID alone has not been used
as a sedative agent for cats, because it induces
ataxia, restlessness and abnormal behaviours
that make cats more difficult to approach and re-
strain, and does not induce profound sedation in
cats (Ilkiw et al 1996a). A combination of MED
with MID has been reported to enhance the sed-
ative and analgesic actions of the individual drug
in rats (Salonen et al 1992) and pigs (Nishimura
et al 1993), and to produce deep sedation in
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dogs (Itamoto et al 2000). This combination
has also been reported to greatly reduce the an-
aesthetic induction dose of sodium thiopental
and propofol in dogs (Kojima et al 2002). On
the other hand, ketamine (KET) is widely used
in feline practise as a dissociative anaesthetic
agent. KET induces anaesthesia rapidly and
causes minimal depression of the respiratory
and cardiovascular systems, and has a wide mar-
gin of safety (Flecknell 1994). A wide range of
KET doses are used for different purposes in fe-
line practise. A MED—MID combination may be
also used as a premedication before KET anaes-
thesia in cats. The combination of MID or MED
with KET has been successfully used in cats
(Verstegen et al 1991, Ilkiw et al 1996b, Sparkes
et al 1996, Akkerdaas et al 2001). However, to
the best of our knowledge, there are no reports
on MED—MID or MED—MID—KET combina-
tions in cats. Our preliminary studies indicated
that a combination of MED—MID—KET pro-
duced good anaesthesia with excellent muscle
relaxation and analgesia in cats.

© 2007 ESFM and AAFP. Published by Elsevier Ltd. All rights reserved.
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Antagonism may be required when the anaes-
thetised animals show profound depression of
vital signs, adverse effects of the given agents,
and/or delayed recovery from anaesthesia. A se-
lective ay-adrenoceptor antagonist, atipamezole
(ATI), is used as an antagonist for sedation or
bradycardia induced by MED in cats (Savola
1989, Vaha-Vahe 1990, Granholm et al 2006). Flu-
mazenil (FLU), a potent and specific benzodiaze-
pine antagonist, antagonises behavioural and
neurological effects of benzodiazepines such as
muscle relaxation and sedation (Brogden and
Goa 1988, Sumida et al 1995). The effect of intra-
venous administration of variable-dose FLU fol-
lowing a fixed dose of KET and MID has been
studied in healthy cats (Ilkiw et al 2002). 4-
Aminopyridine (4AP) reverses non-depolarising
neuromuscular and sympathetic ganglion block-
ade mainly because of the enhanced release of
acetylcholine in cats (Durant et al 1980) and
dogs (Rupp et al 1983), and partially antagonises
the anaesthesia produced by KET or barbiturates
in cats (Hatch et al 1983, 1984). In cats, however,
there is little information available on the antag-
onistic effects of ATI, FLU and 4AP alone or in
various combinations against the anaesthesia in-
duced by a combination of MED, MID and KET.

The purpose of this study was to evaluate the
antagonistic effects of intravenously adminis-
tered ATI, FLU and 4AP alone and their combi-
nations after anaesthesia produced by a fixed
dose of MED, MID and KET injected intramuscu-
larly in cats.

Materials and methods

Animals and designs

Our experimental protocols were approved by
the Animal Research Committee of Tottori Uni-
versity. Eight healthy intact, adult mixed-breed
cats (five females and three males) ranging in
body weight from 3.0 to 3.9 kg were used. The
cats were housed individually and fed dry food
and water ad libitum. Routine haematological
and plasma biochemical tests were performed
before the study commenced. All values were
within the normal physiological range. Food
was withheld for 12h before the experiment.
One hour before the experiment, the animals
were placed in the experimental room controlled
at 25°C by air conditioning. Eight cats received
eight different treatments at the rate of one treat-
ment per week in a randomised crossover study
design.

Each cat was given the mixture of 0.05 mg/kg
MED (MED HCI, 1mg/ml, Domitor; Meiji
Seika Kaisha, Japan) and 0.5 mg/kg MID (MID,
5 mg/ml, Dormicum; Yamanouchi Pharmaceuti-
cal, Japan) followed 10 min later by 10 mg/kg
KET (KET HCl, 50 mg/ml, Ketalar; Japan) intra-
muscularly. MED and MID were mixed in the
same syringe immediately before injection.
MED—MID and KET were injected into the semi-
membranosus muscle. The MED—MID adminis-
tration caused rapid sedation and no painful
response to the injection; lateral recumbency
with excellent muscle relaxation was achieved
within 10 min in all of cats. KET induced anaesthe-
sia smoothly within 5—10 min, without signs of
pain in response to intramuscular injection or a
hypertonic or cataleptic state. In this study, general
anaesthesia was defined as when the cat showed
no behavioural responses to analgesic and other
stimuli under complete lateral recumbency and
was without the movements described below.

Twenty minutes after KET injection, the cats
were given either physiological saline solution
(PSS) at a dose of 0.1 ml/kg (control), 0.2 mg/kg
ATI (ATI HCl, 5 mg/ml, Antisedan; Meiji Seika
Kaisha, Japan), 0.1 mg/kg FLU (FLU, 0.1 mg/ml,
Anexate; Yamanouchi Pharmaceutical, Japan),
0.5 mg/kg 4AP (4AP, Wako Pure Chemical In-
dustries; Japan), ATI-FLU, FLU—4AP, ATI-4AP
or ATI-FLU—4AP intravenously. 4AP was dis-
solved in PSS at a concentration of 2.5 mg/ml.
The potential antagonists were mixed in the
same syringe immediately before injection, and
injected into the cephalic vein.

Measurements

Elapsed times to recovery of the palpebral reflex,
pedal reflex and tail clamp reflex were recorded
after the injection of antagonists. Pedal and tail
clamp reflexes were defined as the reflex with-
drawal to clamping of interdigital web of the
paw of a limb and the tail during 3s using
Kocher’s forceps. Recovery times to head move-
ment, sternal recumbency, standing and walking
were also recorded. The degree of antagonism
for anaesthesia was assessed using a slight
modification of previously published scoring
methods (Itamoto et al 2000) as follows. (1) Pos-
ture score: 0 =normal; 1=ataxia, but able to
walk; 2 =completely prone, unable to walk;
3 =lateral recumbency, but able to move the
tail or paw; and 4 = complete lateral recumbency
without movement. (2) Analgesic scores: a reflex
withdrawal to clamping of the tail, the skin of
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body surface at the paramedian abdomen and
the interdigital web of paw of all four limbs
during 3 s using Kocher’s forceps. 0 =Normal
response; 1=reduced response; 2=faint re-
sponse; and 3 =no reflex. (3) Jaw tone score:
0 =normal resistance to open the mouth; 1=
the jaw can be opened, but there is still some re-
sistance; 2 = little resistance to open the mouth
and obvious muscle relaxation; and 3 = no resis-
tance. (4) Auricular score: in response to a clap-
ping sound behind the auricula. 0=Normal
response; 1=dull response, but able to move
body or head; 2=no body movement; and
3 = completely no reflex at all. Total score was
calculated as the sum of four scores, including
(1) posture, (2) analgesia, (3) jaw tone, and (4) au-
ricular scores. Rectal temperature was measured
prior to injection of MED—MID (pre-value), im-
mediately before injection of potential antago-
nists (0 time), and 30, 60, 90, 120, 150, 180, 240,
and 300 min after injection of antagonists. Heart
rate, respiration rate and each of the above four
scores were recorded before injection of MED—
MID (pre-value), immediately before administra-
tion of antagonists (0 time), and 1, 5, 15, 30, 45,
60, 75, 90, 120, 150, 180, 240, and 300 min after in-
jection of antagonists. At each time point a cat
was placed on an observation table for scoring.
Posture, analgesia, jaw tone, and auricular scores
were recorded in that order. Heart rate was mea-
sured using a stethoscope. Respiration rate was
measured by observations of movements of the
thorax. Cats were observed for behavioural and
visible side effects such as excitation, congestion
of conjunctiva, rigidity of limbs, muscle tremors,
piloerection and emesis for 300 min after injec-
tion of potential antagonists.

Statistics

Data of rectal temperature, heart and respiration
rates: one-way analysis of variance (ANOVA) for
repeated measures was used to examine the effect
of time within each treatment group and one-way
ANOVA for treatment effect at each time point.
When ANOVA was significant, the Tukey test
was used for multiple comparisons of the means.
Data of elapsed times to recovery from anaesthe-
sia were also analysed by one-way ANOVA for
treatment effect, and Tukey’s multiple compari-
son test was used to identify differences between
means. For comparisons between treatment
groups in the score data, the non-parametric,
Mann—Whitney test was used. The significance
level of all tests was set at P < 0.05.

Results

Recovery time from anaesthesia

Mean elapsed times to recovering the eyelid,
pedal and tail clamp reflex after injection of po-
tential antagonists were significantly shortened
in the antagonists-injected groups when com-
pared with the PSS-injected control (Table 1).
Recovery times to head-up motion, prone posi-
tion, standing and walking were not signifi-
cantly different among the control, FLU and
4AP groups. These times in the groups given
ATI were significantly shortened in comparison
with the control or non-ATI groups. Mean
elapsed times to head-up motion or prone posi-
tion in ATI-FLU, ATI—4AP and ATI-FLU—4AP
groups were significantly shortened compared
to those in the ATI group. Mean elapsed times
to either head-up motion or prone position in
ATI-FLU—4AP group were significantly shorter
than those in the ATI-FLU and ATI—4AP
groups. Recovery to prone position was most
rapid in the ATI-FLU—4AP group. However,
there were no significant differences in recovery
times to standing and walking among the
ATI-FLU, ATI-4AP and ATI-FLU—4AP groups
(Table 2).

Table 1. Recovery times to eyelid, pedal and tail
clamp reflexes after administrations of ATI, FLU,
and 4AP alone or their combinations in cats
anaesthetised with MED—MID—KET

Groups Elapsed time (min)
Eyelid Pedal reflex Tail clamp
reflex reflex

Control 58-+34 83428 98 + 31

ATI 1400 2412 54 10?

FLU 6410 624150 644202

4AP 12 4+£17% 32 +£24%P< 51 4297b

ATI-FLU 1+£0* 1+0%4 14 0%d

FLU—4AP 345" 3142420 494 ppabe

ATI—4AP 1+£0° 1024 2 pqacdf

ATI-FLU—4AP 1+£0* 12024 1 Lpredf

Each value represents mean+SD of eight cats;
a =significantly different from control (P < 0.05);

b =significantly different from ATI (P <0.05);
c =significantly different from FLU (P <0.05);
d =significantly ~different from 4AP (P <0.05);

e =significantly different from ATI-FLU (P < 0.05);
f = significantly different from FLU-4AP (P < 0.05).
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Table 2. Recovery times to head-up motion, prone position, standing and walking after administrations of
ATI, FLU, and 4AP alone or their combinations in cats anaesthetised with MED—MID—KET

Groups Elapsed time (min)

Head-up Prone Standing and

position walking

Control 189 £ 47 197 £ 50 225 4 48
ATI 33 +£21° 44 + 217 76.3 & 14
FLU 194 + 52° 209 + 520 236 + 60°
4AP 143 =+ 35°¢ 155 =+ 38°< 186 =+ 33°¢
ATI-FLU 8 £ 173bed 31 + 2434 76 + 2634
FLU—4AP 139 4 312bee 145 + 3P 183 = 44°*¢
ATI—4AP 15 & 16> 21 + 212bedf 68 + 20741
ATI-FLU—4AP 2+ 12bodts 8 + 6o bedet 58 1+ 173bedf

Each value represents mean + SD of eight cats; a = significantly different from control (P < 0.05); b = significantly
different from ATI (P < 0.05); ¢ = significantly different from FLU (P < 0.05); d = significantly different from 4AP
(P <0.05); e=significantly different from ATI-FLU (P <0.05); f=significantly different from FLU—4AP
(P < 0.05); g =significantly different from ATI-4AP (P < 0.05).

Anaesthetic and analgesic scores

In the PSS-injected control group, a profound an-
aesthesia was observed for approximately
90 min after MED—MID—KET injection. Thereaf-
ter, the cats recovered gradually, but ataxia con-
tinued until 300 min after PSS administration.
In postural score, there were no significant differ-
ences between the control and non-ATT injected
groups. Cats that received ATI alone had signifi-
cantly lower postural scores at 45—240 min after
injection when compared with PSS or non-ATI
injected groups. Similarly, the cats receiving
ATI-FLU, ATI—4AP and ATI-FLU—4AP had
significantly lower postural scores at 1—240 min
after injection of antagonists when compared
with the control or non-ATI injected groups.
There were no significant differences in postural
score between the groups combined with ATL

The differences among the groups in analgesic,
jaw tone, and auricular scores were similar to
those in postural score. In each component score,
there was no significant difference between the
control and FLU group. Analgesic and jaw tone
scores in the 4AP group were significantly lower
than those in the control group at 60—90 min
after injection of 4AP. The cats in the FLU—4AP
group had significantly lower analgesic, jaw
tone, and auricular scores at 30—150 min when
compared with controls. Each component score
in the groups combined with ATI was signifi-
cantly lower than that in the control cats at
1-180 min. The cats in ATI-FLU—4AP group
had the lowest component score after injection
of antagonists.

The results for total score are shown in Fig 1.
In total score, there was no significant difference
between the control and FLU groups. Total score
in both 4AP and FLU—4AP groups was slightly
and significantly lower than that in the control.
The cats in the ATI group had a significantly
lower total score at 15—240 min when compared
with PSS or non-ATI injected groups. The cats in
both ATI-FLU and ATI—4AP groups had signif-
icantly lower total scores at 1—180 min when
compared with PSS or non-ATT injected groups.
The cats in the ATI-FLU—4AP group had the
lowest total score at 1—60 min after antagonist
injection when compared with the other groups.
There were no significant differences in total
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Fig1. Antagonistic effect of ATI, FLU and 4AP, as assessed

by total score calculated as the sum of four component
scores, in cats anaesthetised with MED—MID—KET. Each
point and vertical bars indicate the mean value & SD of eight
cats. *Significantly different from the control group
(P <0.05).
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score between the groups combined with ATI
from 75 to 300 min after injection of potential
antagonists.

Rectal temperature, heart and respiratory rates

Rectal temperature decreased significantly or
tended to decrease from pre-values until
240 min in the control and non-ATI injected
groups. Rectal temperature in ATI, ATI-FLU
and ATI—4AP groups tended to decrease until
60 min, but recovered to pre-values at 180 min
after administration of antagonists. Recovery
time from the decreased rectal temperature was
the fastest in the ATI-FLU—4AP group than
the other groups.

Heart rates in the control and non-ATI injected
groups were significantly reduced from pre-
values. Heart rates in the ATI combined groups
were significantly higher than those in control
and non-ATT injected groups at 1—300 min after
injection of antagonists. However, the cats in
the ATI-FLU—4AP group showed tachycardia
over 180 beats/min in the mean value at
1-120 min after injection. For example, heart
rates [beats/min; mean + standard deviation
(SD)] increased significantly from 142 + 15 of pre-
value to 197 +37 at 1 min, 218 =228 at 5 min,
213 £17 at 90 min, and 187 & 34 at 120 min after
ATI-FLU—4AP injection.

Respiratory rates in the control, FLU and
FLU—4AP groups decreased significantly or
tended to decrease from pre-values until
300 min after injection. Respiratory rates in the
ATI, ATI-FLU and ATI—4AP groups were sig-
nificantly higher than those in the control and
non-ATT injected groups at 1—150 min after injec-
tion of potential antagonists. There were no sig-
nificant differences in respiratory rates among
the ATI, ATI-FLU and ATI—4AP groups. Respi-
ration rates in the ATI-FLU—4AP group tended
to be higher than those in the other groups at
5—150 min after antagonist injection, and
showed tachypnoea at 90 min after injection.

Behavioural side effects

Excitement, vocalising and aversion to body
touch were observed in some of the cats that re-
ceived ATI, 4AP, ATI-FLU or ATI—4AP, and in
most of the cats that received ATI-FLU—4AP.
Congestion of the conjunctiva was observed in
some of the cats receiving ATI, ATI-4AP or
ATI-FLU—4AP. Rigidity of limbs was observed
in some cats that received FLU and 4AP, and

in most after ATI, ATI-FLU, ATI—4AP or
ATI-FLU—4AP. Emesis was observed in the con-
trol and non-ATT injected groups during recov-
ery. Muscle tremors were observed in many
cats that received ATI-4AP and ATI-FLU—4AP
(Table 3).

Discussion

The present study showed that MED—MID—KET
at the doses used produced good anaesthesia
with excellent muscle relaxation and analgesia
in cats. The clinically recommended dose of
MED as a sedative-analgesic in cats is reported
to be 0.01-0.04 mg/kg intravenously and
0.04—0.08 mg/kg  intramuscularly  (Sinclair
2003). Also, it is well known that the wide ranges
in KET doses (2—4 mg/kg intravenously and
10—30 mg/kg intramuscularly) are used for dif-
ferent purposes in feline practise (Flecknell
1994). A previous study reported that intrave-
nous administration of 0.05 and 0.5 mg/kg MID
after 3 mg/kg KET had beneficial effects on be-
havioural responses in cats (Ilkiw et al 1996b).
It caused a greater proportion of cats to assume
a laterally recumbent position with head down
compared with KET alone. In addition, doses of
MID of 0.5 mg/kg or above reduced muscle ri-
gidity observed in cats which received KET
alone, and greatly diminished a nociceptive re-
sponse to the tail or paw clamp in cats (Ilkiw
et al 1996b). Based on the previous findings de-
scribed above, we determined intramuscular
doses of 0.05 mg/kg MED, 0.5 mg/kg MID and
10 mg/kg KET for this study. Therefore, this
fixed dose of MED—MID—KET produced gen-
eral anaesthesia with excellent muscle relaxation
and analgesia for approximately 90 min in cats.

In this study, the ATI dose of 0.2 mg/kg was se-
lected for the reversal of 0.05 mg/kg MED, be-
cause the effective reversal dose of ATI in cats
has been found to be 2—4 times that of MED
(Vaha-Vahe 1990, Cullen 1996, Granholm et al
2006). An FLU dose of 0.1 mg/kg was determined
based on a previous report that, assuming a agoni-
st—antagonist ratio of 13:1, an FLU dose of
0.04 mg/kg or above would be enough for com-
pletereversal of 0.5 mg/kg MID, and that an intra-
venous administration of 0.1mg/kg FLU
shortened the period of initial recovery stages fol-
lowing 0.5 mg/kg MID and 3 mg/kg KET in cats
(Ilkiw et al 2002). 4AP dose of 0.5 mg/kg was se-
lected based on reports it partially antagonised
the effects of KET or pentobarbital anaesthesia in
cats (Hatch et al 1983, 1984).
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Muscle tremors
(initiation; duration)
0/8
0/8
0/8
0/8
0/8
0/8
4/8 (71 £ 38; 49 + 43)
5/8 (52 + 34; 27 + 20)

(initiation)
3/8 (148, 158, 189)
0/8
3/8 (187, 212, 214)
0/8
1/8 (140)

0/8
0/8

Emesis
2/8 (144, 202)

Rigidity of four
limbs (initiation; duration)
0/8
4/8 (53 £19; 41 + 26)
1/8 (75; 15)

2/8 (135 +£21; 25+ 7)
4/8 (34 +14; 40 +41)
0/8
3/8 (37 +28; 33 +24)
6/8 (7 +4; 62 + 69)

Congestion of conjunctiva
(initiation; duration)
0/8
1/8 (90; 30)

0/8
0/8
0/8
0/8
2/8 (68 +32; 23 +11)
3/8 (70£9; 25+ 17)

Excitement signs
(initiation; duration)
0/8*

2/8 (68 £ 11; 83 +32)f
0/8
1/8 (120; 30)

3/8 (110 +17; 80 + 35)
0/8
3/8 (60 + 26; 62 + 15)
7/8 (74 + 36; 35 + 27)

Table 3. Behavioural side effects after administrations of ATI, FLU, and 4AP alone or their combinations in cats anaesthetised with MED—MID—KET

"Time (mean =+ SD, min) after injection of potential antagonists in positive cats.

*Positive/examined cats.

Groups

Control

ATI

FLU

4AP

ATI-FLU
FLU—4AP
ATI—4AP
ATI-FLU—4AP

The present study demonstrated that either
FLU or 4AP alone did not markedly antagonise
MED—MID—KET anaesthesia. On the other
hand, ATI alone, ATI-FLU, ATI—4AP and
ATI-FLU—4AP significantly hastened the recov-
ery from anaesthesia induced by MED—MID—
KET and a combination of ATI-FLU—4AP was
most effective. It is, therefore, concluded that
ATT alone and combinations with ATI are much
more useful for antagonising MED—MID—KET
anaesthesia in cats. However, the present study
indicated that the quality of recovery was
smoother in ATI alone or ATI-FLU than after
both ATI—-4AP and ATI-FLU—4AP, because the
rigidity of limbs, muscle tremors and excitement
that were observed in most cats received ATI—
FLU—4AP, and muscle tremors were observed in
many cats after ATI—4AP during recovery
process.

The present study revealed that combinations
with ATI were effective in antagonising the hy-
pothermia, bradycardia and hypopnoea induced
by MED—MID—KET anaesthesia. Reversal of
bradycardia is mainly due to ATI (Granholm
et al 2006). On the other hand, Savola (1989) re-
ported that the anti-cholinergic drug, atropine,
was not effective in antagonising MED-induced
bradycardia in anaesthetised rats. However,
Short et al (1991) and Ko et al (2001) have re-
ported in dogs that atropine and/or glycopyrro-
late were more effective in preventing MED-
induced bradycardia, but induced hypertension
and pulsus alternans. In addition, Bergstom
(1988) and Alibhai et al (1996) have reported
that an anti-cholinergic drug enhances hyper-
tension produced by MED in dogs, although
there are no published data showing such find-
ings in cats. Therefore, if undesirable events
occurred on cats when an anti-cholinergic
drug was given as a premedicant to MED ad-
ministration, the administration of ATI would
be recommended for the reversal of these
effects.

MED induces second-degree atrioventricular
block and vomiting (Short 1991). In our study,
both cardiac arrhythmia assessed by ausculta-
tion and vomiting occurred more frequently in
the control and non-ATI injected groups than
the other groups. Therefore, combinations with
ATI can prevent these side effects. In the present
study, excitement was not observed in the FLU
group, but occurred frequently in the groups
combined with ATI and most frequently in the
ATI-FLU—4AP group. Ilkiw et al (1996a) re-
ported that MID alone induced abnormal
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behaviours or excitement-like signs such as
ataxia and restlessness in cats. In our study,
MID might play a minor role in the observed
excitement because these signs occurred fre-
quently in the ATI-FLU and ATI-FLU—4AP
groups in which the effects of MID were an-
tagonised by FLU. Although a combination of
ATI, FLU and 4AP was most effective in antag-
onising the anaesthesia induced by MED-—
MID—KET in our study, it induced limb rigidity
and muscle tremors during the recovery phase.
These results indicate that the use of a mixture
of ATI, FLU and 4AP as antagonists for MED—
MID—KET anaesthesia is not always suitable for
a smooth recovery.

In the present study, ATI, ATI-FLU, ATI-4AP
and ATI-FLU—4AP combinations were effective
in antagonising the anaesthesia and adverse ef-
fects induced by MED—MID—KET in cats. ATI
alone effectively reversed the anaesthesia, hypo-
thermia, bradycardia and hypopnoea produced
by MED—MID—KET, with minimal adverse ef-
fects. However, the ATI-FLU combination may
have some disadvantages because FLU is re-
quired at high dose in cats and is expensive.
The ATI—4AP combination may be practical be-
cause 4AP is cheaper than FLU and this combi-
nation effectively hastens the recovery from
anaesthesia. However, the dose of 4AP should
be carefully chosen because of its toxicity (Verste-
gen et al 1991). A combination of ATI-FLU—4AP
is most effective in antagonising the MED—
MID—KET anaesthesia, but tachypnoea, excite-
ment signs and muscle tremors occur frequently.
Therefore, ATI alone can be used to shorten the
effects of MED—MID—KET in cats. The combina-
tion of ATI, FLU and 4AP may be used after
overdosage of MED—MID—KET.

In conclusion, ATI alone and combinations
with ATI are much more effective for antagonis-
ing the anaesthesia and side effects induced by
MED—MID—KET. ATI alone can be used as
a safe and effective agent for antagonising the
MED—MID—KET anaesthesia in cats. The use
of ATI-FLU—4AP maybe not always produce
smooth recovery from anaesthesia.
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