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Effects of lumbosacral epidural ketamine and lidocaine in
xylazine-sedated cats

R DeRossia*, A P Benitesb, J Z Ferreirab, J M N Netob and L C Hermetob

INTRODUCTION
Epidural anaesthetic techniques have
been shown to be effective in experimen-
tal cats12. Most commonly, veterinarians
use this technique after induction of an-
aesthesia and before surgery, because of
the difficulty of performing an epidural
injection in a conscious cat31. Epidural
anaesthesia can be used in cats for several
procedures, such as orthopaedic surgery
on a hind limb, or a caesarian section, in
critically ill cats or in cats that are also
on a light anaesthetic plane or heavily
sedated20. Lidocaine is traditionally used
for epidural block in dogs and cats34, but
can induce hypotension and neuro-
toxicity. In view of these alterations
during epidural blockade, studies were
conducted to determine the advantages
of a specific sensory blockade. Researchers
have studied several drugs or drug com-
binations, such as morphine in cats36,
opioids/lidocaine or bupivacaine in mice2

and ketamine/lidocaine in goats11. If the
effect of the combination is greater than

the sum of the effects of individual agents,
the interaction is considered synergistic.
Synergistic interactions can occur when
drugs affect different critical points along
a common pathway27.

Local anaesthetics have the potential to
produce sensory, motor and sympathetic
blockade by depressing axonal conduction
of nerves. Usually, anaesthetists use 2 %
lidocaine with this objective, but higher
doses and concentrations induce tempo-
rary or permanent lesions of the nervous
tissues19,25. The vasodilatation due to
sympathetic blockade produced by
epidurally injected local anaesthetics
decreases the duration of anaesthesia32

and induces hypotension29. Local anaes-
thetics can be used for hind limb and
abdominal procedures, but larger volumes
that would provide more cranial analgesia
cannot be used, owing to the concomitant
respiratory and cardiac depression31.

Epidural administration of the N-
methyl-D-aspartate (NMDA) receptor an-
tagonist ketamine produces analgesia in
animals10,11,14. Ketamine is commercially
available as a racemic mixture of the 2
enantiomers, S(+)-ketamine and R(–)-
ketamine. The NMDA receptor plays an
important role in the development of
neuropathic pain through activation of
excitatory amino acids (glutamate) in the

dorsal horn26. S(+)-ketamine, the left-
handed optical isomer of racemic keta-
mine, has a 4-fold-higher affinity for
NMDA receptors than right-handed
R(–)-ketamine38. Ketamine is widely used
in cats as a dissociative anaesthetic agent.
Anaesthetic protocols incorporating
ketamine provide better postoperative
analgesia than protocols using thiopen-
tone and halothane with or without
butorphanol35.

The objective of the present study was
to determine whether the combination of
lidocaine and S(+)-ketamine adminis-
tered epidurally in healthy cats produces
analgesia of longer duration with fewer
side effects than epidural lidocaine or
ketamine administered alone, at doses
used in clinically veterinary medicine.

MATERIALS AND METHODS
The ethics committee of the Federal

University of Mato Grosso do Sul approved
the study protocol and experimental de-
sign.

Six young, healthy, domestic shorthair
cats weighing 2.0–3.7 kg (mean ± stan-
dard deviation, 2.7 ± 0.6 kg) were used in
this study. All cats were maintained in
cages in the small animal anaesthesia
room of the Faculty of Veterinary Medi-
cine and Animal Science facilities
throughout the experimental period.
Each animal received 3 treatments in a
randomly selected way, with at least a
1-week interval between each treatment.
Observers were blind to the drugs and
doses administered in each study.

Fifteen minutes before administration
of epidural drugs, all cats were sedated
with 1.0 mg/kg of 1 % xylazine intramus-
cularly. The lumbosacral area was clipped
and the skin was prepared for aseptic
placement of an epidural needle, after
infiltration of the skin and subcutaneous
tissues with 0.5 m of the 1 % lidocaine.
We maintained all animals in sternal
recumbency for localisation of the lumbo-
sacral epidural space. This space was
identified by the depression between the
last lumbar vertebra and the 1st sacral
vertebra. A 22-gauge 2.5 cm epidural needle
was placed at the epidural space at a
70–90° angle along the median plane,
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ABSTRACT
In order to determine the analgesic and cardiovascular effects of the combination of
epidural ketamine and lidocaine, 6 sedated cats were studied. Six healthy, young cats were
used in a prospective randomised study. Each cat underwent 3 treatments, at least 1 week
apart, via epidural injection: (1) ketamine (2.5 mg/kg), (2) lidocaine (4.0 mg/kg), and (3)
ketamine (2.5 mg/kg) plus lidocaine (4.0 mg/kg). Epidural injections were administered
through the lumbosacral space. Analgesia, motor block, sedation, heart rate, arterial blood
pressure, respiratory rate and arterial oxygen saturation were measured. Rectal tempera-
ture was compared before and after sedation as well as after epidural administration of the
drugs. Epidural administration of the ketamine/lidocaine combination induced prolonged
analgesia extending from the coccygeal to the T13-L1 dermatomes, leading to severe ataxia.
Cardiovascular effects were significant in all treatments: heart rate decreased, but there was
a minimal reduction in arterial pressure. It was concluded that adding a dose of ketamine to
epidural lidocaine in cats is feasible and effective.
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with the bevel facing cranially. Correct
positioning of the needle was confirmed
by the hanging-drop method and loss of
resistance by injected air into the epidural
space. Treatments were S(+)-ketamine
(K; 0.05 m /kg; 2.5 mg/kg; Cristália Chemi-
cal and Pharmaceutical Products Ltd,
Brazil), 2 % lidocaine without adrenaline
(L; 0.20 m /kg; 4.0 mg/kg; Hipolabor
Farmacêutica Inc, Sabará, Brazil) and
S(+)-ketamine plus 2 % lidocaine (KL;
S(+)-ketamine 2.5 mg/kg plus lidocaine
4.0 mg/kg). The volume of the drugs was
always 1 m /3.0 kg body weight, using
sterile 0.9 % saline solution when neces-
sary to achieve this volume. All drugs
were injected at a rate of 0.5 m /s into the
epidural space of each experimental ani-
mal.

Heart rate (HR), arterial blood pressure
(systolic (SAP), diastolic (DAP) and mean
(MAP) arterial pressure), respiratory rate
(RR), arterial oxygen saturation measured
by pulse oximetry (SpO2), rectal tempera-
ture (RT), analgesia, sedation and motor
blocking were measured before drug
administration (baseline), 5, 10 and
15 min after sedative drug administration
and 15 min after epidural administration
until the end of the anaesthetic period.
The same investigator for the 3 treatments
confirmed analgesia or anaesthesia. Any
lack of analgesia (e.g. a strong positive
response to a noxious stimulus) was de-
termined after sedative drug administra-
tion, but before epidural administration
of the drugs in any treatment.

After epidural injections standard pain-
ful stimuli were measured using a 25-
gauge needle to assess superficial pain
(needle prick to the skin) and with the
response to the pressure of a haemostatic
forceps (closed to the 1st ratchet) to assess
deep pain. These painful stimuli were ap-
plied to the skin of both lateral aspects of
the hind limbs, perineum and upper
and lower abdominal wall. Each treat-
ment ended when responses to a noxious
stimulus were similar to the response
observed before drug administration.
Analgesia was determined using the fol-
lowing scale: 1 = strong reaction to pain-
ful stimulus, 2 = depressed reaction to
painful stimulus, 3 = analgesia (no
response to superficial needle-prick stim-
ulation of the skin) and 4 = anaesthesia
(no response to pressure of haemostatic
forceps applied to the skin). Motor-blocking
effects were evaluated using the follow-
ing scale: 1 = normal motor function, 2 =
mild motor incoordination (cat has diffi-
culty maintaining a standing position),
3 = ataxic (cat is recumbent, with move-
ment of hind limbs) and 4 = severely
ataxic (cat is in sternal recumbency, in
frog-like position, without movement of

hind limbs; Fig. 1). During sedation, be-
fore and after epidural administration of
the drugs, sedation was evaluated using
the following scale: 1 = no sedative ef-
fects, 2 = mild sedation (reduced alert-
ness, some response to acoustic stimuli),
3 = moderate sedation (drowsiness, head
down, mydriasis, moderate palpebral re-
flex) and 4 = marked sedation (lateral or
sternal recumbency, no response to
acoustic stimuli, mydriasis, head down,
weak palpebral reflex).

SAP, DAP and MAP were measured
using a non-invasive device (RX-300A

cardiac monitor; Transmai Equipamentos
Médicos Hospitalares); the cuff was placed
over the ulnar artery, on the forearm.
Arterial blood pressure was measured by
the oscillometric method. A sensor affixed
to the clipped tail measured SpO2. HR
was measured using electrocardiography,
RR was determined as the number of
chest movements per minute, and RT was
obtained with a digital thermometer. All
cardiovascular and respiratory variables
were recorded before noxious stimulation
to establish baseline values.

To assess the diffusion length of soluble
drugs within the epidural space at differ-
ent intervals, we made superficial skin
pricks and applied deep pressure with
haemostatic forceps to the skin at adjacent
dermatomic regions, beginning at the tail
and proceeding cranially up to the caudo-
dorsal rib areas. Response to noise and to
sudden movements of personnel was also
recorded.

All data were analysed using SAS soft-
ware (SAS Institute). For each treatment, a
randomised complete block design was
used in which time was the treatment and
each of the 6 animals was a block. For the
dependent variables HR, RR, SAP, DAP,
MAP and RT, an analysis of variance was
performed and a post hoc Dunnett’s test

was applied when the treatment response
differed from baseline (time 0). For analge-
sia, sedation and motor-dependent vari-
ables, non-parametric statistics were used
(Friedman’s test), followed by multiple
comparisons for ranked data using
Dunnett’s test, with time 0 as a baseline.
In each analysis, differences were consid-
ered significant if P < 0.05.

RESULTS
Sedation induced by xylazine was effec-

tive in all cats, with duration of 2 or 3 h
(grade 3 or 4). Ketamine alone or in combi-
nation with lidocaine did not produce
any sign of sedation compared with
xylazine. However, animals in all treat-
ment groups demonstrated severe ataxia
(grade 4). Response to a pinprick or re-
sponse to the pressure of haemostatic
forceps provided a satisfactory indication
regarding the efficacy of analgesia in the
skin of the hind limbs, perineum and
abdominal wall regions during the post-
injection period in sedated cats.

Onset of complete analgesia (not signif-
icantly different; P < 0.05) was earlier in
all treatments (2.2 ± 1.0 min) after
epidural administration of the drugs.
Duration of analgesia was comparable
among the different treatments. The
ketamine/lidocaine combination produced
a longer duration of analgesia (137 ±
14.3 min) than did ketamine (70 ±
6.3 min) or lidocaine (69 ± 13 min) alone
(Fig. 2). The cranial spread of analgesia
obtained with the KL treatment was
similar to K or L alone, extending to
dermatomic region T13-L1. The ataxic
effect and the analgesic effect of lidocaine
alone were similar (66 ± 15 min and 69 ±
13 min, respectively), whereas the keta-
mine treatment induced a shorter period
of ataxia (53 ± 9.6 min; P < 0.05).
Although the KL treatment led to a period
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Fig. 1: Cat in sternal recumbency without movement in the hind limbs and with the hind
limbs spread open laterally (frog-like position).



of ataxia of 96 ± 17 min, it induced analge-
sia for approximately140 min.

After sedation and epidural administra-
tion, all animals in all treatment groups
had a significant decrease (P < 0.05) in HR
compared with baseline; this decrease
was more prolonged in the KL treatment
group, starting from 15 min after injection
and lasting until the end of the experiment.
The K treatment decreased HR signifi-
cantly (P < 0.05) at all time points, and the
L treatment decreased HR significantly
from 15 to 120 min after injection. Epi-
dural injection of ketamine and of
ketamine/lidocaine induced a significant
decrease (P < 0.05) in SAP in the period
from 75 to 105 min and 75 to 90 min,
respectively. DAP decreased significantly
in the K treatment group from 60 to
105 min after injection, and from 45 to
90 min in the KL treatment group. In
addition, we observed an important
decrease (P < 0.05) in MAP in the K treat-
ment group at 60–105 min and in the KL
treatment group at 30–105 min. Arterial
pressures (SAP, DAP and MAP) did not
show considerable alterations after the L
treatment compared with baseline. K, L
and KL treatments did not cause statisti-
cal differences in RR in any time point.
SpO2 decreased significantly in the K
(10–15 min), L (5–60 min) and KL
(5–15 min) treatment groups compared
with baseline. The K, L and KL treatments
induced a significant decrease in RT (P <
0.05) but at different times: K treatment,
90–120 min; L treatment, 105–120 min;
and KL treatment, 45–180 min (Tables 1
and 2).

DISCUSSION
In this study involving 6 cats, sedation

before epidural administration of the
study drugs was effective and permitted

epidural punctures. Although alpha
2-adrenoceptor agonists induce moderate
to deep sedation and analgesia in dogs
and cats, this class of drugs does not
produce the anaesthesia required for
painful surgical interventions16. In some
surgical procedures, such as orthopaedic
surgery on a hind limb or a caesarean
section, it is more humane and conve-
nient to sedate the cat heavily20. Several
studies have demonstrated that use of
general anaesthesia is usually mandatory
in the cat1,20,31.

The results of this study establish that
the epidural combination of ketamine
and lidocaine produces analgesia in the
regions of the skin of the hind limbs,
perineum and abdominal wall in cats for a
duration double that achieved with the
administration of ketamine or lidocaine
alone.

The associated hypotension produced
by the sympathetic blockade occurs be-
cause of the epidural injection of local
anaesthetic agents. This effect is particu-
larly harmful in animals undergoing
caesarian sections and in vulnerable, un-
stable patients29. The vasodilatation pro-
duced by sympathetic blockade induced
by epidurally injected local anaesthetics
decreases the duration of analgesia14,32.
Varying sensitivities of nerves to local
anaesthetics may result in clinically im-
portant differential blockade of somatic
sensory fibres and pre-ganglionic sympa-
thetic fibres8.

Recently, there has been renewed inter-
est in using diluted solutions of the agents
in the epidural space to generate a sensory
block loss or analgesia without interfering
with motor function. However, in animals
and humans, there is no evidence of
neurological injury after repeated intra-
thecal injection of preservative-free
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Fig. 2: Median analgesia score in response a standard noxious stimulus to the hind limbs,
perineum and abdominal wall after epidural administration of ketamine (K 2.5 mg/kg),
lidocaine (L 4.0 mg/kg) or ketamine/lidocaine (KL) in 6 cats. The following scale was used:
1 = strong reaction to painful stimulus, 2 = depressed reaction to painful stimulus, 3 = anal-
gesia (no response to superficial needle-prick stimulation of the skin) and 4 = anaesthesia (no
response to pressure of haemostatic forceps applied to the skin). Values for aKL, bL, and cK
differed significantly (P < 0.05) from baseline (time 0) values.
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ketamine6. In our study, lidocaine in
combination with ketamine produced
analgesic/anaesthetic block lasting twice
as long as that observed with use of each
drug alone. A high concentration of local
anaesthetic inside the nerve fibres is
required for a longer period of anaesthe-
sia15,23. However, this high concentration
can increase neurotoxicity and prolong
hypotension17,19. Like local anaesthetics,
ketamine caused a dose-dependent in-
crease in the duration of the nociceptive
response in horses9 and goats10. In the
present study, ketamine 2.5 mg/kg pro-
duced approximately 70 min of analgesia
in regions tested, whereas this dose com-
bined with lidocaine produced 140 min of
analgesia. Lamont (2002)21 recommended
that cats be given lidocaine 4 mg/kg or
bupivacaine 1.0 mg/kg , in a final volume
of 1 m per 4.5 kg body weight, with or
without morphine (0.1 mg/kg). These
combinations are useful for providing
long-lasting postoperative analgesia with
no loss of motor function. Ketamine is a
non-competitive antagonist of NMDA
receptors and interacts with opioid,
monoaminergic and muscarinic receptors
and with voltage-sensitive Ca2+ chan-
nels18 in the spinal cord.

Some level of analgesia occurred in all 6
cats 2 to 4 min after epidural administra-
tion of ketamine, lidocaine or the
ketamine/lidocaine combination in all
anatomical regions, but intensity and
duration varied. The K and L treatments
had similar times between analgesic and
motor blocks. The L treatment was associ-
ated with a longer period of ataxia com-
pared with the analgesic period. Epidural
injection of ketamine does not enable the
drug to reach motor fibres, but when the
drug is administered in combination with
adrenaline, it causes motor blockage5. In
this study, epidural administration of
ketamine induced ataxia and recumbency,
suggesting a possible action of the drug as
a local anaesthetic. The ketamine/lido-
caine combination induced a longer inter-
val of ataxia, which, however, was shorter
than the period of analgesia.

Systemically, ketamine affects the car-
diovascular system, with increased HR,
systemic and pulmonary arterial blood
pressure, systemic and pulmonary vascu-
lar resistance30 and respiratory depression
in humans7. Ketamine probably increases
HR for the most part through a centrally
mediated, generalised increase in sympa-
thetic tone4. Ketamine produces its
sympathomimetic actions primarily by
direct stimulation of central nervous
system (CNS) structures37. In this study, K,
L, and KL treatments decreased HR
significantly. We suppose that this effect
occurred because of sedation with xyla-

zine before administration of the drugs,
given that after epidural injections, HR
remained stable until the end of the
experiment. The central actions of alpha
2-adrenergic drugs, such as xylazine,
decrease sympathetic outflow and in-
crease parasympathetic outflow from the
CNS and cause decreased adrenergic
activity, hypotension and bradycardia13.
The positive chronotropic effects of
ketamine probably temporarily and
partially counterbalance the bradycardic
effect of alpha 2-adrenergic agonists28. In
this study, all treatments decreased
arterial blood pressure, with ketamine
and the ketamine/lidocaine combination
producing decreases significantly differ-
ent from the control at several times.
Other studies involving epidural or
subarachnoid injections of ketamine
alone or in combination did not induce
alterations in arterial blood pressure in
goats11 or horses14. This finding was proba-
bly due to sedation with xylazine, volume,
the application site or the animal species.
In this study, epidurally administered
ketamine, lidocaine and ketamine/lido-
caine did not induce alterations in RR in
cats. However, saturation of peripheral
O2 decreased in all treatments at different
times. This decrease began before
epidural administration of the drugs.
Therefore, it was concluded that this
alteration was due to pre-sedation with
xylazine.

RT decreased at a later stage in all treat-
ment groups in this study. Alpha 2-agonists
have been reported to induce prolonged
depression of thermoregulation3,16. These
agents have also been found to depress
hypothalamic noradrenergic alpha
2-receptors and cause hypothermia24. The
decrease in body temperature after
xylazine administration in the present
study is in keeping with findings of other
reports concerning use of alpha 2-agonist
drugs in cats3,16,33. The decrease in RT can
also be explained by the cutaneous
vasodilatation caused by epidural injec-
tion of lidocaine11 or ketamine22. Other
factors such as reduced muscular activity,
generalised sedation and direct effects on
thermoregulation in the CNS by sedative
and analgesic agents can lead to this
decrease in RT in cats.

CONCLUSIONS
Administration of the combination of

S(+)-ketamine (2.5 mg/kg) and 2 %
lidocaine (4.0 mg/kg) via the epidural
space is a more effective means of increas-
ing duration of analgesia in healthy cats
than the administration of ketamine or
lidocaine alone, with a decrease in heart
rate and little interference in arterial
blood pressure. Epidural administration
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of ketamine/lidocaine produces ataxia,
but with a shorter duration compared
with the period of analgesia. However,
further investigations of the dose–re-
sponse relationship needs to be under-
taken.

ACKNOWLEDGEMENTS
The EQUALI (Rural Qualification

School) and FUNDECT (Foundation of
Teaching, Science, and Technology Devel-
opment, Mato Grosso do Sul, Brazil)
funded this study. We thank Fabrício
Oliveira Frazílio for assistance with statis-
tical analysis.

REFERENCES
1. Adetunji A, Adewoye C O, Ajadi R A 2002

Comparison of epidural anaesthesia with
lignocaine or xylazine in cats. Veterinary
Journal 163: 335–336

2. Akerman B, Arwestrom E, Post C 1988 Local
anesthetics potentiate spinal morphine
antinociception. Anesthesia and Analgesia 67:
943–948

3. Ansah, O B, Raekallio M, Vainio O 1998
Comparison of three doses of dexmedeto-
midine with medetomidine in cats follow-
ing intramuscular administration. Journal of
Veterinary Pharmacology and Therapeutics 21:
380–387

4. Appel E, Dudziak R, Palm D, Wnuk A 1979
Sympathoneuronal and sympathoadrenal
activation during ketamine anaesthesia.
European Journal of Clinical Pharmacology 16:
91–95

5. Bion D L 1984 Intrathecal ketamine for war
surgery: a preliminary study under field
conditions. Anaesthesia 39: 1023–1028

6. Borgbjerg F M, Svensson B A, Frigast C,
Gordh T Jr 1994 Histopathology after
repeated intrathecal injections of preserva-
tive-free ketamine in the rabbit: a light and
electron microscopic examination. Anesthe-
sia and Analgesia 79: 105–111

7. Bourke D L, Malit L A, Smith T C 1987
Respiratory interactions of ketamine and
morphine. Anesthesiology 66: 153–156

8. Butterworth J F IV, Strichartz G R 1990
Molecular mechanisms of local anesthesia:
a review. Anesthesiology 72: 711–734

9. DeRossi R 1996 Acción de la ketamina
epidural en el caballo–estudio experimen-
tal. PhD thesis, Facultad de Veterinaria,
Universidad Complutense de Madrid,
Spain

10. DeRossi R, Junqueira A L, Beretta M P 2003
Analgesic and systemic effects of ketamine,
xylazine, and lidocaine after subarachnoid
administration in goats. American Journal of
Veterinary Research 64: 51–56

11. DeRossi R, Junqueira A L, Lopes R A,
Beretta M P 2005 Use of ketamine or lido-
caine or in combination for subarachnoid
analgesia in goats. Small Ruminant Research
59: 95–101

12. Duce B R, Zelechowski K, Camougis G,
Smith E R 1969 Experimental epidural
anaesthesia in the cat with lignocaine and
amethocaine. British Journal of Anaesthesia
41: 579-587

13. Flacke J W 1992 Alpha2-adrenergic agonists
in cardiovascular anaesthesia. Journal of
Cardiothoracic and Vascular Anesthesia 6:
344–359

14. Gómez de Segura I A, DeRossi R, Santos M,
San-Roman J, Tendillo F J, San-Roman F
1998 Epidural injection of ketamine for
perineal analgesia in the horse. Veterinary
Surgery 27: 384–391

15. Gómez de Segura I A, Vasquez I, De Miguel
E 2000 Antinociceptive and motor-blocking
action of epidurally administered IQB-9302
and bupivacaine in the dog. Regional
Anesthesia and Pain Medicine 25: 522–528

16. Granholm M, McKusick B, Westerholm F C,
Aspegren J C 2006 Evaluation of the clinical
efficacy and safety of dexmedetomidine or
medetomidine in cats and their reversal
with atipamezole. Veterinary Anaesthesia and
Analgesia 33: 214–223

17. Grubb T L, Riebold T W, Huber M J 1992
Comparison of lidocaine, xylazine, and
xylazine/lidocaine for caudal epidural
analgesia in horses. Journal of the American
Veterinary Medical Association 201: 1187–1190

18. Hirota K, Lambert D G 1996 Ketamine:
its mechanism(s) of action and unusual
clinical uses. British Journal of Anaesthesia 77:
441–444

19. Hodgson P S, Neal J M, Pollock J E, Liu S S
1999 The neurotoxicity of drugs given
intrathecally (spinal). Anesthesia and Analge-
sia 88: 797–809

20. Jones R S 2001 Epidural analgesia in the dog
and cat: a review. Veterinary Journal 161:
123–131

21. Lamont L A 2002 Feline perioperative pain
management. Veterinary Clinics of North
America: Small Animal Practice 32: 747–763

22. Lin M T, Chen C F, Pang I H 1978 Effect of
ketamine on thermoregulation in rats.
Canadian Journal of Physiology and Pharmacol-
ogy 56: 963–967

23. Lumb W V, Jones E W 1984 Spinal anesthesia.
In Lumb and Jones’ Veterinary anesthesia (2nd
edn). Lea & Febiger, Philadelphia: 408–415

24. MacDonald E, Scheinin H, Scheinin M 1988
Behavioural and neurochemical effects of
medetomidine, a novel veterinary sedative.
European Journal of Pharmacology 158: 119–
127

25. Malinovsky J M, Pinaud M 1996 Neuro-
toxicité des agents administrés par voie
intrathécale. Annales françaises d’anesthésie et

de réanimation 15: 647–658
26. Mayer M L, Miller R J 1990 Excitatory amino

acid receptors, second messengers and
regulation of intracellular Ca2+ in mamma-
lian neurons. Trends in Pharmacological
Science 11: 254–260

27. Miaskowski I C 1992 Comments on the
evaluation of drug interactions using
isobolographic analysis and analysis of
variance. Pain 51: 381–388

28. Moens Y, Fregetton X 1990 A comparative
study of medetomidine/ketamine and
xylazine/ketamine anaesthesia in dogs.
Veterinary Record 127: 567–571

29. Nolte I, Watney G C G 1983 Cardiovascular
effects of epidural block in dogs. Journal of
Small Animal Practice 24: 17–21

30. Reich D L, Silvay G 1989 Ketamine: An
update on the first 25 years of clinical expe-
rience. Canadian Journal of Anaesthesia 36:
186–197

31. Robertson S A, Taylor P M 2004 Pain
management in cats – past, present and
future. Part 2. Treatment of pain – clinical
pharmacology. Journal of Feline Medicine and
Surgery 6: 321–333

32. Sakura S, Sumi M, Yamada Y, Saito Y,
Kosaka Y 1998 Quantitative and selective
assessment of sensory block during lumbar
epidural anaesthesia with 1 % or 2 %
lidocaine. British Journal of Anaesthesia 81:
718–722

33. Selmi A L, Mendes G M, Lins B T, Figueiredo
J P, Barbudo-Selmi G R 2003 Evaluation of
the sedative and cardiorespiratory effects
of dexmedetomidine, dexmedetomidine-
butorphanol, and dexmedetomidine-keta-
mine in cats. Journal of the American Veteri-
nary Medical Association 222: 37–41

34. Skarda R T 1996 Local and regional anes-
thetic and analgesic techniques: dogs. In
Thurmon, J.C., Tranquilli, W.J., Benson, G.J.
eds. Lumb & Jones’ veterinary anesthesia (3rd
edn). Williams & Wilkins, Baltimore: 434–
447

35. Slingsby L S, Lane, E C, Mears E R, Shanson
M C, Waterman-Pearson A E 1998 Postoper-
ative pain after ovariohysterectomy in the
cat: a comparison of two anaesthetic
regimens. Veterinary Record 143: 589–590

36. Tung A S, Yaksh T L 1982 The antino-
ciceptive effects of epidural opiates in the
cat: studies of the pharmacology and the
effects of lipophilicity in spinal analgesia.
Pain 12: 343–356

37. White P F, Way W L, Trevor AJ 1982
Ketamine–its pharmacology and therapeu-
tic uses. Anesthesiology 56: 119–136

38. Zeilhofer H U, Swandulla D, Geisslinger G,
Brune K 1992 Differential effects of keta-
mine enantiomers on NMDA receptor cur-
rents in cultured neurons. European Journal
of Pharmacology 213: 155–158

0038-2809 Jl S.Afr.vet.Ass. (2009) 80(2): 79–83 83



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AmazoneBT-Regular
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.01000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 800
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00500
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


