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buprenorphine and butorphanol for postoperative
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One hundred and fifty-three cats undergoing surgery in seven veterinary
practices in Great Britain were studied. They were randomly allocated to receive
either 10e20 mg/kg buprenorphine or 0.4 mg/kg butorphanol with
acepromazine before anaesthesia with propofol, Saffan or thiopentone and
isoflurane or halothane. Routine monitoring was undertaken. Pain and sedation
were assessed blind using a four point (0e3) simple descriptive scale (SDS) at 1,
2, 4, 8 and 24 h. Pain and sedation data were compared using non-parametric
statistical tests and continuous data using t tests or analysis of variance
(ANOVA). Anaesthesia and surgery were uneventful, and cardiorespiratory data
were within normal limits. After surgery, overall, more cats had pain score
0 after buprenorphine and more had pain score 3 after butorphanol (P¼ 0.0465).
At individual time points, more cats had lower pain scores after buprenorphine
at 2 (P¼ 0.040) and 24 (P¼ 0.036) h. At 24 h 83% after buprenorphine and 63%
after butorphanol had pain score 0 (P< 0.04). Buprenorphine provided better
and longer lasting postoperative analgesia than butorphanol.
Date accepted: 4 September 2009 � 2009 ISFM and AAFP. Published by Elsevier Ltd. All rights reserved.
C
ats are now one of the most popular pets; in
the UK alone, the population was 7.2 million
in 2008.1 Most pet cats are neutered, hence,

even without any other treatment, millions of cats un-
dergo at least one surgical procedure. Unfortunately,
cats still receive less treatment for perioperative pain
compared with dogs, even after similar surgery.2e8

Recently the need for analgesia in cats has become
better acknowledged, and many clinical and research
studies have been undertaken to address the
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deficiency. These have been reviewed in the last few
years.9e11

Mu (OP3) opioid receptor agonists are generally ac-
cepted as providing the best analgesia, and morphine
is still regarded as the gold standard analgesic.12

Myths about morphine-induced mania in cats have
prevented wide use of morphine in this species, in
spite of clear demonstration that, at doses used clini-
cally in other species, morphine is both effective and
does not cause mania.13 However, in at least dogs
and man, some of morphine’s analgesic effect is due
to production of morphine metabolites, particularly
morphine 6 glucuronide14 and, as cats appear to
have limited ability to produce such metabolites15,
this may result in less effective morphine analgesia
in this species. In addition, morphine frequently
d AAFP. Published by Elsevier Ltd. All rights reserved.

mailto:polly@taylormonroe.co.uk


248 PM Taylor et al
causes vomiting13,16 and, overall, alternative opioids
may result in better analgesia in cats.

Buprenorphine, usually regarded as a partial mu
(OP3) agonist opioid,17 was originally developed in
the 1970s for treatment of drug addicts as well as for
analgesia.18 It was first investigated in veterinary pa-
tients in the 1980s in a study of postoperative analge-
sia in dogs.19 Buprenorphine has since become the
most popular opioid used in small animal practice
in Great Britain4 and is also widely used in the rest
of Europe, Australia and South Africa.3,5 It now holds
market authorisation for dogs and cats in Great Brit-
ain and it has been widely used in these and many
other species for decades.20 In laboratory animals bu-
prenorphine has been shown to have a ‘bell shaped’
doseeresponse curve21 indicating that higher doses
decrease the analgesic effect. This has led to label re-
strictions on the dose and dosing interval, but serious
clinical relevance has never been demonstrated.9

Butorphanol is a kappa-opioid (OP2) receptor ago-
nist that has held market authorisation for analgesia
in cats for a number of years. It is also commonly
used in combination with a2 agents and ketamine
for anaesthesia in this species,22 but there are no pub-
lished data reporting analgesic performance of the tri-
ple combination.

Although butorphanol has been used for many
years, its analgesic effect for many clinical procedures
has often been challenged.23e25 Laboratory investiga-
tions suggest that buprenorphine may provide better
and longer lasting analgesia; for example, a much lon-
ger duration of thermal antinociception was reported
after intramuscular (IM) buprenorphine (up to 12 h)
compared with morphine (up to 6 h) and butorphanol
(up to 30 min).16 Lascelles and Robertson26 reported
1e2 h thermal antinociception after 0.1e0.4 mg/kg bu-
torphanol. Mechanical antinociception was also only of
90 min duration.27 Visceral analgesia (0.1 mg/kg IV or
0.4 SC) lasted 5e6 h in a model producing pain by infla-
tion of a rectal balloon.28 In contrast, one investigation
differs from the rest and reported butorphanol-induced
thermal antinociception of 8 h, longer than that pro-
duced by buprenorphine.29

There have been numerous clinical studies investi-
gating postoperative analgesia induced by either bu-
prenorphine or butorphanol, but no comparisons
between them. Three early investigations reported
that buprenorphine produced better analgesia than
morphine30 oxymorphone31 and pethidine.32 More re-
cent studies have demonstrated that buprenorphine, al-
though providing analgesia, did not perform as well as
non-steroidal anti inflammatory drugs (NSAIDs).33,34

Most clinical studies of butorphanol indicate postoper-
ative pain relief of a few hours duration.35e38 Those re-
porting longer periods included repeat dosing.39e41 As
with buprenorphine, NSAIDs provided better postop-
erative analgesia than butorphanol.38,42

The aim of this investigation was to compare the ef-
fects of buprenorphine and butorphanol in providing
postoperative analgesia in cats after routine surgery in
general practice. A secondary aim was to examine the
effect of any higher and repeated doses of buprenor-
phine to elucidate the clinical relevance of the bell
shaped doseeresponse curve. The study was con-
ducted under ATC number 00117/2004. Some of the
data were presented at the spring conference of the
Association of Veterinary Anaesthetists in 2006.43
Materials and methods

Animals

Domestic cats admitted for surgery at seven veteri-
nary practices in the UK were enrolled. Informed con-
sent was obtained prior to entry of the cat into the
trial. At admission, the cats were randomly allocated
to receive buprenorphine (Vetergesic; Alstoe Animal
Health) or butorphanol (Torbugesic; Fort Dodge Ani-
mal Health) at label or proposed label doses. Drinking
water was available ad libitum prior to premedication
and after recovery from anaesthesia. Food was with-
held for at least 6 h prior to surgery. All cats under-
went a full clinical examination to ascertain their
health status. Biochemistry and haematology were un-
dertaken only if the clinical examination indicated an
abnormality that required further investigation. No
cats were excluded on grounds of health.
Premedication and anaesthesia

Cats were premedicated according to normal practice
routine with acepromazine (aim 10e50 mg/kg) IM
with or without atropine (0.01e0.1 mg/kg) and either
buprenorphine (aim 10e20 mg/kg IM) or butorphanol
(aim 0.4 mg/kg IM) approximately 60 min prior to in-
duction of anaesthesia. No other analgesics were
given. Anaesthesia was induced with propofol, Saffan
(Schering Plough Animal Health) or thiopentone
given intravenously (IV) to effect. Where the expected
duration of anaesthesia was more than a few minutes
the cat’s trachea was intubated and anaesthesia was
maintained with isoflurane or halothane in oxygen,
with or without nitrous oxide, using an appropriate
breathing system. Routine physiological monitoring,
always including heart and respiratory rate, took
place during anaesthesia and in the immediate post-
operative period. Where equipment was available
pulse oximetry and indirect arterial blood pressure
measurement using a Doppler signal were under-
taken. The return of signal on slow release of the
cuff pressure was taken as mean arterial pressure
(MABP).44 Standard antibiotic and intravenous glu-
cose and electrolyte solutions were given during
anaesthesia as required by the individual patient.
Assessment of pain and sedation

Pre- and postoperative pain and sedation were as-
sessed by an individual who did not know which
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opioid had been administered. Assessment was car-
ried out using a four point simple descriptive scale
(SDS) based on a previous study45 (see Table 1). Pain
was assessed before anaesthesia, and both pain and
sedation were assessed at 1, 2, 4, 8, and 20e24 h after
the end of anaesthesia (when maintenance agent
switched off). All assessments for a single cat were
carried out by one trained individual, but there were
one or two assessors at each clinic.

During the assessment period, repeat administra-
tion of the same dose of the same analgesic was given
if required, followed by rescue analgesia with carpro-
fen 4.0 mg/kg subcutaneously (SC) if the repeat
dosing did not alleviate the pain.
Statistical analysis

Power calculations were based on best estimates from
experience of use of the two opioids in cats. Using
pain scores at the 2-h time point as the primary vari-
able, with an expected distribution of 0 pain score
55:45 (buprenorphine: butorphanol), at 80% power,
160 cats per group (320 total) were proposed, allowing
10% withdrawal.

The data were analysed by techniques suited to para-
metric and non-parametric data as appropriate. Stu-
dent’s t test was used to compare single numerical
normally distributed data such as body weight. Non-
parametric data such as type of surgery were compared
using the c2 test. Numerical data collected over time,
such as pulse and respiratory rates, were compared us-
ing two-way repeated measures ANOVA followed by
Dunnett’s test when a significant difference was de-
tected. Summary overall comparison of all postopera-
tive pain and sedation scores from each group
(comprising five scores for each cat� number of cats
in the group) were compared using the ManneWhitney
test. The c2 test with Bonferroni correction for multiple
comparisons was used to compare the groups at each
data point. GraphPad Prism was used for all analyses.
Table 1. Simple descriptive scales for sedation and

Score Description

Pain scores
0 No pain Cat is in no
1 Mild pain Cat looks n
2 Moderate pain Cat may loo

staring and
3 Severe pain Cat looks m

Sedation scores
0 No sedation Cat is in no
1 Mild sedation Cat looks n
2 Moderate sedation Cat appears
3 Extreme sedation Cat is asleep
P< 0.05 was considered significant. Numerical data
are presented as mean� SD unless otherwise stated.
Results
Interim analysis of the pain assessment data after 156
cats had been enrolled indicated a significant differ-
ence between the groups; hence, data collection was
stopped before the planned 160 per group had been
included. Post induction data were not collected
from three of the 156 cats as one proved too aggressive
to allow any assessments, and two others became ag-
gressive after premedication (butorphanol group).
Hence 153 cats were studied, 83 given buprenorphine
and 70 given butorphanol.

There were no differences between the groups with
respect to age, sex, body weight, breed or type and
duration of surgery (Table 2). Most cats were domestic
shorthairs undergoing neutering, but a number of
other procedures was also included (Table 3).

All cats received acepromazine (54e56 mg/kg) as
part of the premedication, and atropine was also
given to 17 cats in the buprenorphine group and 14
in the butorphanol group. The mean dose of bupre-
norphine was 13 mg/kg, but doses ranged between 8
and 21 mg/kg. Eighteen cats received more than
18 mg/kg. The mean dose of butorphanol was
0.4 mg/kg, although doses ranged between 0.31 and
0.57 mg/kg. Most cats received propofol and isoflur-
ane, but Saffan, thiopentone and halothane were also
used in both groups. There were no significant differ-
ences between the groups in the dose or identity of the
anaesthetics used (Table 4). No attempt was made to
assess the degree of sedation provided before anaes-
thesia. However, a number of comments were re-
corded describing the good quality of sedation in
both groups at the time of induction. Two cats became
aggressive in the butorphanol group, leading to a dif-
ficult induction.

Surgery lasted 20� 12 and 23� 14 min in the bu-
prenorphine and butorphanol groups respectively
analgesia.

Behaviour

rmal posture, no response to wound palpation
ormal but responds to firm wound pressure
k slightly abnormal, eg, hunched posture/coat
responds to gentle wound pressure
iserable and cannot bear wound to be touched

rmal posture, normal response to contact with assessor
ormal but slower response to assessor than normal

sleepy and minimal response to assessor contact
. No response to assessor



Table 2. Age, body weight, breed and sex of 153 cats studied. No significant differences between
groups.

Group Buprenorphine n¼ 83 Butorphanol n¼ 70

Age
Mean� SD (range)

23� 45 months
(4e222) (max 18.5 years)
65%< 10 months

18� 33 months
(3e156) (max 13 years)
70%< 10 months)

Body weight
Mean� SD (range)

3.0� 0.8 kg
(1.4e5.4)

2.9� 0.6 kg
(1.7e4.8)

Sex % distribution 34 male 23 male
62 female 70 female
2 neutered male 0 neutered male
2 neutered female 7 neutered female

Breed % distribution 82 DSH 86 DSH
11 DLH 7 DLH
7 pedigree 7 pedigree

DSH¼ domestic shorthair, DLH¼ domestic longhair.
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(P> 0.05). The time elapsed between administration
of premedication and the end of anaesthesia (time 0)
was 95� 62 and 87� 41 min after buprenorphine
and butorphanol respectively (P> 0.05).

Heart rate before anaesthesia was 166� 32 beats per
min (bpm) after buprenorphine and 163� 37 bpm after
butorphanol. During anaesthesia, the rate ranged from
158� 33 and 149� 33 bpm 5 min after induction to
153� 33 and 146� 29 bpm at 15 min in the buprenor-
phine and butorphanol groups, respectively. Respira-
tory rate before anaesthesia was 44� 16 breaths per
min after buprenorphine and 46� 15 per min after bu-
torphanol. During anaesthesia it remained at 26� 10
breaths per min in the buprenorphine group and
ranged from 25� 9 per min 5 min after induction to
23� 7 per min at 15 min in the butorphanol group.
There were no significant differences between the
groups in heart or respiratory rates during anaesthesia
and there were no reports of apnoea or bradycardia.

After anaesthesia, heart and respiratory rates re-
mained within normal limits, and no life threatening car-
diovascular or respiratory events occurred. Heart rate
was higher than before anaesthesia in both groups,
reaching a maximum at 30 min after anaesthesia of
180� 32 bpm after buprenorphine and 173� 41 bpm af-
ter butorphanol. At 2 h heart rate was higher
Table 3. Surgical procedures performed in 153 cats s

Group Buprenor

Surgical procedures % distribution 58 ovarohyst
31 castration
5 excision of
4 dental surg
1 orthopaedic
1 thyroidecto
(172� 25 bpm) in the buprenorphine group compared
with the butorphanol group (162� 28 bpm)
(P¼ 0.0362). Respiratory rate was lower than before an-
aesthesia in both groups, ranging from 30� 9 and 32� 9
breaths per min at 15 min to 34� 12 and 35� 17 breaths
per min at 4 h in the buprenorphine and butorphanol
groups, respectively. Respiratory rate was lower after
buprenorphine than after butorphanol at 1 h (31� 8 vs
35� 12 breaths per min, P¼ 0.0301) and 2 h (31� 9 vs
36� 13 breaths per min, P¼ 0.0129).

Pulse oximetry was carried out in 37 cats in the bu-
prenorphine group and 32 in the butorphanol group.
Oxygen haemoglobin saturation (SpO2) was generally
above 95%; only one cat, after buprenorphine, had
a transient reading below 90% (89%) when breathing
air. Indirect blood pressure monitoring was under-
taken in 16 cats in the buprenorphine group and 11
in the butorphanol group. MABP ranged between
87� 16 and 85� 16 mm Hg immediately after induc-
tion to 94� 20 and 88� 22 mm Hg at 30 min in the bu-
prenorphine and butorphanol groups, respectively.
There were no significant differences between the
groups in either SpO2 or MABP.

All cats recovered normally from anaesthesia, and
there was no significant difference between the groups
in the waning of sedation. Around one third of the cats
tudied. No significant differences between groups.

phine n¼ 83 Butorphanol n¼ 70

erectomy 70 ovarohysterectomy
22 castration

superficial mass 3 excision of superficial mass
ery 4 dental surgery

0 orthopaedic
my 1 thyroidectomy



Table 4. Anaesthetic agents used for premedication, induction and maintenance. No significant differ-
ences between groups.

Group Buprenorphine n¼ 83 Butorphanol n¼ 70

Premedication
Mean dose� SD
(range)

Buprenorphine 13� 4 mg/kg (8e21)
Acepromazine 54� 20 mg/kg (26e124)
Atropine 43� 14 mg/kg (16e58) n¼ 17

Butorphanol 0.4� 0.03 mg/kg (0.31e0.57)
Acepromazine 56� 20 mg/kg (24e120)
Atropine 47� 16 mg/kg (16e76) n¼ 14

Induction of
anaesthesia
Mean dose� SD
(range)

Propofol 7.6� 2.6 mg/kg (3.5e15.9) n¼ 64
Saffan 0.56� 0.15 ml/kg (0.29e0.78) n¼ 14
Thiopentone 14.9� 3.2 mg/kg (11.0e18.8)
n¼ 5

Propofol 7.5� 2.2 mg/kg (3.6e12.2) n¼ 52
Saffan 0.51� 0.16 ml/kg (0.25e0.74) n¼ 9
Thiopentone 16.5� 4.3 mg/kg (11.0e25.8)
n¼ 9

Maintenance of
anaesthesia %
distribution

69 isoflurane
10 halothane
20 none
1 further IV induction agent

75 isoflurane
7 halothane
17 none
1 further IV induction agent
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were still heavily sedated (score 2) 1 h postoperatively
but less than 10% had this score at 2 h. By 4 h after sur-
gery, only one cat, after butorphanol, was still moder-
ately sedated, and around 80% were fully conscious.

Preoperative pain scores in each group were not sig-
nificantly different. Postoperatively, overall pain scores
were significantly lower after buprenorphine than after
butorphanol (ManneWhitney test; P¼ 0.0465). At indi-
vidual time points, the difference between the groups
was significant at 2 h (c2 test; P¼ 0.040) and 24 h (c2

test; P¼ 0.036) after surgery (Fig 1). At all post surgical
time points there were more cats in the buprenorphine
with pain score 0 and more in the butorphanol group
with pain score 3.

Further analgesia with either buprenorphine or bu-
torphanol was required in 15% of the cats: 11 cats after
buprenorphine and 12 after butorphanol (P> 0.05).
Repeat analgesia was required 6.4� 6.3 (1e24) h after
surgery in the buprenorphine group and 5.6� 5.3
(1e14) h after surgery in the butorphanol group
(P> 0.05). The original dose of buprenorphine given
to cats that required further analgesia was
0.013� 0.004 (0.009e0.019) mg/kg. The time at which
further analgesia was required was not related to the
original dose given. Rescue analgesia with carprofen
was required in only two cats, both in the butorphanol
group, at 2 and 24 h after surgery.
Discussion
All the cats in the study were client-owned and highly
representative of the normal pet cat population. They
were typical of those normally admitted to general
veterinary practice clinics for surgery in that the ma-
jority were young domestic shorthair cats undergoing
neutering. However, a wide age range and some ped-
igree animals were also included, and a variety of
other common types of surgery was undertaken in
both treatment groups.

Anaesthetic and perioperative management was ac-
cording to the normal practice in each clinic. Hence,
a fair selection of anaesthetic protocols commonly used
in feline practice were represented. Any drug with anal-
gesic properties, such as the a2 adrenoceptor agonists,
ketamine and any NSAID, was excluded so that the an-
algesic effects of the two opioids were not confounded
by the co-administration of other classes of analgesics.

Pain assessment scales in cats have not yet been val-
idated as in dogs, and a variety of systems have been
used historically in clinical studies. Visual analogue
scales (VAS) are arguably the most powerful tool,
not least because parametric statistical analysis can
be used. However, in a multi-centre study with sev-
eral assessors, VAS scoring is inappropriate; it has
been shown that variability among observers ac-
counted for 32e36% of the total variability with
VAS, but that agreement was fair if a SDS was
used.46 The SDS used in this study was able to detect
a difference between the analgesic effects of buprenor-
phine and butorphanol in spite of the potential limita-
tions of this scoring system.

The study demonstrated that IM buprenorphine
(8e21 mg/kg) provided better analgesia than butor-
phanol (0.31e0.57 mg/kg) in the postoperative pe-
riod. Although no placebo group was included that
would demonstrate the extent of analgesia produced
by either agent, buprenorphine produced pain relief
over and above that of butorphanol, producing more
pain free cats (score 0) and fewer maximum pain
scores (score 3) than butorphanol. The significant dif-
ference at 24 h suggests that buprenorphine also pro-
vided pain relief of a considerably longer duration.

These clinical data are consistent with laboratory
reports where most investigations demonstrate that
buprenorphine produces antinociception for many
hours.16,47,48 There is no vomiting or dysphoria, and
generally, cats become sedated, appearing happy
and euphoric. In contrast, laboratory reports of butor-
phanol antinociception, with one notable exception,29

describe short periods of antinociception; dysphoria is
not uncommon26e28 but this was seen in only two cats
in this study.



Fig 1. Distribution of SDS pain scores in 153 cats before (pre-op) and after anaesthesia and surgery (1, 2, 4, 8 and 24 h)
following premedication with buprenorphine (n¼ 83) or butorphanol (n¼ 70). Overall scores in the buprenorphine group
were lower than in the butorphanol group (ManneWhitney U, P¼ 0.0465). Groups were significantly different at 2 h
(c2 test; P¼ 0.040) and 24 h (c2 test; P¼ 0.036).

252 PM Taylor et al
A number of other clinical studies have investi-
gated the postoperative effects of buprenorphine and
butorphanol, and results are consistent with the labo-
ratory data. Unfortunately, there are few placebo con-
trolled studies and many include other analgesics
such as ketamine, well known for its pre-emptive an-
algesic effect, making it difficult to assess the effect of
the opioid.36,38,49 Most reports indicate a relatively
short duration of effect of butorphanol, with the pe-
riod of analgesia lengthened by repeated dosing.39e41

Clinical reports of buprenorphine suggest longer last-
ing analgesia30 but this has not been rigorously exam-
ined under clinical conditions. The need for rescue
analgesia might elucidate the duration of analgesia
under clinical conditions. However, this study did
not show any difference between the groups in the
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need for rescue analgesia. This was given at the dis-
cretion of the treating clinicians, when pain was con-
sidered severe, generally at scores 2 and 3, and did
not highlight any differences between scores of
0 and 1. Hence, although there were more cats in the
buprenorphine group with a score of 0, compared
with the butorphanol group where more had score
1, none of these were given rescue.

The route of injection of buprenorphine appears in-
fluential, particularly when lower doses are used. Stud-
ies reporting that NSAIDs produced better pain relief
than buprenorphine used either 10 mg/kg, the subcuta-
neous (SC) route, or both.33,34 Smaller increases in
thermal threshold have been reported after SC bupre-
norphine compared with IV and transmucosal dos-
ing.13,47 A buprenorphine patch maintained similar
plasma concentrations to those reported after IV and
buccal dosing, without the initial peak; however, ther-
mal threshold did not increase.50 This result was con-
sidered likely to arise from the hysteresis between
plasma and effector site concentration. Presumably, ad-
equate effector site concentration was not reached be-
cause there was never a sufficient concentration
gradient to drive the drug to the effector site as would
occur, for instance, after IV administration. The SC
route is presumably intermediary between transdermal
and IV in achieving a sufficient concentration gradient,
resulting in less analgesic effect than IV.

One hour was allowed between premedication and
induction of anaesthesia. This was within normal
practice protocol, and allowed the full effects of ace-
promazine to develop.51 As onset and duration of bu-
torphanol appear to be sooner and shorter than of
buprenorphine16,26,47 this is likely to have influenced
the postoperative analgesic effect. Repeat dosing of
butorphanol may be more appropriate.

The dose of buprenorphine has commonly been re-
stricted as a result of early studies in laboratory ani-
mals demonstrating a ‘bell shaped’ doseeresponse
curve, where higher doses reduced the analgesic ef-
fect.21 The doses in those reports were much higher
than used in clinical pain treatment in dogs and
cats, and there is no evidence that increasing the
dose in cats several fold decreases the effect. Dose
related increases in mechanical antinociception oc-
curred when IV buprenorphine was increased from
10 to 40 mg/kg.52 Thermal antinociception did not in-
crease with increasing doses between 10 and 80 mg/
kg, as many thresholds reached the safety cut off tem-
perature,52,53 but increasing doses did not decrease
thermal antinociception. Data from the present study
are consistent with this. Doses of at least 20 mg/kg
were used successfully, and were not associated
with higher pain scores or the need for rescue analge-
sia. Repeat analgesia with buprenorphine in the 11
cases which required it led to improved comfort, not
a deterioration in pain relief. Overall data from a num-
ber of other investigations of buprenorphine analgesia
in cats30e34,54 suggest that doses greater than 10 mg/kg
provide better analgesia than lower doses.
An analgesic given preoperatively for postoperative
analgesia may affect the course of anaesthesia. Opioids
commonly reduce volatile anaesthetic requirements
and are usually beneficial in reducing the required
dose of sedatives and injectable anaesthetics. They may
however, exacerbate anaesthetic induced cardiopulmo-
nary depression. Both buprenorphine and butorphanol
have been widely used for premedication in cats and
are suitable opioids for this purpose. Akkerdass et al55

considered buprenorphine and acepromazine to be bet-
ter than midazolam/ketamine or medetomidine prior to
IV induction and isoflurane maintenance as cardiopul-
monary characteristics were acceptable. Ilkiw et al56

and Pypendop57 reported that both butorphanol and bu-
prenorphine reduced isoflurane MAC, but buprenor-
phine’s effect was less than after butorphanol or
morphine. Physiological data collected during anaesthe-
sia and in the recovery period in the present study indi-
cate that neither opioid had any deleterious effect on
vital function and were safely used for premedication
before general anaesthesia with a range of different an-
aesthetic agents. Heart and respiratory rates, MABP
and SpO2 were well within the normal range for cats un-
dergoing anaesthesia and surgery, and there were never
any moments where adequate cardiovascular and respi-
ratory function were in question. Only one cat, which
was breathing air, had an oxygen haemoglobin satura-
tion reading of 89% after buprenorphine. This was tran-
sient, and is only marginally below the accepted
minimum of 90%. Anaesthesia will always cause some
respiratory depression, and the decrease in respiratory
rate seen in both groups was not unusual. There were mi-
nor but statistically significant differences between the
two groups in both heart and respiratory rates postoper-
atively. However, all values were well within the normal
range and no significant biological effect can be attrib-
uted to this statistical difference. Neither opioid ap-
peared to result in unacceptably slow recovery, as most
cats were only mildly sedated 2 h after the end of
anaesthesia.

This investigation studied the effects of a single
analgesic drug in order to elucidate their individual
effects. However, although most cats were at least
moderately comfortable, it is becoming widely ac-
cepted that use of more than one type of analgesic,
multimodal analgesia, probably provides better post-
operative pain control. A combination of buprenor-
phine and carprofen produced better pain relief after
ovarohysterectomy in cats than either drug alone.58

It is also well recognised that there is considerable in-
dividual response to opioid analgesics in cats26,29,59

and each animal must be individually assessed to
provide the best clinical pain management.
Conclusions
Buprenorphine 10e20 mg/kg provided better and longer
lasting postoperative analgesia than butorphanol 0.4 mg/
kg. Both opioids provided satisfactory premedication be-
fore anaesthesia using a range of commonly used agents.
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