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A combination of medetomidine (M, 100 mg/kg), ketamine (K, 10 mg/kg) and
buprenorphine (B, 10 mg/kg), administered by intramuscular injection, was
evaluated for spaying and castration (neutering) of feral cats (n ¼ 101). Eleven
animals (11%) required supplemental anesthesia (isoflurane by mask) to
maintain an adequate plane of surgical anesthesia. Atipamezole (A, 125 mg/kg)
was administered subcutaneously at the completion of surgery. All cats
recovered from surgery and were released the following day. A hemoglobin
saturation (SpO2) value of <95% was recorded at least once during anesthesia in
all cats. This MKB combination can be used in a feral cat sterilization clinic, but
isoflurane supplementation may be necessary. Further research is indicated to
determine the clinical significance of the low SpO2 values associated with this
anesthetic regimen.
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I
n the United States the presence of approximately
60e100 million feral cats is associated with a vari-
ety of problems including public health concerns

and nuisance issues, as well as a significant loss of na-
tive wildlife.1,2 The welfare of the cats themselves is
also an important issue.1 One approach to reduce feral
cat populations is trapeneuterereturn (TNR).3e8

Trapeneuterereturn programs present several chal-
lenges and rely heavily on the predictability and
safety of anesthetic protocols. Cats are often of an un-
known weight, age and health status and injectable
protocols must be suitable for both males and females,
render the cats unconscious while still inside their
traps, provide adequate duration of action, analgesia
and a rapid return to normal function.

The combination of tiletamine, zolazepam, ketamine,
andxylazine (TKX)hasbeenused for feral cat anesthesia
because it is economical andeasily administered.9,10 It is,
however, associated with low hemoglobin oxygen satu-
ration (SpO2) values, prolonged recovery times, hypo-
thermia, and inadequate postoperative analgesia.9 We
hypothesized that a combination of medetomidine,
ketamine, and buprenorphine (MKB) would offer
several advantages over TKX for feral cat anesthesia.

Medetomidine (M) is a specific a2-adrenoceptor agonist
and provides sedation, muscle relaxation, and analge-
sia.11,12 A major advantage of medetomidine is that its
effects can be reversed with atipamezole. Ketamine hy-
drochloride (K), a short-acting dissociative anesthetic,
has some analgesic activity and few cardiopulmonary
depressant effects.13 Buprenorphine (B), a long-acting
partial opioid analgesic, is considered highly suitable
for perioperative pain management in cats.14e20

The objective of this study was to evaluate the anes-
thetic and physiological effects of MKB in feral cats
undergoing castration and ovariohysterectomy. The
drug doses used were based on a review of the litera-
ture and a pilot study (unpublished data, Meyer K;
Master’s thesis; College of Veterinary Medicine, Uni-
versity of Florida 2007).

Materials and methods

Animals

This study was pre-approved by the University of
Florida Institutional Animal Care and Use Committee.
Feral cats (n ¼ 101) admitted to two large-scale TNR
programs in Florida (Operation Catnip and Maddie’s
Outdoor Cat Program) were used in this study. Cats
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were captured from local colonies using commercially
available humane traps (Cat Trap number 106, Toma-
hawk Live traps) and underwent surgery at the Uni-
versity of Florida’s College of Veterinary Medicine.
Only apparently healthy cats, free from obvious signs
of upper respiratory infection or diarrhea, were in-
cluded. Based on size and appearance, most were as-
sessed to be adults (�1 year of age) (n ¼ 99), but two
cats estimated to be under 6 months of age (n ¼ 2)
were included.

Anesthesia

Each cat’s weight was determined by subtracting the
known trap weight from the combined weight of the
trap plus cat. Each cat received a combination of me-
detomidine HCl; 100 mg/kg (Domitor; Orion Corpora-
tion), ketamine HCl; 10 mg/kg (Ketaject; Phoenix
Pharmaceuticals), and buprenorphine HCl; 10 mg/kg
(Buprenex; Reckitt Benckiser Healthcare) mixed in
a single 1 ml or 3 ml syringe. In a 3 kg cat the total vol-
ume of injectate was 0.7 ml. The target injection site
was the paralumbar muscles. If the first injection of
MKB did not cause recumbency and lack of arousal
when the trap was gently turned over, after 10 min,
an additional dose of medetomidine (20 mg/kg) was
injected intramuscularly. If anesthesia remained inad-
equate at 15 min an additional dose of ketamine
(2.5 mg/kg) was injected intramuscularly. At the com-
pletion of surgery, each cat received 125 mg/kg of ati-
pamezole HCl (Antisedan; Orion Corporation, Espoo)
subcutaneously between the scapulae. Atipamezole
was repeated if a cat had not achieved sternal recum-
bency within 1 h.

Data collection

When cats showed no response to squeezing of their
digits they were removed from their traps. A pulse
oximeter sensor (Nellcor Puritan Bennett NPB-40,
Nellcor Puritan Bennett) was placed on the tongue
to monitor SpO2 and pulse rate. Heart rate was also
recorded by direct auscultation. Indirect blood pres-
sure was measured using a Doppler flow detector
(Ultrasonic Doppler Flow Detector, Model 811-B and
811-L, Parks Medical Electronics). The hair over the
palmar aspect of the carpus was shaved and conduc-
tive ultrasound gel was applied to the Doppler probe
which was secured directly over the digital arteries.
An appropriately sized (cuff width approximately
40% of the circumference of the forelimb) blood pres-
sure cuff (Classic-CUF; Critikon) was applied proxi-
mally and attached to a sphygmomanometer
(DuraShock Handheld aneroid sphygmomanometer,
Welch Allyn). The pressure (mmHg) at which the first
audible sound returned during cuff deflation was re-
corded as the systolic blood pressure; a reading of
<90 mmHg was considered hypotensive. Respiratory
rate was counted by observation and rectal

temperature was acquired using a standard electronic
thermometer (MABIS Healthcare).

A sterile petroleum-based ophthalmic lubricant
(Akwa Tears; Akorn) was applied to both eyes. Ap-
proximately 0.5 cm of the distal tip of the left ear
was removed for identification purposes using a sterile
hemostat and surgical scissors. The hair was clipped
(females) or plucked (males) from the surgery site
and the skin was prepared for surgery using alternat-
ing povidone iodine scrub solution and alcohol. Sur-
geries were aseptically performed and cats were also
vaccinated and given medications for internal and ex-
ternal parasites as previously described.10 Systolic
blood pressure (BP), respiratory rate (RR), SPO2 and
pulse rate (PR) was recorded at 5-min intervals fol-
lowing MKB injection. Temperature was measured
at the time of induction, at the completion of surgery,
and 5 min following atipamezole injection.

Cats were administered supplemental anesthesia
(isoflurane in oxygen delivered by mask using
a non-rebreathing system) if a response occurred
which was related to application of a noxious stimu-
lus; for example, limb withdrawal in response to
squeezing of the digits of the pelvic limbs prior to
the start of surgery, movement in response to a towel
clamp or during surgery. The need for additional in-
jectable anesthesia or the need for supplemental inha-
lational anesthesia was recorded for each cat.

Time intervals recorded were; MKB injection to lat-
eral recumbency, MKB injection until start of surgery,
surgical duration, atipamezole injection to sternal re-
cumbency, and total time recumbent. Apneustic
breathing and periods of apnea (defined as temporary
cessation of breathing for more than 1 min) were also
recorded.

Statistical analysis

SAS PROC MIXED (SAS Institute) was used to ana-
lyze data. Time intervals were compared separately
over time by means of a two-factor ANOVA (time-
fixed; subject-random) test. Temperatures were com-
pared over time using split-plot repeated measures
ANOVA with post hoc time comparisons by means
of Bonferroni’s t-test.

Comparisons between groups for time to surgery
and duration of surgery were by means of Wilcoxon
rank sum test.

The effect of more than one dose of MKB on total
time recumbent was evaluated using a two-way AN-
OVA test. Reversal to sternal time was compared be-
tween cats that did or did not require additional
MKB by means of an unpaired t-test.

The difference between physiological variables
upon the completion of surgery and 5 min following
atipamezole administration were compared in all
cats. Changes in physiological variables (BP, RR, PR,
and SpO2) before and after the reversal of medetomi-
dine were analyzed using split-plot repeated mea-
sures ANOVA. The significance level was set at

897Evaluation of medetomidine, ketamine and buprenorphine



P < 0.05. Data are shown as the mean � standard de-
viation (SD).

Results

Animals

A total of 53 males and 48 females were anesthetized
with MKB. Two cats were pregnant, two cats were lac-
tating, and three cats were already sterilized (one
male, two females). These cats were included in data
analysis. There was no significant difference in the
weight of male cats (3.2 � 0.2 kg) compared with fe-
male cats (2.9 � 0.1 kg).

Need for additional anesthesia

Eleven cats required a second injection of medetomi-
dine plus or minus ketamine. Seven male cats re-
ceived an additional injection of medetomidine, and
of these seven, three also received additional ket-
amine. Four females received additional medetomi-
dine and of those four, two also received ketamine.
Eleven cats (two males, nine females) required sup-
plemental inhalational anesthesia. Females required
supplemental anesthesia significantly more often
than males. Five of the nine females required inhaled
supplementation at some point after 45 min of suc-
cessful injectable anesthesia.

Adverse events

All cats were discharged alive from the clinic. Eight
cats (two males, six females) vomited within 5 min
of MKB injection. In six males a rapid, shallow breath-
ing pattern began immediately after induction and re-
mained throughout surgery. Obvious apneustic
breathing was observed in three males. Eight males
responded momentarily to the stimulus of castration
surgery (tension on the spermatic cord) by displaying
hind limb movements. Spontaneous movement (paw
extension and ear flicking) unrelated to a noxious
stimulus was observed in three females. Post-
induction apnea was observed in one cat. Retching
(n ¼ 1) and pawing at the mouth (n ¼ 6) in the post-
reversal period were also observed. One male cat
had a SpO2 value below 70% 10 min after injection
and appeared cyanotic. Administration of oxygen by
mask increased SpO2 values but the highest value re-
corded was 83%.

Time intervals

MKB induced lateral recumbency in 4.3 � 4 and
5.2 � 5.6 min in male and female cats, respectively.
There was no significant difference in time to lateral
recumbency between males and females. The time
(in minutes) from MKB injection until the start of sur-
gery was significantly longer in females (median 23,
25th and 75th interquartile range 19.6 and 25.4,

respectively) compared to males (median 15, 25th
and 75th interquartile range 13 and 19, respectively).
Similarly, surgical duration (in minutes) was signifi-
cantly longer in female (median 22.3, 25th and 75th in-
terquartile range 18 and 39.8, respectively) compared
to male cats (median 2.4, 25th and 75th interquartile
range 1.0 and 4.5, respectively).

Fourteen (six males, eight females) cats were given
a second injection of atipamezole. Time from injection
of atipamezole until time to sternal recumbency was
33.4 � 31.1 min for all cats and was not significantly
different between males and female cats. There was
no difference in time to sternal recumbency in cats
that received a second dose of medetomidine plus or
minus ketamine (n ¼ 11) compared to those that re-
ceived only one injection of MKB. There was also no
association between cats that received additional me-
detomidine plus or minus ketamine and cats that re-
quired a second injection of atipamezole.

The total time recumbent (including preparation,
surgery, and recovery) was significantly longer in fe-
males (86.9 � 27.1 min) compared to males
(64.7 � 36.2 min).

Physiological variables e blood pressure, pulse
rate, respiratory rate, SpO2, during anesthesia
(Table 1)

Blood pressure in males (range 91e195 mmHg) did
not change significantly over time. Blood pressure in
females (range 38e190 mmHg) decreased signifi-
cantly over time. Three female cats were considered
to be hypotensive. One had a systolic blood pressure
between 50 and 70 mmHg from 25 to 80 min, one
had a reading of 60 mmHg at 50 min and the third
cat had readings of 38, 60 and 66 mmHg at 35, 40
and 45 min post-injection. Twenty-two cats (seven fe-
males, 15 males) had a blood pressure measurement
of >160 mm Hg at least once during anesthesia.

Pulse rate inmales (range 77e176 beats/min)did not
significantly change over time. Pulse rate in females
(range 57e172 beats/min) significantly decreased
over time. One female cat had severe bradycardia
(pulse rate <60 beats/min) throughout anesthesia.

Hemoglobin oxygen desaturation was observed in
both males (range 36e99% SpO2) and females (range
73e100% SpO2) at the first recording time (5 min after
administration of MKB). SpO2 increased significantly
over time in both males and females. There was no
significant change in respiratory rate during anesthe-
sia in males (range 4e76 breaths/min) or females
(range 4e56 breaths/min).

Physiological variables (blood pressure, pulse
rate, respiratory rate, SpO2) before and after
reversal (Table 2)

Physiological variables obtained following the comple-
tion of surgery (pre-reversal) and 5 min following the
administration of atipamezole (post-reversal) were
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compared. Time of reversal was at 25� 7 (range 14e41)
and 55� 20 (range 29e113) min after administration of
MKB in males and females, respectively. Male and fe-
male blood pressures changed significantly over this
time period. Blood pressures in females were less
than blood pressures in males in both the pre-reversal
and post-reversal periods. Blood pressure was signifi-
cantly lower post-reversal when compared to pre-
reversal values in both males and females.

Pre-reversal pulse rate values in males were signif-
icantly greater than in females. There was no differ-
ence between male and female pulse rates in the
post-reversal period. Pulse rate values significantly in-
creased after reversal in both males and females.

SpO2 values increased in males and females follow-
ing administration of atipamezole. SpO2 values were
significantly lower in male cats at the time of reversal
and post-reversal when compared to female cats.

Rectal temperature

Rectal temperature was lower in females following in-
duction, at the time of reversal, and post-reversal
compared to males. Temperature overall decreased
as a function of time in both males and females. In-
duction, pre-reversal, and post-reversal temperatures
in males were 38.9 � 0.6�C, 38.2 � 0.7�C,
37.9 � 0.7�C and 38.7 � 0.5�C, 36.8 � 1.1�C,
36.7 � 1.2�C in females, respectively. No rectal tem-
perature below 34�C was recorded in male cats. One
female had a temperature of 33.1�C postoperatively.
Compared to values in the pre-reversal period, tem-
peratures in the post-reversal period were signifi-
cantly lower in males, but not in females.

Discussion
The protocol used in this study was considered rela-
tively easy to administer, although the total volume
of injectate was greater than in studies using TKX.9

Approximately 11% of cats required supplemental
anesthesia with isoflurane. This may be due to either
incomplete intramuscular delivery or unmet anes-
thetic requirements and individual variations in re-
sponse to anesthetic drugs. Female cats had
a greater need for ‘rescue’ anesthesia probably due
to lengthier preparation and surgical procedure
times.

Decreased respiratory rate and apnea have been de-
scribed previously in up to 80% of cats that received
medetomidine and ketamine.21,22 A decrease is SpO2

in the first 5 min following MKB administration was
common in the present study. One male cat had
a SpO2 value of 36% following MKB administration,
but responded to oxygen delivered via a face mask;
despite the low SpO2 values in many cats, only this
cat appeared cyanotic when the oral mucus mem-
branes were visualized. Medetomidine often results
in pale mucous membrane color due to vasoconstric-
tion and this was observed in our study. MakingT
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assumptions of the cat’s oxygenation status based on
mucus membrane color may be misleading. In addi-
tion, pulse oximetry is not always a reliable method
for predicting oxygen saturation of arterial blood in
patients when vasoactive drugs are administered.23

Severe vasoconstriction, low cardiac output, and hy-
potension reduce the pulsatile volume of blood in pe-
ripheral tissues which reduces signal strength and
quality of the pulse; this can lead to inaccurate values
as the sensor has difficulty distinguishing background
noise from true signal. Alpha2-agonist drugs increase
pulmonary vascular resistance and decrease cardiac
output, thus, another explanation for the low SpO2

values observed in this study may have been the re-
sult of ventilation perfusion mismatch together with
hypoventilation while breathing room air. We did
not collect arterial blood samples in this study, there-
fore, we do not know what the PaO2 values were in
these cats. A low SpO2 or hypoxemia could result in
abnormal organ function or cellular damage24; how-
ever, in this study it was not possible to determine if
there were adverse consequences.

In a previous study of MKB in cats which used
a lower dose of medetomidine (40 mg/kg), SpO2

values were 94 � 4%.25 These values also increased
over time, probably due to the waning effects of the
medetomidine. While low SpO2 values may increase
in response to supplemental oxygen, either by face
mask or after intubation, this is generally not feasible
in large-scale TNR clinics due to equipment limita-
tions and large numbers of cats undergoing anesthe-
sia at the same time. In addition, monitoring
equipment is rarely available for all cats at all times
in large scale TNR clinics, therefore, identifying cats
with a low SpO2 is a challenge. The consequences of
low SpO2 levels in cats anesthetized with MKB are
unknown.

In one study, heart rate in cats administered only
medetomidine (80e110 mg/kg) decreased to about
50% of baseline values within 15e30 min.26 When me-
detomidine (80 mg/kg) and ketamine (5 mg/kg) were

combined and given by intramuscular injection, heart
rate was decreased by 31% and blood pressure in-
creased by 69% at 5 min compared to awake values.27

Although we were unable to measure heart rate or
blood pressure in conscious feral cats, the values
and trends in these variables during the first 30 min
after drug administration were similar to those re-
ported by Dobromylskyj.27

In our study, there were no changes in heart rate in
response to surgical stimulation. In one study using
medetomidine (80 mg/kg) with ketamine (10 mg/kg)
the authors reported no reflex responses to traction
of the ovarian pedicles.21 In another study where me-
detomidine (80 mg/kg) was combined with ketamine
at 5, 7.5 or 10 mg/kg there did not appear to be an in-
crease in heart rate related to ovariectomy and the au-
thors stated these combinations provided ‘satisfactory
analgesia in deep organs’ based on the lack of a ‘pain
reflex in response to traction of the ovarian pedicles’
although they do not state what is meant by a ‘pain re-
flex’.22 The absence of changes in heart rate in re-
sponse to surgery could indicate that the depth of
anesthesia was adequate in these cats; however, be-
cause medetomidine is a sympatholytic agent it could
prevent sympathetic responses to noxious stimuli. In
our feral cat clinic we observe carefully for movement
in response to a noxious stimulus and if this occurs
we provide additional anesthesia using isoflurane
by mask.

When blood pressure is measured during anesthe-
sia in cats this is usually done using non-invasive
techniques. By convention, when using the Doppler
ultrasonic method, the pressure that correlates to the
first audible sound during cuff deflation is the systolic
blood pressure. Grandy et al28 reported that the sys-
tolic blood pressure measured by the Doppler ultra-
sonic technique was significantly lower, by
14 mmHg than that recorded from a catheter placed
in the femoral artery. In another study, the Doppler
technique underestimated systolic blood pressure
and was relatively inaccurate for obtaining this

Table 2. Mean � SD blood pressure (BP), pulse rate (PR), SpO2, and respiratory rate (RR) in male
(n ¼ 53) and female (n ¼ 48) cats before and after injection with atipamezole (reversal). Time of reversal
was 27 � 7 min after administration of MKB in males and 55 � 20 min in females. Time between record-
ings was 5 min.

Variable (units of measurement) Sex Before reversal After reversal

BP (mmHg) Male 148 � 21 108* � 18
Female 123y � 24 89*,y � 20

PR (bpm) Male 124 � 23 135* � 23
Female 106y � 18 128* � 20

SpO2 (%) Male 91 � 4 93* � 3
Female 94y � 3 96*,y � 2

RR (breaths/min) Male 31 � 16 31 � 15
Female 24 � 9 26 � 9

*Denotes a significant difference before and after reversal.
yDenotes a significant difference between males and females.
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measurement; however, it was a good predictor of di-
rect mean arterial pressure.29 Therefore, although we
considered three female cats to be hypotensive (sys-
tolic blood pressure <90 mmHg) at some time point
during anesthesia their direct blood pressure may
have been higher than recorded by our technique.

Cats administered MKB became hypothermic, sim-
ilar to results reported with the use of tiletamine, zo-
lazepam, xylazine and ketamine (TKX) in feral
cats.9,10 Even mild hypothermia can substantially pro-
long recovery times by decreasing hepatic and renal
blood flow, slowing drug metabolism and elimina-
tion.30 Medetomidine elimination appears to rely
heavily on biotransformation and is likely influenced
by hepatic blood flow and temperature.31 The applica-
tion of external heat sources during surgery and re-
covery may decrease recovery times; however,
a logistical barrier arises when high numbers of cats
are undergoing surgery and recovery simultaneously.
In addition, the ability to apply external heat sources
from outside the trap is limited.

Immediate postoperative analgesia was assumed to
be adequate in most cats, but assessment of pain was
not a primary goal of this study. Several studies have
noted the efficacy of buprenorphine for up to 6 h fol-
lowing administration.19,20 There are no validated
methods for pain assessment in cats, which makes
evaluation and treatment difficult,32 particularly in fe-
ral cats. Restrictions for assessing pain in feral cats in-
clude the inability to palpate the surgical site and
evaluate a response, and clearly differentiating fear
and stress behaviors from pain behaviors.

Recovery times after MKB were shorter compared
to TKX. Time to sternal recumbency was
72 � 42 min in cats administered TKX9 and
33.4 � 31.1 min in the current study. Atipamezole ad-
ministration appeared to effectively reverse the effects
of medetomidine, as evident by the significant in-
crease in heart rate and decrease in blood pressure
in the post-reversal period; similar changes have
been reported within 5 min of reversal.27 An unusu-
ally fast recovery may occur when larger doses of ati-
pamezole are administered. In our experience, very
rapid recoveries may result in physical trauma as a re-
sult of hyperexcitability; therefore, we administered
atipamezole subcutaneously and at a lower dose
than that suggested by the manufacturer. Relapse to
sedation is not believed to be the cause for the need
of additional atipamezole injections in some cats, as
the half-life of atipamezole is twice that of medetomi-
dine.33 Interestingly, there was no relationship be-
tween cats that received supplemental doses of MKB
and cats that required an additional injection of the re-
versal agent.

The combination of MKB provided adequate dura-
tion of action in most cats and the number of cats re-
quiring isoflurane supplementation (11%) was
considered acceptable for the operation of the large
volume TNR clinic of this study and most commonly
occurred more than 45 min after injection with MKB.

Knowing that 11% of cats may need supplemental an-
esthesia if their surgery is delayed or prolonged, al-
lows planning of the timing and numbers of cats
being anesthetized at any one time based on the avail-
ability of surgeons and anesthesia machines.

The MKB combination in this study appears to offer
several advantages. The use of atipamezole allows for
rapid reversal of the depressant effects produced by
medetomidine. The injectable protocol was predict-
able, offered an acceptable duration of action, and
a relatively rapid return to normal function. A rela-
tively large injection volume is a potential disadvan-
tage for the intramuscular route of administration in
feral cats, but was not a problem in this study. MKB
fulfilled many requirements associated with feral cat
sterilization clinics; however, it displayed side effects
of unknown consequence.
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