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ABSTRACT

The aim of this study was to evaluate the effects forosemide on xylazine-ketamine
anaesthesia in cats. Fifteen cats assigned to twmug@s, namely Xylazine-Ketamine-
Furosemide (XKF) of 8 cats and Xylazine-KetamineK)Xof 7 cats were used for the study.
They were studied for their physiologic responsefidwing intramuscular administration of
xylazine at 0.5 mg/kg, ketamine at 15 mg/kg anddsemide at 2.5 mg/kg (XKF group), and
xylazine at 0.5 mg/kg and ketamine at 15 mg/kg (¥¥up). They were observed over a period
of one hour for changes in heart and respiratorytes and rectal temperature as well as time
to induction, duration of recumbency and time toastding. There was no significant (F0.05)
difference in induction time of XKF (4.6£2.2 min)rad XK (3.2+2.1 min) groups. There was
significant (P<0.05) difference in duration of reaubency in groups XKF (54.8+12.8 min) and
XK (80.0+£15.3 min). There was no significant¥B.05) difference in time to standing of group
XKF (6.0£1.1 min) and XK (7.8+£3.7 min). Mean hearates for XKF and XK groups ranged
from 107.1+8.3 to 132.6x15.8 beats/min and from 18¥19.6 to 116.4+27.9 beats/min
respectively. Mean respiratory rates for XKF andXroups ranged from 23.0£3.5 t062.4+3.8
breaths/min and from 18.8+£1.3 to 54.8+4.2 breathsimespectively. Mean rectal temperature
for XKF and XK groups ranged from39.4+0.7 to 41.02PC and from 38.9+0.6 to 40.3+1%
respectively. There were no significantXB.05) changes in the rectal temperature, the heart
and respiratory rates. In conclusion, furosemideflimenced the duration of recumbency but
did not influence time to standing.

INTRODUCTION

In feline practice, injectable anaesthetic agemés wsed to provide humane restraint for non-painful
clinical procedures, as well as analgesia for naxidiagnostic, manipulative and surgical procedures
[1,2]. Ketamine hydrochloride (ketamine) has proved toheemost useful injectable anaesthetic agent in
the cat because it can be given intramuscularly Bhas wide safety margin and cardiovascular
stimulating activity [4,5,6]. However, ketamine risost frequently used clinically in combination with
either an alpha-agonist, a benzodiazepine or a phenothiazineaterévin order to reduce the anaesthetic
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dose of ketamine, prolong the duration of anaesth@sovide muscle relaxation and promote smooth
anaesthetic recovery [6,7,8].

It is an accepted standard that an animal undeggringery be placed on fluids. However, the smadl s

of cats makes them prone to accidental fluid ow&tlthat may manifest as pulmonary oedema [9,10].
This condition may necessitate immediate intradperaadministration of furosemide to treat [9,10].
Ketamine has been reported to be predominantlyegedrin the urine either as an unchanged drug or as
an active metabolite in the cat [11,12,13]. Themfdt is logical to expect a clinically significan
ketamine-diuretic interaction to occur somewhatédnal mechanisms.

This study was therefore designed to evaluate ffieeteof furosemide on xylazine-ketamine anaesthesi
in cats.Specifically, the effect of xylazine-ketaemfurosemide (XKF) was compared with that of
xylazine-ketamine (XK) in the cats by monitoring sfme anaesthetic indices like time to induction,
duration of recumbency and time to standing as a&lthanges in rectal temperature (RT), heart rate
(HR) and respiratory rate (RR) over a 60- minutexsqal of anaesthesia.

MATERIALSAND METHODS

Fifteen adult domestic short-haired cats (8 intaates and 7 intact females), weighing between .2 k
and 1.6 kg (1.4+0.2 kg, mean + SD) were used fier study. The cats were housed individually in the
cattery section of the Experimental Animals Unittloé Faculty of Veterinary Medicine, University of

Ibadan. Prior to the commencement of the experigethte animals were examined clinically and
adjudged to be apparently healthy.

The study protocol was approved by the Ethics Cdtemifor Animal Experiments of the Faculty of
Veterinary Medicine, University of Ibadan, Nige(Rrotocol N0.03/03/14). Food was withheld overnight
from the cats while water was allowed up to theetioi drug administration. The cats were randomly
divided into two groups XKF (8 cats comprising ofodn cats and 4 queens) and XK (7 cats comprising
of 4 tom cats and 3 queens). The group XKF catgewé/en atropine sulphate (Nonproprietary 0.6
mg/ml, Antigen Ltd, Eire) at a dose rate of 0.0d/kg and xylazine hydrochloride (Xyl&20 mg/ml,
Farvet Laboratories, Holland) at a dose rate of dg/kg, followed10 min later by induction of
anaesthesia with injection of ketamine hydrochieifdetalaf®’ 50 mg/ml, Parke Davis & Co Ltd, UK) at

a dose rate of 15 mg/kg and 2.5 mg/kg of furosertlidsix® 10 mg/ml, Hoechst, UK) intramuscularly
(IM). Seven XK group cats which served as contr@revalso given IM injections of atropine and
xylazine at the same dose rate used for the XKbmhbmt without the addition of furosemide. Induatio
of anaesthesia was done 10min later with the IMiadtnation of ketamine alone at a dosage of 15mg/k
body weight. The intramuscular injections were gia the quadriceps group of muscles. Following
anaesthetic induction, the anaesthetized cats plaoed in right lateral recumbency on a foam padded
table as soon as they lost the righting reflexthied covered with a towel.

The baseline values for HR, RR and RT of the casewdetermined immediately before induction of
anaesthesia (time 0 min), and subsequently at hdm@rvals over the first 60 min period of anaesta.
Heart rate (in beats/min) was evaluated with tlikadia precordial stethoscope and respiratory (iate
breaths/min) was determined by observing the celist movement. Rectal temperatui@) (was
measured using a mercury-in-glass thermometertawserto the rectum.

The anaesthetic indices recorded for each cat defieed as follows:

Time to induction: Time interval (in min) between ketamine injectiand loss of righting reflex by the
cat.

Duration of recumbency:Time interval (in min) between the loss of riglgtireflex and assumption of
sternal posture by the cat.

Time to standing:Time interval (in min) between assumption of sééland standing postures by the cat.
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Statistical Analysis

All data were expressed as mean * standard devigdiD). The means of the anaesthetic indices betwee
the XKF and XK groups were compared using studerteést for unpaired data. The respective means of
the HR, RR and RT were compared using analysisapiance for repeated measures followed as
appropriate by Tukey-Kramer multiple comparisorst {¢4]. A P value of less than 0.05 was accepted
for statistical significance in all comparisons. mher Cruncher Statistical Software (NCSS) 2004
statistical package was used [14].

RESULTS

The times to induction (4.6+2.2 min) and standi@@£1.1 min) with XKF were similar to the respeetiv
XK values of 3.2+2.1 min and 7.8+3.7 min, wheredaes tluration of recumbency (54.8+12.8 min) with
XKF was significantly (P < 0.05) shorter than XKlwa of 80.0+15.3 min (Table 1).

Table 1: Mean anaesthetic indices of cats anaesthetized with the intramuscular administration of
xylazine-ketamine alone (XK) and with furosemide (XKF).

Anaesthetic indices Treatment groups

XK XKF
Time to induction (min) 4.6+2.2 3.2+2.1
Time to standing (min) 6.0+1.1 7.84£3.7
Duration of recumbency (min) 54.8+12.8 80.0£15.3

The physiological responses of the cats during XH AKF anaesthesia are shown on table 2. The mean
HR ranged between 107.1+8.3 and 132.6+15.8 beasiwith XKF while XK values ranged
betweenl107.8+19.6 beats/min and 116.4 +27.9 beatspart from the 60th min time interval, the
mean HR values with XKF were not significantly (0:05) different from the corresponding XK values
throughout the period of the study. Also in botloups, the mean HR was not significantly (p > 0.05)
different from the baseline values in the firstrath and later rose steadily till it became sigrfit in
XKF cats only at the 60th min time interval. TheameRR with XKF ranged from 23.0+3.5 to 62.4+3.8
breaths/min and the XK values ranged from 18.8#4.34.8+4.2 breaths/min. The mean RR values with
XKF were similar to the corresponding XK valuescept higher values that were recorded at 50thand
60thmin time intervals. In both groups, the meanvRRies were significantly (P < 0.05) lower thar th
baseline values at 10 min and later rose signifiggdR < 0.05) 30 min later and remained so toehe of

the study. The mean RT with XKF ranged between:80Zand 41.0+1% while the XK values ranged
between 38.9+0.6 and 40.3+3C3 Although there was no significant (p > 0.05)eafiénce between the
mean RT values of both XKF and XK cats throughbetperiod of the trials, there were steady increase
from the baseline values until it became signifiaanXKF and XK groups at the 50th and 60th mindim
intervals respectively.

DISCUSSION

In this study, times to induction of the cats fallng the administration of ketamine were similar ioth
XKF (4.6£2.2 min) and XK (3.2+2.1 min) as expecty@rstegent al [15] also recorded induction time
of 4.25min in cats following xylazine-ketamine adistration. Ketamine provides good analgesia and
has a rapid onset of action and short durationatib In similar studies in rabbits, Kilic[16] had
reported the onset of action and duration of reamolp to be 2.0 min and 120.0 min respectively, avhil
Adetunji and Lawal[17] reported 3.4 min and 62.hmlhe duration of recumbency recorded in this
study,80.0£15.3 min (64.7 to 95.3min), is lowerrthe 120 + 25min recorded by Kilic [16] probably a
a result of the higher dosage of ketamine (50mgdisgd in the previous study. However, onset obacti
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obtained by both Kilic [16] and Adetunji and Lawal’] were similar to our finding in which the ongxt

action following administration of ketamine was &ih.

Table2: Mean Heart rate, respiratory rate and rectal temperature responses of catsto
intramuscular administration of xylazine-ketamine alone (XK) and with furosemide (XKF).

Timeinterval HR(beatsmin) RR (breathg/min) RT(°C)

(min) XK XKF XK XKF XK XKF
0 116.4+27.9 112.2+11.3 26.6+3.1 28.4+3.4  38.9+0.6  39.4%0.7
10 114.0+¢13.3  109.0+#5.7 18.8#1.3 23.0#3.5  39.1+0.6  39.6+0.8
20 108.0+12.6  107.1#8.3  26.6#1.7 25.0#3.6  39.3+0.8  39.9+0.8
30 108.4#6.5  112.2#13.0 34.0+2.7 31.8#41  39.5¢1.0 40.2+0.9
40 114.248.6  119.3+16.9 43.4#4.6 39.6+#4.3  39.7#1.1  40.5x1.2
50 111.2#12.3  121.6#145 50.2¢45 56.0#4.3  39.9+1.1  40.9+1.2
60 107.8+19.6  132.6+15.8 54.844.2 62.4+3.8  40.3+1.3  41.0+1.2

The shorter duration of recumbency associated thithXKF group than the XK group in this study is
interesting because it is contrary to the findiogd$Hannaet al. [18] who reported that, on the basis of
measured pharmacokinetic parameters, the concursenof diuretics such as furosemide prolonged the
renal excretion of ketamine in cats. However, thasghors administered ketamine alone without
xylazine. Furosemide is a potent loop diuretic whicts on the ascending limb of the loop of Heale t
inhibit active re-absorption of tubular contentsgding to increased output of urine [19]. Alsohe tat,
intramuscular administration of 1.1 mg/kg xylazosuses 6-fold increase in urine production [19udh
the recorded shorter duration of recumbency withFXK this study might be due to rapid clearance of
ketamine and its anaesthetic effect by furosemidexaglazine [20,21,22,3,24].

Although ketamine administration usually causesnarease in the heart rate and arterial blood press
due to ketamine’s increased sympathetic afferetiniyc[25].1t is surprising that the range of mehiiR
recorded in this study for both XKF and XK groufsfle 2) were lower than the range of 112 to 198
beats/min quoted for anaesthetized cats [26]. Tihiing is most likely to be due to the bradycardic
effect of xylazine [21,22,23,24], in spite of the-administration of recommended clinical dose of an
anticholinergic, atropine. McLeish and Steffey [&@ye similarly reported in cats that the injectidr®.4
mg/kg xylazine resulted in an immediate significaeduction in HR, which could not be modified by
pre-atropinization. Lower RR recorded for the XKidahe XK in the early period of the trial (Table 2
may relate to the pharmacological effects of boytazine and ketamine on the respiratory system
[6,21,23,24,26,28,29]. In a previous report by Hal80], ketamine has been shown to decrease RR
and/or tidal volumes in cats. In dogs anaesthetizitd ketamine administration, respiratory rate and
minute volume decreased initially, but both retdrt@ baseline values within 15 min [31] as recorited
this study. Although these findings are contrary wibat has been reported before in cats with
acepromazine premedication, Ingwersenl [32] reported non-significant changes in respmatand
heart rates while Farvetr al. [33] reported a significant increase in heart eegpiratory rates following
ketamine anaesthesia in dogs. Xylazine's effects respiratory function are usually clinically
insignificant, but at high dosages, it can causpiratory depression with decreased tidal volummes a
respiratory rate and an overall decreased mindten® [24].
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The apparent hyperventilation that occurred inlétier part of the trials might relate to progresdiall in
plasma concentration of xylazine and ketamine duelitmination and attendant recovery of the cats.
Mean RT recorded for both XKF and XK groups (Tab)Javere higher than the range of 38.1 to 3&.2
guoted for awake cats [35]. This was expected lsmxi#tuwas reported that ketamine may cause either
hypothermia or hyperthermia. Hypothermia is dueitto effects on thermoregulatory centers, and
hyperthermia due to increased muscle activity grelhgctive behavioural change [20,29]. Hyperthermia
was recorded in this study (Table 2).

In conclusion, administration of furosemide to xytee-ketamine anaesthetized cats hastened recovery
and without significant effect on the rectal tengtere, respiratory and heart rates of the catss It
therefore advisable to use alternative anaesthegienen for procedures that will last for more thoare
hour, otherwise incremental doses of ketamine lvélheeded when furosemide is concurrently used with
xylazine-ketamine anaesthesia.
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