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Abstract

Objectives The aim of this study was to compare the sedative effects in cats administered acepromazine—
nalbuphine and acepromazine-butorphanol, intramuscularly (IM) and intravenously (IV), and the occurrence of
adverse cardiorespiratory effects.

Methods Forty-six cats were randomly divided into four groups and administered acepromazine (0.05mg/
kg) combined with nalbuphine (0.5mg/kg) or butorphanol (0.4mg/kg), IV (ACP-NAL,, and ACP-BUT,, groups,
respectively) or IM (ACP-NAL,,, and ACP-BUT,, groups, respectively). Sedation scores, ease of intravenous catheter
placement (simple descriptive scale [SDS] scores), physiologic variables, venous blood gases and the propofol
dose required for anesthetic induction were recorded.

Results Mild sedation was observed in all groups approximately 30mins after treatment administration (timepoint
T1, prior to propofol administration). Sedation scores at T1 increased above baseline in all groups (P <0.05), but
no significant difference was observed among groups. Dynamic interactive visual analogue scale sedation scores
(range 0-100mm) recorded at T1 were (median [interquartile range]): ACP-NAL,,,, 12 (10-12); ACP-NAL,,, 11
(6-16); ACP-BUT,,, 11 (7-14); and ACP-BUT,,, 12 (7-19). Overall, SDS scores did not change from baseline at
T1 and there was no significant difference among groups. The propofol dose did not differ among groups. Blood
gases remained within the reference intervals for cats. Significant decreases from baseline were detected for all
groups in systolic arterial pressure (SAP). Mean = SD values at T1 were (mmHg): ACP-NAL,, 108 = 13; ACP-NAL,,
102 =10; ACP-BUT,, 97 = 13; and ACP-BUT,,, 98 = 21. Arterial hypotension (SAP <90 mmHg) was recorded at T1
in 0/11, 1/13, 4/11 and 5/11 cats in groups ACP-NAL,,, ACP-NAL,,, ACP-BUT,, and ACP-BUT,,, respectively, and
was further exacerbated after the induction of anesthesia with propofol.

Conclusions and relevance In healthy cats administered acepromazine—nalbuphine and acepromazine—
butorphanol, IM and 1V, the degree of sedation was mild regardless of the protocol and the route of administration.
The main adverse effect observed was a reduction in arterial blood pressure.
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neuroleptanalgesia protocol frequently used in cats is the
combination of acepromazine with an opioid analgesic.
In a recent study conducted with New Zealand veteri-
narians, 4/5 of the most commonly reported drug com-
binations used in cats undergoing ovariohysterectomy
included acepromazine and an opioid.?

The use of acepromazine in cats has been reported in
combination with several opioids, such as methadone,3*
buprenorphine,®® butorphanol®®” and morphine.® The
administration of these combinations in cats resulted in
mild sedation, which was sufficient for intravenous cath-
eter placement®? and echocardiographic evaluation.”

Nalbuphine is a mu (u) antagonist and kappa (k)
agonist opioid, characteristics that make it similar to
butorphanol.” Owing to these pharmacological similari-
ties between the drugs, nalbuphine might be used as a
potential substitute for butorphanol in cats. This could
be useful because there may be differences in drug avail-
ability and drug control in different countries. In a search
of the current literature, only one published study on
the use of nalbuphine in cats was found.!® However, in
that previous study, nalbuphine was administered alone.
No studies were found on the use of nalbuphine in com-
bination with acepromazine in cats. Despite the use of
acepromazine-butorphanol in this species,3¢” the results
cannot be extrapolated for acepromazine-nalbuphine.

In previous studies, where the sedative efficacy of
acepromazine—opioid combinations was assessed, the
drugs were injected intramuscularly (IM).>7 However,
intravenous administration results in a rapid increase
in plasma concentrations of the drug, which could, pre-
sumably, result in faster and more pronounced effects
than intramuscular administration.

The aims of this study were to compare the degree of
sedation in cats administered acepromazine-nalbuphine
(ACP-NAL) and acepromazine-butorphanol (ACP-BUT),
IM and intravenously (IV), and the occurrence of adverse
cardiorespiratory effects. Our hypothesis was that there
would be no difference in the degree of sedation between
combinations with nalbuphine and butorphanol or
between administration IV and IM.

Materials and methods
Animals
The study was approved by the Institutional Animal Care
Committee of the Federal University of Rio Grande do
Sul, Brazil (approval number 36482). Written informed
consent was obtained from the owner of each animal.
Healthy male and female cats scheduled for elective
surgical procedures requiring general anesthesia were
included. Health status was based on clinical examina-
tion, a complete blood count and serum chemistry analy-
ses. All findings were within the reference intervals for
cats. Exclusion criteria included: age <4 months or >10
years, body condition score <3/9 or >7/9, and aggres-
sive or uncooperative behavior.

Study design and treatments

This wasa prospective, randomized, blinded study. Each cat
underwent one of four treatments. A random distribution
plan was generated using an open-access website (http:/ /
www.randomization.com). The treatments consisted of
combinations of acepromazine (0.05mg/kg [Acepran
0.2%; Vetnil]) with nalbuphine (0.5mg/kg [Nubain;
Cristélia]) or with butorphanol (0.4mg/kg [Torbugesic;
Zoetis]). In the ACP-NALy and ACP-BUTy, groups,
acepromazine—nalbuphine and acepromazine-butor-
phanol, respectively, were administered IV through
a cephalic catheter over 60s. In the ACP-NALy, and
ACP-BUT}, groups, acepromazine-nalbuphine and
acepromazine-butorphanol, respectively, were injected
IM into the semitendinosus muscle. On all occasions,
the drugs were mixed in a single syringe immediately
before administration.

Experimental protocol

Food, but not water, was withheld for 8 h. The cats were
admitted to the University Veterinary Hospital on the day
of the experiment and were housed in individual cages.
The hair around the cephalic veins and palmar digital
arteries was clipped and the cat was left undisturbed for
30mins to acclimatize. Baseline values (timepoint T0)
were measured after the acclimatization period.

Sedation was scored by a numeric descriptive scale
(NDS) and a dynamic interactive visual analog scale
(DIVAS). The NDS consists of five categories with scores
ranging from 0 to 14 (Table 1)." The DIVAS consists of
a 100mm horizontal line where the left end represents
no sedation (score 0) and the right end (score 100) rep-
resents the maximum sedation possible. Sedation was
scored in the acclimatization room. First, the assessor
observed the cat from outside the cage to evaluate its
posture. The assessor then opened the door of the cage
to interact with the cat and to evaluate the remaining
categories of the NDS (eye position, palpebral reflex,
degree of jaw relaxation and auditory response). The
assessor, who was blinded to the treatment adminis-
tered to each cat, assigned the DIVAS score first and then
the NDS score.

Heart rate (HR) was measured by auscultation and
respiratory rate (RR) was counted by observation of
chest wall movements. Systolic arterial pressure (SAP)
was measured using a Doppler flow probe (model 811-B;
Parks Medical Electronics) placed over the palmar digi-
tal artery. A sphygmomanometer and cuff was placed
proximal to the carpus. Cuff width was 30-40% of limb
circumference. A minimum of three consecutive measure-
ments of SAP with <5mmHg variation within each other
were recorded and the arithmetic mean was considered
for analysis. Prior to the beginning of the study, the accu-
racy of the sphygmomanometer was checked with a mer-
cury manometer. HR, RR and SAP were measured in the
acclimatization room after sedation scores.
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Table 1 Categories of the numeric descriptive scale used
for evaluation of sedation in cats'!

Sedation scores range from 0 (no sedation) to 14 (maximum sedation)

After NDS, DIVAS, HR, SAP and RR measurements,
the cat was taken to the assessment room and was
swaddled in a towel according to feline-friendly han-
dling guidelines.'? The person who held the cat was not
involved in the measurement of variables. Both the accli-
matization and the assessment room were quiet and the
cat being assessed was the only animal inside it. Rectal
temperature (RT) was measured with a digital thermom-
eter. A 22 G catheter was percutaneously introduced into
a cephalic vein. Ease of catheter placement IV was evalu-
ated using a simple descriptive scale (SDS) modified from
a previous study (Table 2).% The original scale was modi-
fied in an attempt to provide a more detailed description
of each SDS level. If more than one attempt was necessary
for intravenous catheter placement, the SDS score for that
timepoint was based on all attempts. A single observer,
unaware of the treatment administered, was responsible
for assessing DIVAS, NDS and SDS scores throughout the
study. The same person assessing the scores was respon-
sible for intravenous catheter placement. Blood samples

Table 2 Simple descriptive scale used for evaluation
of ease of catheter placement intravenously (1V) in the
cephalic vein of cats (modified from Bortolami et al®)

(0.5ml) were collected from the cephalic catheter for
blood gas analysis (pH, venous partial pressure of carbon
dioxide [PvCO,] and bicarbonate concentration [HCO,]).
The samples were collected into commercially available
syringes with heparin (A-Line; BD Biosciences) and ana-
lyzed immediately (Cobas b121; Roche Diagnostics).

The order of assessments was DIVAS, NDS, HR, RR,
SAP (in the acclimatization room), RT, SDS scores and
blood sampling (in the assessment room). After com-
pletion of the procedures at TO, the experimental treat-
ment was administered and the cat was returned to its
cage, in the acclimatization room, where it remained for
30mins without any manipulation. Subsequently, vari-
ables were reassessed (timepoint T1). Another 22 G cath-
eter was placed into the contralateral cephalic vein for
scoring SDS at T1. Finally, a new sample of venous blood
was collected for blood gas analysis.

After completion of assessments at T1, anesthesia was
induced with propofol (Propovan; Cristdlia). Propofol
was administered IV at a rate of 5.0mg/kg/min by a
syringe pump (RS700 Vet; RZVet) until the following end-
points were achieved: eyeball rotation, loss of medial pal-
pebral reflex and relaxation of jaw tone. Thereafter, 0.1 ml
of 2% lidocaine (Xylestesin; Cristalia) was instilled over
the larynx and orotracheal intubation was performed.
The tracheal tube was connected to a double T-piece
non-rebreathing system to deliver 100% oxygen (300 ml/
kg/min) and HR, RR, SAP and RT were then reassessed
(timepoint T2). The propofol dose required for induction
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of anesthesia and the time elapsed from administration of
the experimental treatment to anesthetic induction were
recorded. After assessments at T2 were completed, isoflu-
rane was delivered in order to maintain adequate depth
of anesthesia to perform the surgical procedure. Other
drugs were administered at the discretion of the anes-
thesiologist. All cats were discharged on the same day of
procedures without any systemic problems.

Statistical analysis

Sample size calculation was performed using G*Power
for Windows Version 3.1.6 (Heinrich Heine Universitét,
Diisseldorf, Germany). An a priori analysis revealed
that 10 cats per group would be required to detect a dif-
ference of 10 mm between group means of DIVAS seda-
tion scores, with SDs of 35% of means, an alpha error
of 0.05 and 80% power (1 — beta [B]). One additional
animal was included in each group and the inclusion
of animals was interrupted when all groups completed
11 cats.

Data analyses were performed using a statistical
software for Windows platform (Graphpad Prism 8.0.1;
GraphPad Software). Normality of data was assessed by
the Shapiro-Wilk test.

Weight, age, time elapsed from treatment adminis-
tration to anesthetic induction and propofol dose were
analyzed by a one-way ANOVA followed by a Tukey
multiple comparisons test or a Kruskal-Wallis test fol-
lowed by a Dunn test, where appropriate.

For variables with a normal distribution (HR, RR, SAP,
RT and blood gases), comparisons among groups and
over time were performed using a mixed-effects model,

considering time and treatment as fixed effects and indi-
vidual as a random effect. Post-hoc group comparisons
were performed by a Tukey multiple comparisons test,
whereas post-hoc time comparisons were performed by
a Dunnett test to identify differences between T1 and T2
from TO.

For non-parametric variables (sedation and SDS
scores), comparisons among groups at each timepoint
were performed using the Kruskal-Wallis test followed
by Dunn multiple comparisons test. Differences between
T1 and TO for sedation and SDS scores were analyzed by
a Wilcoxon signed rank test. The number of cats present-
ing hypotension (SAP <90mmHg) in each group was
compared by a y? test. For all analyses, differences were
considered significant when P <0.05.

Results

Forty-six mixed-breed cats were included in the study
(ACP-NALy,, n=11; ACP-NALy, n=13; ACP-BUTy,,
n =11, ACP-BUTy, n=11). There was no significant
difference among groups for weight, age, propofol dose
and the time elapsed from administration of the experi-
mental treatment to anesthetic induction (Table 3).

All cats were assigned a sedation score of zero at TO
for both the NDS and the DIVAS. There was no signifi-
cant difference among the groups regarding NDS and
DIVAS scores at TO and T1. Compared with TO, sedation
scores increased at T1 in all groups (Table 4). P values for
NDS scores were: ACP-NALy,,, P=0.001;, ACP-NAL,,
P =0.002; ACP-BUTy,, P=0.001; and ACP-BUT},
P=0.002. P values for DIVAS scores were: ACP-NAL,,,,

Table 3 Demographic data, time elapsed from administration of the treatment until anesthetic induction and propofol
dose in 46 cats administered acepromazine (ACP; 0.05mg/kg) combined with nalbuphine (NAL; 0.5mg/kg) or
butorphanol (BUT; 0.4mg/kg), intravenously (ACP-NAL,, and ACP-BUT,, groups) or intramuscularly (ACP-NAL,,

and ACP-BUT,,, groups)

Data are presented as mean = SD or median (interquartile range)
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Table 4 Median (interquartile range) numeric descriptive scale (NDS; range 0-14) and dynamic interactive visual
analogue scale (DIVAS; range 0-100) sedation scores and ease of intravenous catheter placement score

(simple descriptive scale [SDS]; range 0-3) in 46 cats administered acepromazine (ACP; 0.05mg/kg) combined with
nalbuphine (NAL; 0.5mg/kg) or butorphanol (BUT; 0.4mg/kg), IV (ACP-NAL,, and ACP-BUT,, groups, respectively) or
intramuscularly (IM; ACP-NAL,, and ACP-BUT,, groups, respectively)

ACP-NAL,y
(n=11)
NDS TO 0
T 3 (1-3)*
DIVAS (mm) T0 0
T 12 (10-12)*
SDS TO 2 (1-2)
T 3 (2-3)*

*Significant difference from TO within a group (P <0.05)
TO =baseline; T1=30mins after administration of the treatment

P=0.001; ACP-NALy, P=0.002; ACP-BUT,, P=0.001;
and ACP-BUT,y, P=0.001.

There was no significant difference among the groups
for SDS scores at any time point. A significant increase
in SDS score above TO was detected for ACP-NAL,,
(P=0.008) but not for other groups (Table 4). A stratifica-
tion of SDS scores at TO and T1 is presented in Figure 1.

There was no significant difference among the groups
for HR and SAP. In the ACP-NAL,; group, HR increased
above T0 at T1 (P =0.0006), whereas in the ACP-BUT,
group HR decreased below TO at T2 (P =0.0497).
Compared with TO, SAP decreased in all groups at T1
(ACP-NALy,, P <0.0001; ACP-NAL, P=0.0004; ACP-
BUT},, P=0.0002; ACP-BUT,y, P=0.003) and T2 (ACP-
NALy,, P <0.0001; ACP-NALy, P <0.0001; ACP-BUT,,
P <0.0001; ACP-BUTy, P =0.0001) (Table 5). Arterial
hypotension was recorded in 0/11, 1/13, 4/11 and 5/11
cats at T1 and in 7/11, 9/13, 7/11 and 9/11 cats at T2,
respectively, in the ACP-NALy,;, ACP-NALy,, ACP-BUT}y,
and ACP-BUT}y, groups. An overall difference among
groups in the prevalence of hypotension was detected at
T1 (P =0.023) but not at T2.

No significant difference in RR was detected among the
groups. Compared with T0, RR decreased in all groups at
T2 (ACP-NALy,, P=0.002; ACP-NALy, P <0.0001; ACP-
BUT},, P=0.0002; ACP-BUT},, P=0.0002). Apnea and
cyanosis were not detected in any cat at any time point
(Table 5).

Blood gases were available for 9/11, 11/13, 10/11 and
10/11 cats in the ACP-NALy,, ACP-NAL,,, ACP-BUT),
and ACP-BUT}y groups, respectively. Data for the remain-
ing cats were unavailable because of failure in the gas ana-
lyzer. Venous pH was lower in ACP-BUTy; than in other
groups at T1 (P = 0.022 vs ACP-NALy; P=0.027 vs ACP-
NAL;y; P=0.005 vs ACP-BUTjy). At the same timepoint,
PvCO, was higher in ACP-BUT}y; than in ACP-NAL,
(P=0.006) and ACP-BUTy, (P =0.0042). Compared with
T0, venous pH increased at T1 in ACP-NALy, (P =0.004)
and ACP-NAL,y, (P =0.013), whereas PvCO, decreased

ACP-NAL,, ACP-BUT y ACP-BUT,,
(n=13) (n=11) (n=11)
0 0 0
2 (1-3)* 2 (2-2)* 2 (1-3)*
0 0 0
11 (6-16)* 11 (7-14)* 12 (7-19)*
2 (2-3) 2(2-2) 2 (2-2)
2(2-9) 2(2-9) 2(2-3)
SDS SCORES (T0)
137 3 Score 0
121 W Score 1
114 [ Score 2
104 =3 Score 3
£ 94
3 g
S 7
8 6
x
Z 4
3.
2_
1_
o ACP-NAL,, ACP-NAL, ACP-BUT,, ACP-BUT,
SDS SCORES (T1)
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121 W Score 1
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e
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14
N i
ACP-NAL,, ACP-NAL, ACP-BUT,, ACP-BUT

Figure 1 Distribution of simple descriptive scale (SDS) scores
in 46 cats administered acepromazine (ACP; 0.05mg/kg)
combined with nalbuphine (NAL; 0.5mg/kg) or butorphanol
(BUT; 0.4mg/kg) intravenously (IV; ACP-NAL,, and ACP-BUT,,
groups, respectively) or intramuscularly (IM; ACP-NAL,, and
ACP-BUT,, respectively). The SDS was used for evaluation

of ease of catheter placement IV in the cephalic vein of

cats, as follows: score 0, very difficult; score 1, difficult;

score 2, easy; score 3, very easy. T0=baseline; T1=30mins
after administration of the treatment

in ACP-NAL;, (P=0.031). There was no significant dif-
ference among the groups or within groups for venous
HCO; and RT (Table 5).
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Table 5 Heart rate (HR), systolic arterial pressure (SAP), respiratory rate (RR), venous pH, venous partial pressure of
carbon dioxide (PvCO,), venous bicarbonate (HCO;) and rectal temperature (RT) in 46 cats administered acepromazine
(ACP; 0.05mg/kg) combined with nalbuphine (NAL; 0.5 mg/kg) or butorphanol (BUT; 0.4 mg/kg), intravenously (IV; ACP-
NAL,, and ACP-BUT,, groups, respectively) or intramuscularly (IM; ACP-NAL,,, and ACP-BUT,,, respectively)

Data are mean = SD
*Significant difference from TO within a group
tSignificant difference from ACP-BUT,, (P <0.05)

+Blood gases were available from 9/11, 11/13, 10/11 and 10/11 cats in the ACP-NAL,,, ACP-NAL,,, ACP-BUT,, and ACP-BUT,, groups,

respectively

TO = baseline; T1=30mins after administration of the treatment; T2 =immediately after anesthetic induction with propofol

Discussion

The main findings of the present study were that nei-
ther the sedation protocol (acepromazine-nalbuphine or
acepromazine-butorphanol) nor the route of adminis-
tration significantly influenced the degree of sedation
observed in cats.

In the present study, the main purposes of premedi-
cation, which are to calm the animal and facilitate its
handling, were not achieved with any of the protocols.
The degree of sedation was mild in all experimental
groups and there was no clear improvement in SDS
scores. Mild sedation has also been reported in previ-
ous studies in cats administered acepromazine IM in
combination with methadone,>*!3 butorphanol®>” and
buprenorphine.3 In the present study, there was no sig-
nificant difference between the effectiveness of sedation
induced by acepromazine-butorphanol or aceproma-
zine-nalbuphine. In a previous study, administration
of the opioids buprenorphine, methadone and butor-
phanol, combined with acepromazine, resulted in simi-
lar sedation scores.? Similar results were observed in
another study with cats administered combinations
of acepromazine, methadone and butorphanol.? The
results of this study and previous studies reinforce that
combinations of acepromazine with opioids cause low

levels of sedation in cats and that the choice of opioid
in the combination does not influence the effectiveness
of the protocol.

The finding that SDS scores at T1 increased above TO in
ACP-NALy,, but not in other groups, might suggest that
this protocol was more effective than the others in reduc-
ing the response to intravenous catheter placement in cats.
However, caution must be taken with this interpretation
for the following reasons. First, SDS scores did not differ
significantly among the groups at T1. Second, 54-73%
of cats in all groups had an SDS score of 2 at TO, which
represents easy intravenous catheterization in cats that
were not administered any sedative or analgesic drug. It
is possible that the high SDS scores at TO resulted, at least
in part, from the exclusion of aggressive and/or unco-
operative cats from the study. Third, it is possible that
cats acquired some memory after the first intravenous
catheterization, which could influence their response
to a second catheterization and explain why SDS scores
did not increase in most groups at T1 compared with TO.
Finally, to our knowledge, there is no validated scale to
evaluate ease of intravenous catheter placement in cats.
Therefore, the SDS may not have been sensitive to detect
differences in the ease of intravenous catheter placement
between timepoints TO and T1.
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The absorption of drugs after administration IM can
be influenced by factors such as drug solubility, blood
flow to the absorption site and the available surface
area.! Intravenous administration circumvents factors
that limit absorption resulting in complete and rapid
bioavailability, with potentially immediate effects.!® In a
previous study, cats administered 5mg/kg of alfaxalone
IV had sedation scores indicative of general anesthesia
immediately after injection. By contrast, cats that received
the same dose IM had a longer latency period and scores
compatible with deep sedation.!® Despite the bioavail-
ability after intramuscular administration usually being
high and the absorption being fast,!®> higher peak drug
concentrations are expected after intravenous than intra-
muscular administration,'® which might explain the dif-
ferences in effect often observed. Nevertheless, in the
present study no significant difference was detected in
sedation scores between administration IV and IM.

The dose of butorphanol used in the present study
was based on previous studies in cats. In one study,
administration of butorphanol (0.4 mg/kg IM) combined
with dexmedetomidine (10ug/kg), resulted in effective
sedation.!” In a pharmacokinetic study, the same dose of
butorphanol (0.4 mg/kg IM) maintained plasma concen-
trations indicative of analgesia for 2.7h.18

The nalbuphine dose used in the present study was
extrapolated from a previous study in dogs.!° In that previ-
ous study, the combination of acepromazine (0.05mg/kg)
with nalbuphine, administered IV, resulted in moderate
sedation in most dogs.!” However, this study should not
encourage extrapolation of drug doses between dogs and
cats because large differences in the pharmacokinetics of
drugs may exist. Further studies are warranted to deter-
mine the optimal dose of nalbuphine in cats.

The infusion rate used for anesthetic induction in the
present study (5.0mg/kg/min) was based on a previous
study where two propofol infusion rates were compared
(1.5mg/kg/min and 5.0mg/kg/min) for induction of
anesthesia in cats premedicated with methadone.!® In this
previous study, the propofol dose required for anesthetic
induction and the occurrence of excitement were lower
after the higher rate of infusion.!®

The doses of propofol required for anesthetic induc-
tion in the present study did not differ significantly
among the groups and ranged from 6.1 to 7.3mg/kg.
In a previous study, the median dose of propofol in cats
premedicated with acepromazine (0.02mg/kg SC) com-
bined with methadone (0.6 mg/kg SC) was 8.9mg/kg,}?
which is higher than the propofol doses in the present
study. Conversely, a lower dose of propofol (5.3 mg/kg)
than in the present study was reported in cats premedi-
cated with acepromazine (0.05mg/kg IM) combined with
methadone (0.3mg/kg IM).!3 Differences in the propofol
induction doses observed between the studies may be
due to variations in drug doses, routes of administration

used in premedication, in the rate of injection of propofol
and in endpoints considered during anesthetic induction.

The most relevant adverse effect in the present study
was arterial hypotension. This effect was observed in
0-45% of cats after administration of each treatment
(T1), and its occurrence was increased after anesthetic
induction with propofol (T2) when it was observed in
64-82% of cats in each group. The reduction in blood
pressure in cats after administration of combinations of
acepromazine with opioids has been attributed to vaso-
dilation induced by phenothiazine.” However, in a recent
study in awake dogs, the reduction in blood pressure
after administration of acepromazine occurred owing to
a decrease in stroke volume and cardiac output and not
as a result of vasodilation.? An unexpected finding in
our study was that a greater number of cats presented
hypotension at T1 in acepromazine-butorphanol groups
than in acepromazine-nalbuphine groups (36-45% vs
0-8%, respectively), and an overall significant difference
between groups was detected. This might indicate that
acepromazine-butorphanol results in greater preva-
lence of hypotension than acepromazine-nalbuphine.
Further studies are required to evaluate if butorphanol
can enhance the hypotensive effects of acepromazine.
The increase in the occurrence of hypotension at T2 was
likely due to the negative inotropic action of propofol,
which results in decreased cardiac output and, conse-
quently, a reduction in blood pressure.?!

Although the present study revealed a high frequency
of arterial hypotension, these results should be inter-
preted carefully. SAP was measured by a non-invasive
method, which is not the gold standard. Previous studies
have suggested that blood pressure measured in cats with
a Doppler flow probe results in underestimated SAP val-
ues compared with the invasive method.??? Therefore, it
is possible that if SAP had been measured invasively in
the present study, a considerably smaller number of cats
would have SAP values <90mmHg.

The administration of all treatments did not result
in significant changes in RR. Although minor, signifi-
cant changes in blood gases were recorded at T1, values
remained within the reference intervals for venous blood
gases in cats.?* After anesthetic induction with propo-
fol (T2), there was a significant reduction in RR of all
groups. The reduction in RR after propofol administra-
tion occurs owing to a central effect resulting in respira-
tory depression.? Although apnea and cyanosis were not
observed at T2, it is not possible to rule out the occurrence
of respiratory depression and hypoventilation because
blood gases were not measured at this timepoint.

This study has limitations. First, the study was not
completely blinded, which may have biased the assess-
ment of sedation and SDS scores. The assessor did
not know which treatment had been assigned, but it
was known that all cats had received a combination of
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acepromazine-nalbuphine or acepromazine-butorphanol.
Second, the power analysis was conducted based on
DIVAS scores that are usually not normally distributed.
Therefore, the sample size estimation based on a variable
with unknown distribution may be inaccurate. Third,
venous instead of arterial blood samples were used for
gas analysis, which does not allow the assessment of
arterial oxygenation. Finally, SAP was measured non-
invasively because the cats were awake, making arterial
catheterization unfeasible.

Conclusions

Healthy cats were administered acepromazine-nalbuphine
and acepromazine-butorphanol, IM and IV. The degree
of sedation was mild, regardless of the protocol and the
route of administration. The main adverse effect observed
was a reduction in arterial blood pressure.
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