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Introduction
The use of intramuscular (IM) drug combinations in cats 
to produce general anesthesia for short procedures, such 
as castration, is popular for its simplicity and consist-
ency.1–7 Drug combinations and doses vary, although it is 
common to combine an anesthetic, opioid and alpha2-
adrenergic agonist. Ketamine is a common choice for the 
anesthetic component as it produces a predictable effect, 
supports cardiovascular function, depresses respiratory 
function less than other anesthetic agents, has analgesic 
properties and typical doses (5–10 mg/kg) have a low 
volume of injection.8,9 However, ketamine is associated 
with prolonged recoveries, during which cats display a 
range of emergence phenomena, including increased 
sensitivity to touch and noise (tactile and auditory 
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hyperesthesia), ataxia and increased motor activity, 
which may last several hours after injection.10–13 These 
phenomena slow the return to normal function and 
interfere with pain assessment.14,15

A rapid and smooth return to normal function with 
appropriate pain management is central to the concept 
of enhanced recovery after surgery (ERAS), whereby 
perioperative care is optimized through a multidiscipli-
nary approach by evaluating each process in the care 
pathway.16,17 By focusing on analgesia, fluid therapy, sur-
gical technique and nutrition, ERAS has been success-
fully applied to numerous human patient populations 
and its implementation is supported by high-quality evi-
dence.18–20 The development of ERAS in veterinary med-
icine is in the early stages, but promising results have 
been achieved in efforts to improve postoperative pain 
assessment and recovery.14,15,21

As a refinement to IM ketamine (in combination with 
an opioid and dexmedetomidine), substitution with the 
neurosteroid anesthetic alfaxalone has been explored.14,22 
IM administration of alfaxalone is currently licensed in 
Australia, New Zealand and South Africa, with a restric-
tion to intravenous use in other countries. However, 
extralabel IM use is gaining popularity for the ability to 
provide a rapid, smooth induction of profound sedation 
or general anesthesia accompanied by cardiorespiratory 
stability and complete recovery.1,14,22,23 Some reports of 
IM alfaxalone use describe hyperesthesia during recov-
ery, though this appears to be related to higher doses 
(exceeding 2–2.5 mg/kg) or when alfaxalone is adminis-
tered alone.24–26 In contrast to ketamine, it is unclear if 
alfaxalone has analgesic properties.27,28

The goal of this study was to evaluate IM ketamine or 
alfaxalone, combined with hydromorphone and dexme-
detomidine, as injectable anesthetic protocols for castra-
tion. The primary objective was to assess if the treatment 
groups provided equivalent postoperative analgesia. The 
recent publication of feline-specific composite measures 
pain assessment scales, tested for validity and reliability 
in a range of experimental and clinical settings, allows the 
quantitative assessment of analgesia and facilitates com-
parisons between studies.14,21,29,30 Such scales are crucial to 
generating evidence for developing perioperative care 
protocols and ERAS. A secondary objective was to docu-
ment postoperative eating behavior as we suspected that 
the relatively long recovery period associated with keta-
mine would interfere with a return to normal behavior.

Our hypothesis was that an alfaxalone-based IM 
anesthetic protocol would result in an early return to eat-
ing postoperatively without compromising analgesia.

Methods
Animals
The study protocol for this prospective, blinded, rand-
omized clinical trial was provided by the University of 

Calgary Veterinary Sciences Animal Care Committee in 
accordance with the Canadian Council on Animal Care 
guidelines (study ID: AC13-0146). Cats were recruited 
from a local clinic (City of Calgary Animal Services 
Centre Clinic), either through the shelter service or were 
client-owned. Informed consent for shelter animals was 
provided by the clinic manager or veterinarian and by 
the owner for pet cats. All recruited cats underwent a 
physical examination at admission by a veterinarian, to 
assess health status. Exclusion criteria were a baseline 
pain assessment score exceeding the intervention thresh-
old of the UNESP-Botucatu multidimensional pain 
expression subscale (U-B MCPSpainex)29; aggression, an 
American Society of Anesthesiologists physical classifi-
cation status >2, requirement for additional procedures 
during the same anesthetic or body mass <1.5 kg. 
Perioperatively, cats were excluded if they became 
hyperthermic (>40°C) or hypothermic (<36°C), or there 
was incomplete injection of treatment drugs. During 
pre- and postoperative time periods, cats were housed 
individually in stainless steel kennels, each with a litter 
tray, plastic igloo shelter and a towel. Dogs were 
excluded from this area. Room temperature was main-
tained at approximately 21°C. Cats had food and water 
withheld for approximately 12 and 2 h before surgery, 
respectively.

Experimental procedure
Cats were block randomized (sealedenvelope.com) to 
one of two treatment groups. Group KetHD were 
administered ketamine hydrochloride (5 mg/kg, 100 
mg/ml [Vetalar; Bioniche Animal Health Canada]), 
hydromorphone hydrochloride (0.05 mg/kg, 2 mg/ml, 
[Hydromorphone HCl; Sandoz Canada]) and dexme-
detomidine hydrochloride (25 μg/kg, 0.5 mg/ml 
[Dexdomitor; Zoetis]). Group AlfHD were administered 
alfaxalone (2 mg/kg, 10 mg/ml [Jurox; Alfaxan]), 
hydromorphone hydrochloride (0.05 mg/kg) and dex-
medetomidine hydrochloride (25 μg/kg). Drugs were 
drawn up separately and combined in a single syringe 
immediately before IM injection (lumbar epaxial 
muscles).

On the morning of surgery baseline data were col-
lected for demeanor, pain and sedation. These assess-
ments were repeated at 1, 2 and 4 h postoperatively in all 
cats, and at 24 h in cats from the shelter population.

A published demeanor scale was modified for use, as 
two items (litter tray use and appetite 24 h prior to sur-
gery) could not be assessed.31 Scale range is 0–21, with 
higher scores indicating withdrawn behavior or aggres-
sion. Two pain scales were used: the UNESP-Botucatu 
multidimensional pain scale (U-B MCPS) and the revised 
Composite Measures Pain Scale-Feline (rCMPS-F).30 The 
‘pain expression’ (analgesic intervention threshold >2, 
range 0–12) and ‘psychomotor’ (range 0–12) subscales 
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were used from the U-B MCPS scale and the decision to 
provide rescue analgesia was determined by the pain 
expression subscale as the psychomotor subscale may be 
influenced by ketamine.14 The rCMPS-F scale has a score 
range of 0–16, with scores above a threshold of ⩾4 asso-
ciated with an increased likelihood of pain. The sedation 
scale ranged from 0 to 4, with a higher score indicating 
an increased level of sedation (0 = no sedation, 1 = can 
stand but is wobbly, 2 = in sternal recumbency, 3 = can 
lift its head, 4 = no response to clicker sound).32 Sedation 
was additionally assessed 10 mins after treatment injec-
tion (time PM10). All assessments were performed by 
one of two trained veterinary students (MCW, TA) 
blinded to the treatment group. Inter-rater reliability 
was good, as assessed with an intra-class correlation 
coefficient using data collected from five cats (20 time 
points) at the start of the study (U-B MCPS: 0.79 [95% CI 
0.75–0.82]; rCMPS-F: 0.62 [95% CI 0.54–0.68]; demeanor 
scale: 0.72 [95% CI 0.67–0.77]).

Immediately following treatment injection, cats were 
returned to their kennels (igloo and litter tray removed). 
After 10 mins, sedation was assessed and cats carried to 
the adjacent surgery area and placed in lateral recum-
bency. Oxygen (1 l/min) was provided via face mask 
and anesthesia monitoring started during surgical prep-
aration (fur overlying scrotum clipped and skin cleaned 
with chlorhexidine). The following variables were moni-
tored during anesthesia (SurgiVet Veterinary Anesthesia 
and Monitoring Equipment; Smiths Medical): saturation 
of arterial hemoglobin with oxygen (SpO2, pulse oxime-
ter probe placed on digit pad or ear), heart rate (from 
pulse oximeter and thoracic auscultation), systemic arte-
rial blood pressure (indirectly with the oscillometric 
technique) and respiratory rate (observation of thoracic 
excursions).

An intratesticular block was performed with lido-
caine hydrochloride (2 mg/kg, divided equally between 
two testes [Lidocaine Neat 2%; Pfizer Canada]) at least 1 
min before surgery. Castration was undertaken by an 
experienced veterinarian using a figure-of-eight method 
with pedicle ties. A scalpel was used to make scrotal inci-
sions, and mosquito hemostats used to ligate the sper-
matic cord and vessels. If movement occurred in 
response to surgical stimulation, isoflurane was deliv-
ered via the face mask (beginning at 0.5–1%). Surgery 
duration was defined as the time of initial incision until 
return of the second spermatic cord in to the scrotal sac. 
At the end of surgery, the following actions were imme-
diately performed: isoflurane was turned off (if adminis-
tered), a rectal temperature measured with a digital 
thermometer and meloxicam (0.3 mg/kg subcutane-
ously, 5 mg/ml [Metacam; Boehringer Ingelheim and 
atipamezole (125 μg/kg IM, 5 mg/ml [Antisedan; 
Zoetis]) given. Anesthesia duration was defined as time 
from the treatment injection until the end of surgery.

Completion of surgery was defined as time 0 for all 
postoperative time points. All cats were placed in lateral 
recumbency for recovery and monitored every 15 mins, 
to determine return of sternal recumbency, defined as all 
four paws positioned under the body.14,15,21 Once sternal, 
the igloo, litter tray and food were placed in the kennel 
(approximately 20 g each of Purina Veterinary Diets 
Essential Care Adult Formula for Cats and Purina 
Veterinary Diets Essential Care Senior Formula for Cats). 
Time to begin eating was recorded, with cats observed 
every 60 mins from completion of surgery. Rectal tem-
perature measurement was repeated 60 mins 
postoperatively.

An assessment to determine need for rescue analgesia 
(buprenorphine 0.01 mg/kg IM, 0.3 mg/ml [Vetergesic 
Multidose; Champion Alstoe Animal Health]) was per-
formed by the veterinarian if the analgesic intervention 
threshold for the U-B MCPSpainex was crossed.

Statistical methods
Continuous data were assessed for normality with a 
D’Agostino Pearson omnibus normality test. Normally 
distributed data were analyzed with an unpaired t-test 
(time to sternal recumbency) and non-normally distrib-
uted data were analyzed with a Mann–Whitney test 
(age, weight, surgery duration, time from premedication 
to surgery, anesthesia duration). To ensure similar base-
line demeanor between groups, baseline demeanor 
scores were compared with a Mann–Whitney test.

A planned interim analysis was performed with sta-
tistical software (PASS 14.0.7; NCSS) to determine the 
final sample size required to test for equivalence in lev-
els of analgesia between treatment groups. With a power 
of 0.8 and alpha of 0.0125, after adjusting for multiple 
comparisons (baseline, postoperative hours 1, 2 and 4), 
approximately 12 animals were needed in each treat-
ment group to detect a difference in U-B MCPSpainex 
score of 1.5 at each time point (the 24 h time point was 
not included as a reduced number of available animals 
was predicted). A predetermined margin of equivalence 
was set as a median difference U-B MCPSpainex score 
ranging from −1.5 to 1.5 between groups, with equiva-
lence claimed if the 95% confidence interval (CI) of the 
median difference fell within this range. The target sam-
ple size was set at approximately 30 animals to increase 
power for the secondary objective (appetite: power of 
0.8, α = 0.05, for a 40% difference between groups in the 
proportion of animals eating at 1 h postoperatively). 
Postoperative temperature was analyzed with a one-
way ANOVA and Bonferroni multiple comparison test 
to compare immediate and 60 min postoperative tem-
peratures between groups. Owing to unequal group 
sizes, pain and sedation scale scores were analyzed with 
a Mann–Whitney test with P values corrected for the 
number of comparisons: comparisons between groups 
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were made at postoperative hours 1, 2 and 4 for sedation 
(significance set at P <0.017) and at baseline; postopera-
tive hours 1, 2 and 4 for pain (significance set at P <0.0125).

The number of cats eating at 1 h postoperatively and 
number of cats requiring isoflurane were analyzed with 
an Exact Unconditional Independence test.33

Where a U-B MCPSpainex score exceeding threshold 
was recorded, that score was carried forward for remain-
ing time points and included in the analyses. This treat-
ment of pain score data avoids underestimating pain 
and differences between treatments resulting from either 
excluding animals after administering rescue analgesia 
or by using pain scores following rescue analgesia. For 
the other pain assessment scales (U-B MCPSpsych and 
rCMPS-F), scores recorded at each time point were 
included in analysis. Data are presented as mean ± SD 
and median (range) with 95% CI of the difference 
(KetHD–AlfHD), where available. Unless otherwise 
specified, data were analyzed with commercial software 
(Prism version 7.0a; GraphPad Software).

Results
Sixty-seven cats were eligible for the study. Seventeen 
cats were excluded at various stages before data analy-
sis, including a mortality during recovery (Figure 1). The 
final study population consisted of 26 cats in the KetHD 
group and 24 cats in the AlfHD group. There were 33 
domestic shorthair and 17 domestic longhair cats.

Age, weight, surgery duration and time to attain ster-
nal recumbency after surgery were not significantly dif-
ferent between groups (Table 1).

Pain scores
Pain scores from the U-B MCPSpainex were equivalent 
between treatment groups, with no significant differ-
ences between time points and the 95% CI lying within 
the predetermined margin of equivalence (±1.5): base-
line, P >0.99 (95% CI 0–0); 1 h, P = 0.38 (95% CI 0–0); 2 h, 
P = 0.71 (95% CI 0–0); 4 h, P = 0.97 (95% CI 0–0) (Figure 
2). Four cats crossed the analgesic intervention threshold 
(KetHD, n = 1; AlfHD, n = 3) and two of these cats were 
given buprenorphine (KetHD, n = 1; AlfHD, n = 1).

Median U-B MCPS psychomotor pain scores did not 
differ between groups at any time point: baseline (KetHD 
0 [0–3], ALfHD 0 [0–3]; P = 0.23 [95% CI 0–0]), 1 h 
(KetHD 0 [0–3], ALfHD 0 [0–3]; P = 0.89 [95% CI 0–0]), 2 
h (KetHD 0 [0–4], ALfHD 0 [0–3]; P = 0.12 [95% CI 0–0]) 
or 4 h (KetHD 0 [0–3], ALfHD 0 [0–1]; P >0.32 [95% CI 
0–0]). The same pattern was observed with scores from 
the rCMPS-F scale, with no significant differences 
between groups at baseline (KetHD 0 [0–3], ALfHD 0 
[0–5]; P = 0.30 [95% CI 0–0]), 1 h (KetHD 0 [0–3], ALfHD 
0 [0–5]; P = 0.90 [95% CI 0–0]), 2 h (KetHD 0 [0–4], 
ALfHD 0 [0–6]; P = 0.63 [95% CI 0–0]) or 4 h (KetHD 0 
[0–4], ALfHD 0 [0–3]; P >0.25 [95% CI 0–0]).

Though results from the U-B MCPSpainex and 
rCMPS-F were broadly similar, there were small differ-
ences in the cats that crossed the intervention threshold 
of each scale. Four cats crossed the U-B MCPSpainex 
intervention threshold and five cats crossed the rCMPS-F 
intervention threshold (Table 2). Two cats crossed the 
intervention threshold of both scales at the same time 
point.

Eating
There was a significant difference in the proportion of 
cats eating by 1 h postoperatively (P = 0.039; Figure 3). 
At 1 h 65% (n = 17) of KetHD cats had begun eating vs 
88% (n = 21) of AlfHD cats. By 4 h 81% (n = 21) of KetHD 
cats had begun eating vs 92% (n = 22) of the AlfHD cats 
(Figure 3).

Sedation
All cats had a sedation score of 0 at baseline, 4 and 24 h 
postoperatively. At PM10 all but one cat in each group 
received the maximum sedation score of 4. More cats 
received a sedation score of 1 (‘wobbly’) at 1 h postop-
eratively in the KetHD (n = 17/26; 65%) than in the 
AlfHD group (n = 10/24; 42%). By 2 h, three cats in the 
KetHD group were assigned a score of 1, while all cats in 
the AlfHD group were assigned scores of 0. However, no 
significant differences were identified at individual time 
points (1 h, P = 0.15 [95% CI −1 to 0]; 2 h, P >0.24 [95% 
CI 0–0]; 4 h, P >0.99 [95% CI 0–0]).

There was no difference in immediate postoperative 
temperature between groups, though cats in the KetHD 
group had a slightly higher rectal temperature (0.6ºC  
difference) 1 h postoperatively (Table 1). There was  
no difference in the number of cats requiring supple-
mentation with isoflurane between treatment groups 
(KetHD, n = 5; AlfHD, n = 4 [P = 1.0]). The median inter-
val between premedication to the start of surgery was 
slightly longer in the AlfHD group (P = 0.004), with a con-
sequent increase in anesthetic duration (P = 0.01; Table 1).

Mean arterial blood pressure (KetHD, 88 ± 5 mmHg; 
AlfHD, 88 ± 6 mmHg), heart rate (KetHD, 128 ± 19 
beats per min [bpm]; AlfHD, 123 ± 26 bpm) and respira-
tory rate (KetHD, 33 ± 13 breaths/min; AlfHD, 43 ± 10 
breaths/min) values were within acceptable limits. 
Recorded values for SpO2 were low (KetHD, 90% [70–
97%; interquartile range 84–92%]; AlfHD 87% [78–99%; 
interquartile range 82–93%]).

One cat was found unresponsive in its cage approxi-
mately 15 mins after the end of surgery. After confirma-
tion of cardiac arrest, closed-chest cardiopulmonary 
resuscitation was performed for 25 mins without suc-
cess. The body was submitted for necropsy examination 
by a board-certified veterinary pathologist. Mild cardio-
megaly and limited microscopic changes were sugges-
tive of hypertrophic cardiomyopathy, though a definitive 
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cause of death could not be confirmed. This cat was in 
the KetHD treatment group and surgery had been 
uneventful.

Discussion
These data show that both ketamine- and alfaxalone-
based anesthesia protocols studied provide statistically 
equivalent levels of postoperative analgesia as part of a 
multimodal analgesia regimen. Furthermore, the 

alfaxalone-based protocol has the advantage of a poten-
tially shorter delay to begin eating postoperatively.

The decision to compare alfaxalone and ketamine was 
based on previous work showing that alfaxalone, com-
bined with dexmedetomidine and hydromorphone, 
resulted in minimal postanesthetic sedation.14 This is an 
appealing outcome, fulfilling the goal of ERAS, to 
achieve an optimal recovery, which is smooth and pain-
free.15,16 As the analgesic properties of alfaxalone are 

Enrollment

Allocation

Follow-up

Analysis

Assessed for eligibility (n = 67)

Excluded (n = 2)
- not meeting inclusion criteria (n = 2, 
elevated pain score, agression)
- decline to participate (n = 0)
- other reasons (n = 0)

Randomized (n = 65)

Allocated to intervention 
(ketamine, n = 35)
- received intervention (n = 34)
- did not receive intervention (n 
= 1, misinjection)

Allocated to intervention 
(alfaxalone, n = 30)
- received intervention (n = 29)
- did not receive intervention (n 
= 1, misinjection)

Lost to follow-up (n = 0)
Discontinued intervention (n = 8)
Treatment protocol deviation (n = 3)
Mortality (n = 1)
Postoperative hyperthermia (n = 3)
Orotracheal intubation due to 
hypoventilation (n = 1)

Lost to follow-up (n = 0)
Discontinued intervention (n = 5)
Treatment protocol deviation (n = 4)
Scrotal hematoma requiring second 
anesthetic for repair (n = 1)

Analysed (n = 26)
- excluded from analysis (n = 0)

Analysed (n = 24)
- excluded from analysis (n = 0)

Figure 1 A Consolidated Standards of Reporting Trials Statement (CONSORT) flow diagram showing the flow of animals 
through the study.34 Treatment groups are identified as ketamine or alfaxalone, combined with dexmedetomidine and 
hydromorphone
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unclear, it was important to compare its performance 
against ketamine, which does provide analgesia.27,28,35 
This was done through statistical testing for equiva-
lence.34 An equivalence trial differs from superiority test-
ing, the more common form of statistical testing in 
clinical trials in which the aim is to assess if one treat-
ment is superior to another, by instead assessing if one 
treatment is acceptably similar to another. In this study 
the question was: Is performance of a AlfHD acceptably 
similar to that of KetHD? The narrow 95% CI for the dif-
ference in U-B MCPSpainex scores between treatment 
groups fell within the predetermined margin of equiva-
lence, showing that the different treatments provided 
equivalent analgesia. The margin of equivalence was set 
at ± 1.5 as it was felt that a difference between groups 
greater than this represented a clinically important 

finding. An alternative approach would have been to use 
the number of animals requiring rescue analgesia as an 
indicator of differences between groups. However, as 
supported by the results, the use of a multimodal analge-
sia protocol in both groups makes it unlikely that large 
differences in rescue analgesia requirement would be 
identified.

It is highly likely that any difference in analgesia 
provided by ketamine is outweighed by the benefits of 
multimodal analgesia, with the inclusion of hydromor-
phone, meloxicam and lidocaine. Furthermore, related 
work using a similar multimodal approach has shown 
that pharmacological antagonism of the sedative and 
analgesic properties of dexmedetomidine, with ati-
pamezole, shortens recovery without compromising 
analgesia.15

In contrast to previous results using a similar anes-
thetic protocol,14 sedation levels did not differ statistically 
between treatment groups, though more cats in the 
KetHD group had measurable sedation at the 1 and 2 h 

Table 1 Demographic and perioperative data for 50 cats anesthetized for orchiectomy with intramuscular ketamine 
(KetHD) or alfaxalone (AlfHD) in combination with dexmedetomidine and hydromorphone and supplemented with 
oxygen

Variable KetHD (n = 26) AlfHD (n = 24) P value (95% CI)

Age (years) 0.6 (0.2–8.0) 0.7 (0.2–4.0) 0.99 (–0.4 to 0.3)
Weight (kg) 4.0 (1.5–6.1) 3.7 (1.5–5.9) 0.94 (–0.8 to 0.8)
Demeanor (baseline) 4 (0–6) 3 (0–8) 0.15 (0–2)
Surgery duration (mins)  2 (1–4) 1 (1–4) 0.59 (0–1)
Premedication to surgery time (mins) 17.5 (13.0–29.0) 20.0 (17.0–29.0) 0.004 (−5 to −1)
Anesthetic duration (mins) 19.0 (15.0–31.0) 22.0 (18.0–33.0) 0.011 (−4 to −1)
Postoperative temperature (°C) 38.1 ± 0.7 37.7 ± 0.5 0.15 (–0.1 to 0.8)
Temperature 60 mins after surgery (°C) 38.2 ± 0.8 37.6 ± 0.8 0.008 (0.1–1.0)
Time to achieve sternal recumbency (mins) 43.9 ± 19.9 45.0 ± 25.4 0.86 (–14.1 to 11.8)

CI = confidence interval

Figure 2 Plot of pain scale scores for the UNESP-
Botucatu multidimensional pain expression subscale (U-B 
MCPSpainex). The analgesia intervention threshold (>2/12) 
is indicated by the broken horizontal line. Symbols represent 
individual data points: ketamine–dexmedetomidine–
hydromorphone (gray triangles, n = 26 cats) and alfaxalone–
dexmedetomidine–hydromorphone (black circles, n = 24 
cats). Data are median and interquartile range. BL = baseline

Table 2 Cat identification number and pain assessment 
scale score for cats that crossed the analgesia intervention 
threshold of either the UNESP-Botucatu multidimensional 
pain expression subscale (U-B MCPSpainex) or revised 
Composite Measures Pain Scale-Feline (rCMPS-F)

U-B MCPSpainex rCMPS-F

Baseline A19:2 A19:5
1 A3:1, A19:4, A13:5 A3:4, A19:5, A13:3
2 K16:0 K16:4
4 K14:3, K16:2, K17:2, 

A8:3
K14:4, K16:4, K17:4, 
A8:0

24 – –

Where the intervention threshold was crossed for one scale, the 
corresponding score for the other scale is included. Bold data 
indicate cats that crossed intervention thresholds of both scales at the 
same time point. Intervention thresholds are >2/12 and ⩾4/16 for the 
U-B MCPSpainex and rCMPS-F, respectively
A = alfaxalone treatment group; K = ketamine treatment group
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time points. This lack of difference is likely to be multifac-
torial, including the absence of surgery and longer dura-
tion of anesthesia (40 mins, with isoflurane) in the 
experimental study and a lack of statistical power for this 
outcome in this study.

Comparing recovery speed and quality between stud-
ies in which an injectable anesthetic protocol has been 
employed is greatly hindered by variations in methodol-
ogy including, but not limited to, pain assessment, use and 
dose of pharmacological antagonists, drug doses, duration 
of surgery and anesthesia and evaluation of recovery.

The pain expression subscale, rather than the psycho-
motor subscale, of the U-B MCPS was used as the basis for 
equivalence testing as psychomotor subscale scores have 
been shown to be confounded by ketamine in an experi-
mental (non-surgical) anesthesia study.14 Additionally, 
using the pain expression subscale and confirming the 
even distribution of demeanor scores between groups 
controlled for the possibility of demeanor to influence 
pain assessment scores.21 The potential for ketamine and 
demeanor to interfere with behavioral responses under-
lines the importance of assessing scale performance in 
situations that may differ from those in which the scale 
was originally developed and tested. The recent introduc-
tion of feline-specific pain assessment scales that have 
undergone validity and reliability testing in clinically rel-
evant situations facilitates the comparison of results 
between studies.29,30 However, recent work has shown 
that the generalizability of these scales to all clinical situa-
tions should not be assumed: drug choice and demeanor 
can inhibit scale performance.14,21 The continued use of 
pain-assessment scales that have not been tested for 
validity or reliability does not necessarily invalidate indi-
vidual studies but limits generalizability of findings to 

different situations (animals, observers, drugs, proce-
dures, environment).

In general, where antagonism of dexmedetomidine 
(or medetomidine) is not performed, recovery time (var-
iably defined as time to extubation, displaying ‘awake’ 
behavior, time to sternal or standing) can be prolonged, 
exceeding 2 h.5,7,22 In the presence of reduced monitoring 
(frequency and intensity) during recovery, a period asso-
ciated with an increased incidence of death (61% of anes-
thetic and sedation related deaths in cats),36 this makes a 
strong case for antagonism of the α2-adrenergic agonist 
component of injectable protocols as a means of shorten-
ing recovery without compromising analgesia.2,15

There is no standard protocol for injectable anesthetic 
combinations using an anesthetic (ketamine or alfax-
alone), opioid (eg, butorphanol or hydromorphone) and 
α2-adrenergic agonist (dexmedetomidine or medetomi-
dine).4,7,14,15,21,22 Dose selection is typically based on vet-
erinarian experience and planned procedure. A recent 
dose-finding study, performed in cats undergoing minor 
procedures (wound cleaning and dressing change, radi-
ography, pin removal) suggested that 14 μg/kg dexme-
detomidine, 2.5 mg/kg alfaxalone and 0.3 mg/kg 
butorphanol, delivered IM as a single injection, produced 
the optimal quality of sedation/anesthesia with minimal 
side effects (vomiting, hypersalivation, respiratory 
depression, increased muscle tone), a smooth recovery 
and an acceptable total volume for injection.1,37 The dose 
selected here reflected a desire to attain a depth of anes-
thesia suitable for the planned procedure with minimal 
requirement for supplemental inhalational anesthesia, 
and was consistent with previous work.3,4,7 It is possible 
that a lower dose of dexmedetomidine, in the region of 15 
μg/kg, would provide suitable conditions for castration, 
in combination with multimodal analgesia.22

A dichotomy in the literature exists between neuter 
studies conducted with student surgeons vs experienced 
veterinarians. This is readily apparent in the extremes of 
reported surgery durations (and, consequently, anesthe-
sia) observed, ranging from approximately 12 to 
145  mins for ovariohysterectomy and 3 to 30 mins for 
castration.4,5,15,22,38 These large differences preclude com-
parisons between studies as differences in tissue trauma 
and drug pharmacokinetics are likely to produce clini-
cally relevant differences in pain and recovery.

When recovery is evaluated, a seemingly objective 
measure such as return of sternal recumbency is rarely 
defined in the literature, making comparisons between 
studies difficult. The definition applied here is the same as 
in previous studies by our group,14,15,21 but it is unknown 
if the stipulation for all four limbs to be tucked under the 
body is universal as most studies do not define this behav-
ioral outcome.1,3–5,22,35,39 To take a single recent example, 
Khenissi et al describe short times to return to sternal 
recumbency (15–30 mins) following administration of 

Figure 3 Percentage of cats eating at 1–4 h postoperatively. 
Stippled bars represent the ketamine-dexmedetomidine-
hydromorphone group (n = 26 cats) and black bars represent 
the alfaxalone-dexmedetomidine-hydromorphone group (n = 
24 cats)
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either alfaxalone (3 mg/kg) or ketamine (5 mg/kg) with 
dexmedetomidine (10 μg/kg) and butorphanol (0.2 mg/
kg) for feline castration surgery, despite not administering 
atipamezole.22 However, once the long surgical and anes-
thesia durations (approximately 27 and 50 mins, respec-
tively), involvement of student surgeons and stimulation 
to stand during recovery are taken into account it becomes 
clear that attempts to compare studies directly are 
difficult.

An unexpected and interesting benefit observed in 
the AlfHD group was the shorter time to begin eating 
postoperatively. It is unclear if this difference results 
from residual sedation in the KetHD group (coupled 
with associated behavioral changes), appetite suppres-
sion by ketamine, the interaction of the drugs given in 
combination or the possibility that alfaxalone stimulates 
appetite.13,40 To our knowledge, the effect of ketamine 
and alfaxalone on subsequent eating behavior during 
postoperative recovery has not been investigated in cats. 
Several anesthetic and adjunctive agents have been 
shown to promote appetite stimulation in animals, 
including propofol, maropitant and the benzodiaz-
epines.41–43 Chen et al showed that several neurosteroids, 
including alfaxalone, induced a dose-dependent increase 
in eating in adult male rats.40 This effect was reversible 
with picrotoxin, suggesting a gamma-aminobutyric acid 
A-mediated mechanism of action. Therefore, alfaxalone 
may directly stimulate appetite resulting in the early 
return of eating postoperatively. The implications of 
these findings to other surgeries and species in their role 
in ERAS requires further study.

The low number of cats that required rescue analgesia 
is similar to that reported elsewhere, using similar drug 
combinations.4,7,22 This contrasts with the high require-
ment for rescue analgesia when unimodal analgesia with 
butorphanol, a mu-opioid receptor antagonist kappa-
opioid receptor agonist, was used in feline ovariohyster-
ectomy.44 The use of buprenorphine for rescue analgesia 
was a compromise between its relatively slow onset of 
action but long duration of action compared with hydro-
morphone, and the likelihood of providing analgesia 
once a cat had returned home. The decision to provide 
rescue analgesia was based on a combination of the pain 
assessment scale and veterinarian judgment, as analge-
sia intervention thresholds are intended to guide clinical 
decision making.29,45,46

The SpO2 values were variable in both treatment 
groups and low values (<90%) were not uncommon. In 
principle, the presence of low SpO2 values indicates 
hypoxemia; however, the profound vasoconstriction 
resulting from dexmedetomidine may interfere with 
pulse oximeter performance.47 None of the cats was 
observed to be cyanotic, though observation of cyanosis 
is unreliable.48 Using a similar drug combination and the 
same pulse oximeter, but with a lower dose of 

dexmedetomidine (15 μg/kg), low values of SpO2 were 
not observed.15 And a study using a higher dose of 
medetomidine (equivalent to 30 μg/kg dexmedetomi-
dine) did not identify hypoxemia.6 Simultaneous arterial 
blood gas sampling would be required to differentiate 
between hypoxemia and equipment inaccuracy.

The death of a study cat was a sobering reminder of 
the risks of anesthesia, even when the intensity and fre-
quency of monitoring is increased as part of a clinical 
trial. We speculate that a fatal arrhythmia was precipi-
tated in a predisposed abnormal myocardium. Of the 
drugs given, dexmedetomidine and ketamine have the 
greatest cardiovascular effects. Dexmedetomidine causes 
coronary vasoconstriction, reducing blood flow to the 
myocardium, and ketamine increases myocardial work-
load and oxygen demand through sympathetic system 
stimulation.8,49 These changes are tolerated in healthy 
animals but the consequences are difficult to predict in 
the presence of hypertrophic cardiomyopathy with the 
associated risk of myocardial hypoperfusion. Following a 
debrief and discussion, it was decided to institute con-
tinuous observation of all cats during recovery from 
anesthesia until return of gross purposeful movement.

Conclusions
Alfaxalone or ketamine, in combination with dexmedeto-
midine and hydromorphone, provides equivalent and 
appropriate analgesia for feline castration. The system-
atic administration of atipamezole to speed recovery and 
early return to eating observed in the alfaxalone group 
promote the aims of ERAS in veterinary medicine.
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