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Abstract

Background: Alfaxalone is commonly used in veterinary anesthesia for the induction of general anesthesia (GA) in
dogs. However, it has been associated with dose-dependent cardiovascular depression. Therefore, the administration
of liposoluble, intravenous (IV)-administered injectable induction agents, such as alfaxalone, is recommended to be
based on the dog’s lean body mass (LBM).

Aim: To determine the influence of body condition score (BCS) on IV alfaxalone dose requirements to achieve
endotracheal intubation in dogs.

Methods: Prospective clinical study. A group of 34 dogs undergoing GA for diagnostic and/or surgical procedures,
body weight (BW) > 4 kg, BCS > 2, age 1-14 years, American Society of Anesthesiologists (ASAs) classification -
II1. Dogs were allocated to two different groups according to their BCS: non-overweight group (NOW) BCS: 3—5 and
over-weight group (OW) BCS: 6-9. All dogs were premedicated IV with methadone 0.2 mg kg™!, and anesthesia was
induced by a slow IV infusion of alfaxalone at 1 mg kg™' minute™, delivered with a syringe driver, until loss of jaw tone
and no/minimal gagging reflex sufficient to allow endotracheal intubation was achieved. The total dose of alfaxalone
and the occurrence of post-induction apnoea were recorded.

The Shapiro—Wilk test was performed to test for normality. A Chi-square test was performed to compare the incidence
of post-induction apnoea between groups, and the Mann—Whitney U test was performed to compare the induction dose
of alfaxalone between groups. A p-value < 0.05 was considered statistically significant.

Results: The mean dose + standard deviation of alfaxalone in NOW was 2.18 + 0.59 mg kg™!, and in OW, it was 1.63
+0.26 mg kg™! (p = 0.002). The sedation score did not differ between groups. Postinduction apnoea (PIA) occurred in
6 of 17 animals in NOW and 15 of 17 in OW (p = 0.002).

Conclusion: The dose of IV alfaxalone per kg of total body mass required to achieve endotracheal intubation was
lower in overweight dogs, suggesting that LBM should be considered when calculating IV anesthetic doses. The
incidence of post-induction apnoea was higher in overweight/obese dogs with alfaxalone administered at a rate of 1
mg kg™' minute™.
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Introduction General anesthesia (GA) can be defined as a state of
controlled, reversible intoxication of the central nervous

system (CNS) characterized by unconsciousness,

The term obesity refers to a medical condition
characterized by the accumulation of excessive amounts

of fat in the form of adipose tissue, with adverse effects
on the individual’s health status (Panuganti et al.,
2022). The definition of obesity in pets is controversial,
but the Global Pet Obesity Initiative and the American
Veterinary Medical Association (AVMA) now define it
as 30% over the ideal weight.

Obesity among domestic animals is an important health
concern, much like it is among humans. Nevertheless,
owners are often not aware of this threat. Previously
published research has indicated that 60% of domestic
dogs are overweight or significantly obese as a result of
various factors (Ronja and Koélle, 2021).

sensory deprivation to noxious stimuli, and muscle
relaxation, while maintaining adequate tissue perfusion
and oxygen delivery to the tissues (Brown et al., 2018).
However, many injectable and inhalant anesthetic
agents used to achieve these goals can have negative
side effects, such as a decrease in cardiac output (CO)
(Hardie et al., 1995).

A limited number of studies attempted to assess the
effects of extreme obesity on the pharmacology of
anesthetics. Love and Cline (2015) showed how
physiological and pharmacological variables can
be affected by obesity in small animal patients, with
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possible changes in coronary, respiratory, and endocrine
functions in dogs and cats. Based on these results, it may
be necessary to modify the perioperative care in obese
animals due to changes in body composition. These
changes may include an increase in fat percentage,
an increase in CO, an increase in kidney filtration, an
increase in the volume of distribution of liposoluble
drugs, a decrease in the volume of body water, and
a change in the plasmatic protein bond (Gouju and
Legeay, 2023).

Alfaxalone is a synthetic neuroactive steroid that
modulates muscle contractions and induces anesthesia
by binding to gamma-aminobutyric acid type A
receptors in the CNS (Muir ef al., 2008). Alfaxalone
is characterized by a rapid and smooth induction
followed by rapid recovery and moderate respiratory
depression related to the rate of administration, total
dose, and premedication agents. The characteristics can
be attributed to its short plasma half-life (Ferre et al.,
2006; Muir et al., 2008; Martin Bellido and Vettorato,
2022). Alfaxalone is a highly lipid-soluble and water-
insoluble molecule with an extensive volume of
distribution in cats (Whittem ez al., 2008). However,
research conducted in dogs revealed a significantly
reduced volume of distribution compared with propofol
(Dehuisser et al., 2019).

Alfaxalone is commonly used in dogs for induction
of GA. As a short-acting IV anesthetic agent, it
causes rapid loss of consciousness within 20—40
seconds of administration. In dogs and cats, however,
alfaxalone produces dose-dependent depression of the
cardiovascular system following IV administration
(Amengual et al., 2013).

Current recommendations based on previously
published data (Lotia and Bellamy, 2008; Green and
McLeay, 2011; Boveri et al., 2013) state that the
administration of liposoluble injectable anesthetic
induction agents, such as propofol and alfaxalone,
should be adjusted to the animal’s lean body mass
(LBM) due to the effect of the fat sink on the delay of
drug elimination time.

Boveri et al. (2013) demonstrated that obese dogs need
a lower propofol dose per kilogram than normal body
condition score (BCS) animals to enable intubation,
suggesting that IV anesthesia doses should be calculated
based on LBM.

The aim of this study was to determine the influence of
BCS on the dose of 1V alfaxalone required to achieve
endotracheal intubation in dogs. Our hypothesis was
that induction of GA and intubation after alfaxalone
administration in overweight dogs should be achieved
with lower doses compared to normal-weight animals.

Materials and Methods

The study included 34 client-owned dogs who
underwent diagnostic and surgical procedures under
GA. To ensure that all dogs were suitable for inclusion

in the study, a veterinary surgeon performed a complete
history reading and physical examination.

The inclusion criteria were: body weight (BW)
> 4 kg, BCS [Body Condition Scoring System, 1
(emaciated) to 9 (obese) (LaFlamme 1997)] > 3, age
1-14 years, American Society of Anesthesiologists
(ASAs) physical status category (2011) I-II (BCS 4-5)
and ASA physical status II-III (BCS >6). Dogs were
excluded from the study when they did not allow an IV
catheter to be placed without sedation due to behavioral
reasons. Animals with endocrinopathies, hepatic, renal,
or cardiac diseases were also excluded from the study
based on clinical examination and pre-anesthetic blood
tests.

The BCS of the dogs was categorized out of 9. Animals
were divided into two groups: Non-Over-weight Group
(NOW) if BCS 3-5 and Over-weight Group (OW) if
BCS > 6. Each group consisted of 17 dogs.

Behavior was scored using a simple descriptive scale
(SDS) of 1-3 previously published (Jiménez et al.,
2012), where a score of 1 represents a calm dog and
a 3 is a consistently nervous one. An IV catheter was
placed with an aseptic technique in a cephalic vein
in every dog. An IV dose of 0.2 mg kg™ methadone
(Synthadon 10 mg ml™!, Animalcare Limited, UK) was
administered to all the dogs before induction of GA. A
sedation score was assigned to dogs 10 minutes after
premedication. Sedation was scored using the scale
published by Grint et al. (2010), where a score of 0
represents no sedation while a score of 21 represents
profound sedation in the dog.

Anesthesia was induced immediately after the sedation
score by administering a slow IV infusion of alfaxalone
(Alfaxan multidose 10 mg ml', Jurox Pty Limited,
UK) at a rate of 1 mg kg™ minute™ delivered by a
precision syringe driver (Syringe Pump, BeneFusion
SP5, Mindray, China). This rate was determined from a
literature search concluding that, following methadone
premedication and low level of sedation, the velocity of
administration was expected to achieve a good quality
induction without a high incidence of postinduction
apnoea (PIA) (Bigby et al., 2017; Martin Bellido and
Vettorato, 2022). This induction rate was continued
until endotracheal intubation was achieved, which was
characterized by loss of palpebral reflexes and absent or
minimal gagging was present, enabling laryngoscopy.
Previously published scoring systems (Amengual et al.,
2013) were used to categorize the anesthetic induction
based on different scores, including induction score
(from 0—a smooth transition to 3—-marked paddling,
struggling, or vocalization) and intubation score (from
0—smooth intubation to 3—swallowing, coughing, and
gagging). The total dose of alfaxalone administered and
the quality of induction and intubation were recorded.
The ideal weight of each dog (in kg) was calculated
using the actual weight and the BCS of that dog. The
ideal BCS was defined as BCS 5; thus, every BCS value
above or below the ideal was taken as a 10% decrease
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Table 1. Percentage of change in actual body weight for
calculation of ideal body weight based on BCS (LaFlamme
2006).

Body condition score  Percentage increase/decrease
1 (+) 40%

(+) 30%

(+) 20%

(+) 10%

0%

(-) 10%

(-) 20%

(-) 30%

(-) 40%

O© 0 9 N U B W N

or increase, respectively, in percentage of kilograms of
the actual weight to calculate the ideal weight (Table 1)
(LaFlamme 2006). Once the ideal weight for each dog
was obtained, the corrected dose of the induction agent,
in mg kg, was calculated by dividing the total amount
administered (mg) by the ideal weight of the dog (kg).
Post-induction apnoea, defined as a period after
endotracheal intubation in which a patient fails to
breathe spontaneously for at least 15 seconds, was also
recorded (Murison 2001). As part of the procedure,
anesthesia was maintained for as long as it was required.
Statistical analysis

Statistical analysis was performed in SPSS Statistics
Editor Version 28 (IBM SPSS Statistics, International
Business Machines Corporation IBM, NY, USA). A
preliminary analysis of the sample size in dogs based
on previous research about alfaxalone induction
requirements but given “by hand,” suggested that for
80% power to detect a significant difference in the
amount of alfaxalone that was required for induction
(estimated at 0.5 mg kg'), a sample size of 17
individuals per group was required, with an alpha value
of 0.05.

The Shapiro—Wilk normality test was used to determine
the normality of the distributions of parametric data.
Unpaired #-tests were used to compare demographic
continuous data (ages, weights) between groups, while
chi-square tests were used to compare categorical
variables (sex breed, ASA status) between groups. A
Mann—Whitney U test was used to compare alfaxalone
induction requirements between groups.
Anesthesia-related post-induction apnoea and all
the reported scoring systems (induction, intubation,
sedation, and behavior score) were compared among
the groups using the Chi-square test. p-values <0.05
were considered statistically significant.

Ethical approval

This study protocol was approved by the Ethics
Committee of the Royal Veterinary College (URN:
M2020 0157).

Results

The study recruited 34 dogs, 17 dogs per group. The
NOW group included eight females (6 of which were
neutered) and nine males (6 of which were neutered).
The OW group included five females (4 of which were
neutered) and 12 males (9 of which were neutered).
Results are presented as mean (+ standard deviation,
SD) unless otherwise stated. No significant differences
were found between the groups regarding age (NOW
7.08 £ 3.61 years; OW 7.9 + 2.04 years), breed
(Table 2), or sex distribution (p = 0.84). In addition, no
differences were found regarding ASA status between
groups (p = 0.45).

The actual BW (NOW 20.9 £ 9.97 kg; OW 30.71 +
15.59 kg) was different between groups (p = 0.02), but
this difference became non-significant (p = 0.32) when
corrected to the ideal BW (NOW 22.01 + 10.01 kg; OW
23.97 £ 13.94 kg).

In group NOW, 2 were categorized as BCS 3, 5 as
BCS 4, and 10 as BCS 5. In group OW, five dogs were
classed as BSC 6, 5 as BCS 7, 6 as BCS &, and 1 as
BCS 9.

The sedation score and intubation score were 1 and 0
for all the dogs included in the study, respectively. The
median (range) behavior score was 2 (1-3) for both
groups, with no differences found between the groups
(p = 0.81). The induction median (range) score was 1
(0-2) for both groups, and the differences in induction
scores were not significant between groups (p = 0.77).
The mean alfaxalone dose required for anesthetic
induction based on the total BW was statistically
significantly different between groups (p = 0.002).
Dogs in group NOW required 2.15 £ 0.59 mg kg,
compared with dogs in group OW, which required 1.63
+0.26 mg kg ' (Fig. 1).

The mean values for the dose based on ideal BW (mg
kg™") were 2.08 + 0.53 for the NOW and 2.12 + 0.38
for the overweight group, and no statistical differences
were seen between the groups (p = 0.30) (Fig. 2).
Post-induction apnoea of more than 15 seconds
occurred in 5 of 17 dogs in group NOW and in 15 of 17
dogs in group OW (p = 0.002).

Discussion

According to the findings of this veterinary study,
overweight dogs required lower doses per unit of
BW of alfaxalone to achieve endotracheal intubation
compared to normal-weight dogs.

As in the veterinary literature about other liposoluble
anesthetics (Boveri ef al., 2013), the induction dose
of alfaxalone was statistically significantly lower
in overweight dogs. In obese human patients, it is
recommended to induce GA using LBM-based doses
because of the increased risk of side effects associated
with relative overdose (Ingrande et al., 2010).
Considering the direct correlation between LBM and
CO, LBM would be an appropriate scalar of IV drug

1361


http://www.openveterinaryjournal.com

1362

http://www.openveterinaryjournal.com
B. R. Pérez et al.

Open Veterinary Journal, (2023), Vol. 13(10): 1359-1365

Table 2. Distribution of dog breed among study groups, expressed in a total number of
dogs. NOW: non-overweight group. OW: over-weight group.

Breed

Group NOW (n=17)

Group OW (n=17)

Labrador Retriever
Cocker Spaniel
Jack Russell Terrier
Cross breed
Hungarian Vizsla
Shih Tzu

Golden Retriever
Siberian Husky
Bichon Frise
Staffordshire Bull Terrier
Newfoundland
French Bulldog
Havannese

English Sheepdog
Irish Terrier

Miniature Schnauzer

4
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—— Induction dose of alfaxalone (mg kg ) based on actual body weight
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Fig. 1. Induction dose of alfaxalone in mg kg™' administered
at a dose rate of 1 mgkg™" hour™ to dogs based on actual body
weight. NOW: non-over-weight group (body condition score
[BCS] 3-5). OW: over-weight group (BCS 6-9).

dosing (Collis et al., 2001; Ingrande et al., 2011). While
it is true that LBM can be calculated as the difference
between the total BW and the body fat mass, it is not
always possible to determine an accurate measurement
of body fat mass unless expensive techniques, including
deuterium oxide dilution and DEXA scanning, are used
(German, 2006).

Body condition scoring, which utilizes visual
assessment and palpation, is widely accepted as the
most reliable method of quantifying and evaluating
body composition and fat mass in clinical settings
(Burkholder and Toll, 2000). Typically, palpation is
used to evaluate the amount of fat surrounding the ribs,

mg kgt Induction dose of alfaxalone (mg kg ) based on ideal body weight

~

.Group NOW . Group OW

Fig. 2. Induction dose of alfaxalone in mg kg™' administered
at a dose rate of 1 mg kg™! hour™ to dogs based on ideal body
weight. NOW: non-over-weight group (body condition score
[BCS] 3-5). OW: over-weight group (BCS 6-9).

the presence of muscle mass in limbs, the appearance of
spine prominences, and loose skin in the neck region.
The scoring system that uses nine integers has become
the most widely accepted (Laflamme, 1997). However,
based on DEXA results (LaFlamme, 1997), no empirical
data have been provided regarding whether BCS can be
validated against gold standard methods of determining
fat mass. BCS ratings of 1-2 out of 9 are considered to
be in very poor condition, as the animals are extremely
thin, and all their bone features are clearly visible,
indicating poor health. A BCS of 8-9 out of 9 is an
indicator that an animal is on the other extreme end of
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the scale of obesity, whereas a BCS of 67 out of 9 is
associated with a moderately overweight animal.

We used the nine-point BCS scale as a subjective
measure of body fat in the present study, i.e., BCS
scores were used as conversion factors for estimating
body fat percentages from BCS scores. We found that
there were differences in the alfaxalone induction
requirements between overweight dogs (BCS 6-7, n =
11) and obese dogs (BCS 8-9, n = 6). However, there
were not enough obese dogs for meaningful tests to be
conducted, and therefore, further research is needed.
Based on our data and the comparison of animals of
similar BW (approximately 24 kg) but different BCS,
36 mg of alfaxalone was required to induce GA in a
dog with a BSC of 7/9, while 63 mg was required in a
dog with a BSC of 4/9. There would have been almost
no difference between the induction requirements
based on ideal BW (36/19.2 = 1.9 mg kg ™' and 63/26.5
= 2.3 mg kg'). Moreover, no significant differences
were observed in the induction dose requirements
of alfaxalone calculated based on ideal BW between
groups.

Behavior score was recorded as different behaviors
or levels of anxiety could have affected induction
dose requirements. No differences in behavior scores
between groups were noted before premedication;
therefore, this is unlikely to have influenced overall
induction dose requirements. However, as the behavior
score was not repeated after premedication, this cannot
be completely excluded as a confounding factor.

As an additional potential confounding factor, the age
of'the patient might have affected our results since it has
been reported that anesthetic induction requirements
decrease as the patient ages (Robinson et al., 1985). It
is important to note, however, that in this study, there
were no statistically significant differences between the
ages of both groups, so it is unlikely that the age of the
dogs influenced the outcome of the study.

Both groups had similar distributions of breeds between
them. Labrador Retrievers, Cocker Spaniels, Cavalier
King Charles Spaniels, and Scottish Terriers have been
found to have a significantly higher predisposition to
obesity than other breeds (Edney and Smith, 1986).
Furthermore, neutering can also have a significant
impact on the BCS (Edney and Smith, 1986; McGreevy
et al., 2005; Lund et al., 2006). As the breeds and
genders were equally distributed among the groups
in our study, these factors did not appear to influence
the results. It should be recognized, however, that this
study was not intended to determine the impact of
individual breeds or sexes on BCS and, therefore, the
required dose of alfaxalone.

It was statistically significant that overweight dogs
were more likely to develop post-induction apnoea
in our study, despite the same alfaxalone dose
requirements between groups when scaled according to
ideal BW. Obesity reduces the total lung volume and

functional residual capacities and may increase the risk
of hypoventilation during anesthesia.

Another possible factor influencing the incidence
of apnoea is the differences in body fat content and
pharmacokinetic differences between non-overweight
and obese patients. These differences cause a relatively
higher alfaxalone concentration to reach the brain in
individuals with an excessive body fat percentage and
could have influenced the incidence of apnoea.
According to Amengual et al. (2013), alfaxalone
has been reported to induce transient respiratory
depression when given by IV injection following rapid
administration. Some redistribution into the fat mass
may have been possible after the anesthesia induction
process due to the relatively slow infusion of alfaxalone
rather than a rapid bolus. It is important to consider
that the fat mass available for such redistribution
is relatively greater in overweight and obese dogs
compared to normal-weight dogs.

Theoretically, an increase in fat percentage should
equate to an increase in CO, kidney filtration, and an
increase in the volume of distribution of liposoluble
drugs. However, the results of this study are in
contradiction with this concept, which may raise some
controversy about the correlation between alfaxalone
plasma concentration and its effects at the site of
action.

However, the study design was limited to the clinical
endpoint, and no pharmacokinetic data was collected.
Further pharmacokinetic studies are needed to
evaluate the correlation between alfaxalone plasmatic
concentrations and these effects in overweight dogs.
There are several limitations in our study. Our study
was conducted in relatively healthy patients categorized
as ASA physical status I-III as it was appropriate first
to quantify adverse effects in a relatively healthy
population of dogs. Furthermore, the inclusion of
underweight and ideal BW dogs in the same group
could have affected the interpretation of the results.
One limitation is the lack of a repeated behavior score
after methadone was administered IV to every dog.
However, because of the low sedation scores recorded
during the study, the authors believe that a repeated
behavior score would have been similar and unlikely to
affect the results of the study.

Another limitation is the subjectivity of the nine-point
BCS scale. However, to standardize this bias, all the
dogs were assessed and assigned a BCS by the same
assessor. To improve the accuracy of this subjectivity,
further studies with the median of multiple assessments
by different assessors could be considered.

A possible limitation is that the dosage of methadone
was calculated based on the total BW, which could
have influenced the results. However, there were no
significant differences between groups in the degree of
sedation after the administration of methadone; hence,
it seems unlikely any bias was added by the dosage of
methadone.
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The endpoint of the anesthetic administration, defined
as loss of palpebral reflexes and no/minimal gagging
sufficient to allow endotracheal intubation, was assessed
by the same operator in all the dogs and who was not
blinded to the group allocation, which could have
introduced bias in the results. Thus, this is a limitation of
our study. Nevertheless, the same assessor intubated all
patients, and alfaxalone was delivered by syringe driver
to minimize variation in this subjective endpoint.

All dogs were anesthetized with a slow IV infusion of
alfaxalone at arate of 1 mg kg ' minute™ delivered with a
precision syringe driver. In healthy dogs, alfaxalone has
been studied in both clinical and supraclinical dosages
(Muir et al., 2008), but very little information has been
gathered regarding the effect of injection speed.

The induction doses of alfaxalone required to achieve
intubation increases when these drugs are administered
at faster rates (Bigby ef al., 2017), so the rate chosen in
the present study may have affected the total amount
of alfaxalone administered. Based on the findings
of Bigby et al., 2017, the rate at which alfaxalone is
administered has a significant impact on the amount
of alfaxalone needed to induce GA in healthy dogs.
In our study, the rate of administration was lower than
the faster rate described by Bigby et al. (2 mg kg'!
minute'). However, the average induction dosage
of alfaxalone required based on ideal BW is similar.
Infusion rates used to achieve the same dosage of
alfaxalone varied between studies, possibly because
of differences in premedication protocols. In the
study previously mentioned, dexmedetomidine and
methadone were administered IM, whereas in this study,
only methadone was administered. Thus, it is likely
that there was a difference in sedation and CO in dogs
receiving dexmedetomidine that caused a difference
in the alfaxalone dose required. Nevertheless, all the
dogs included in this study received the same infusion
rate, so it is unlikely to have influenced the differences
between the groups.

No cardiovascular parameters were evaluated in the
study, so further studies are indicated to elaborate if the
differences found between groups are accompanied by
any differences in the cardiovascular system.

Conclusion

In conclusion, the dose of IV alfaxalone per kg of total
body mass required to achieve endotracheal intubation
was lower in overweight dogs, suggesting that LBM
should be considered when calculating IV anesthetic
induction doses. The incidence of post-induction apnoea
was higher in overweight/obese dogs when alfaxalone
was administered at a rate of 1 mg kg™' minute™.
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