Microbial integrity of preservative-free alfaxalone
in a multiple-use system for two storage conditions
and three handling techniques
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PROCEDURES
2 storage conditions (room temperature, 22°C; refrigerated temperature,
4°C) and 3 handling techniques (closed system transfer device, nonclosed
dispensing pin, and manufacturer-supplied vial stopper) comprised 6 treatment groups (3 replicates/group). An aliquot (0.5 mL) was withdrawn from
each vial daily for 14 days. Samples were immediately inoculated into tryptic
soy broth and incubated at 36°C for 24 hours; samples were subcultured
onto 5% Columbia sheep blood agar and incubated for 48 hours. Isolated
colonies were evaluated for identification.
RESULTS
There was no evidence of microbial contamination of vials stored for 7 days
in refrigeration and handled with a protected port (closed system transfer
device or nonclosed dispensing pin).
CONCLUSIONS AND CLINICAL RELEVANCE
The US FDA prohibits the use of alfaxalone beyond 6 hours after the vial stopper is broached (punctured), as mandated for a preservative-free injectable
medication. Findings for the study reported here supported the use of alfaxalone for 7 days when refrigerated and handled with a single puncture of the
stopper by use of a protected port (closed system transfer device or nonclosed
dispensing pin). This would appear to be a practical alternative for an injectable
anesthetic. It would minimize drug waste and the subsequent environmental
impact for disposal of unused drug and allow standardization of storage and
handling protocols for alfaxalone use in veterinary practices across the United
States. (Am J Vet Res 2018;79:704–710)

A

lfaxalone (3α-hydroxy-5α-pregnane-11,20-dione)
is a neurosteroidal anesthetic agent that is an
agonist of the γ-aminobutyric acid type A receptor,
which casuses a reduction in arousal and awareness.1
This anesthetic was first approved for use in dogs
and cats by the US FDA in 2012.1 The previous formulation, alfaxalone-alfadalone, was associated with
histamine release and anaphylaxis, which resulted in
its withdrawal from the veterinary market.2,3 The alfaxalone-alfadalone agent was reformulated (the castor oil surfactant was replaced with 2-hydroxpropylβ-cyclodextrin), which induced aqueous solubility
and expanded the routes of administration to include
IV, IM, intraperitoneal, and immersion.4 This enhanced the innate drug attributes that included rapid
ABBREVIATIONS
CSTD Closed system transfer device
NCDP Nonclosed dispensing pin
USP
US Pharmacopeia
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onset of action without drug accumulation, muscle
relaxation, rapid anesthetic recovery, and minimal
cardiorespiratory depression.5,6
Medical care of wild animals in zoological collections or exotic animals kept as household pets commonly requires chemical immobilization to facilitate
even the simplest diagnostic procedures (eg, physical examination, venipuncture, or radiography). Reasons to consider use of sedation or anesthesia include
patient size, accessibility, safety, lack of effective
manual restraint, or minimization of patient stress.
Therefore, use of a safe and effective anesthetic such
as alfaxalone that can be administered IM could
prove beneficial. The efficacy of alfaxalone has been
evaluated in a variety of species, including rabbits,7,8
ferrets,9 rodents,10,11 wallabies,12 birds,13,14,a amphibians,15–18 reptiles,19–24 and fish.25,26 The small size of
exotic or zoo animals often requires administration
of small volumes of drugs to achieve the desired anesthetic effect. A vial of alfaxalone contains 10 mL;
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thus, the small volumes of alfaxalone administered to
exotic or zoo animals will often result in drug wastage and a subsequent environmental impact associated with the disposal of the unused portion of an FDA
class IV controlled substance.1 Drug wastage may
equate to a notable limitation for use of alfaxalone in
zoological medicine, despite its beneficial anesthetic
characteristics.
The Australian label of alfaxalone permits storage
of a broached vial at 4°C for up to 7 days, providing
contamination is avoided.27 However, US FDA product labeling prohibits the use of alfaxalone beyond
6 hours after a vial is broached, and the USP chapter
797 mandatory standard for sterile compounding also
requires that this preservative-free injectable be discarded 6 hours after opening.28,29 The potential for
bacterial colonization of propofol, alfaxalone, and
thiopental has been investigated, and it was concluded that alfaxalone is a less favorable medium for bacterial growth than is propofol.30 Although alfaxalone
does not have the bactericidal properties of thiopental, there was no evidence of bacterial colonization
within the vials of alfaxalone.30 This raises concerns
as to whether the 6-hour broaching claim for alfaxalone is warranted.
To the authors’ knowledge, there have been no
published reports about the requirement for use of
alfaxalone within 6 hours after a vial is opened. The
objective of the study reported here was to evaluate
the microbial integrity of preservative-free cyclodex-

trin-based alfaxalone in a multiple-use system over
a 14-day period with 2 storage conditions (room
temperature and refrigerated) and 3 handling techniques (CSTD, NCDP, and manufacturer-supplied vial
stopper). Our null hypothesis was that refrigeration
of preservative-free alfaxalone would result in no
microbial growth for at least 7 days, regardless of
the collection system that was used. Furthermore, if
microbial growth were identified, we predicted that
refrigeration or use of a CSTD (or both) would result in less microbial contamination, compared with
growth for storage at room temperature or the other
handling techniques.

Materials and Methods
Sample

Twenty-two vials of alfaxaloneb were obtained for
use in the study. Three handling techniques (CSTD,
NCDP, and manufacturer-supplied vial stopper) were
evaluated (Figure 1). The CSTDc was a port designed
for veterinary safety during collection of chemotherapeutic agents, whereby there was only a single puncture of the vial stopper during placement, and the
CSTD maintained a neutral, contained-pressure system that eliminated the risk that the product would
aerosolize. The NCDPd was designed for dispensing diluent or additive through a single puncture of a multidose rubber-stoppered vial; it also was fitted with a
filtered vent to maintain neutral air pressure during

Figure 1—Photographs of 3 handling techniques (CSTD [A], NCDP [B], and manufacturer-supplied vial stopper [C]) and the
attached 3-mL Luer-lock syringes used to obtain 0.5-mL samples for evaluation of the microbial integrity of preservative-free
alfaxalone.
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manipulation. The vial stopper handling technique
involved use of only the original manufacturer’s
rubber stopper, and it required 1 puncture/sample
withdrawal.

Study design

The study included 6 treatment groups (3 handling techniques, each of which was evaluated at 2
temperatures). All treatment groups were replicated
in triplicate (3 vials/group). There were 2 negative
control groups (1 for each storage temperature), each
of which was replicated in duplicate (2 vials/group).
Two storage conditions were used: room temperature (approx 22°C) and refrigerated (4°C).

Medium preparation and storage

Preparation of commercially available tryptic soy
brothe was conducted as per manufacturer instructions. Five milliliters of broth was aseptically pipetted
into a sterile culture tube.f The medium was incubated at 36°C for 24 hours prior to use to confirm it was
free from contamination. Uninoculated tryptic soy
broth was stored at 4°C until used; broth was used
within the subsequent 14 days. Additionally, commercially available blood agar platesg were refrigerated at
4°C until streak plating was performed, after which
the plates were incubated at 36°C in accordance with
the study protocol.

Sample collection and evaluation

Initial puncture of the rubber stopper for each
alfaxalone vial (day 1) for the CSTD and NCDP groups
was performed by North Carolina State University
Veterinary Pharmacy staff in an International Organization for Standardization 5 clean room in compliance with all requirements in USP chapter 797 to
ensure that microbial contamination was not introduced by access devices.29 The vials were maintained
in light-protected, categorized drawer compartments
(refrigerated and room temperature) in a controlled
medication dispensing system h for the duration of
the study. Control vials were prepared similarly, but
the rubber stopper of each control vial was not punctured until day 14 of the study. Sterile 70% isopropyl
alcohol prep padsi were used to swab each port or
rubber stopper immediately before sample collection. An aliquot (0.5 mL) was withdrawn daily for
14 days from each vial by use of a 3-mL syringej attached directly to the port (CSTD and NCDP) or to
a 22-gauge needlek (manufacturer-supplied vial stopper). Within 30 minutes after collection, each sample
was aseptically transferred by use of a new sterile
22-gauge needle into individual, labeled tubes containing tryptic soy broth. Tubes were incubated for
18 to 24 hours (ie, enrichment) in an incubator (36°C
with atmospheric conditions) and then examined for
visible growth. Positive growth was defined as overt
turbidity of the broth, whereas negative growth was
defined as a transparent light amber broth. Samples
with a positive result for the enrichment incubation
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were subcultured onto a blood agar plate. In addition,
at the discretion of the investigators, samples could
be subcultured onto a blood agar plate on alternate
days throughout the study, beginning on day 1. Tubes
of tryptic soy broth were mixed on a vortex device,
and samples then were streaked on plates for isolation. Plates were incubated (36°C) and evaluated for
microbial growth at 24 and 48 hours. Additionally,
when growth was identified on a blood agar plate,
repeated subculture of the enrichment tryptic soy
broth was performed, and tryptic soy broth from the
day before and the day after the sample that yielded
the microbial growth was subcultured to assess vial
contamination versus sample handling error. The
same investigators executed sample collection, evaluation, and microbial assessment for the duration of
the study.

Statistical analysis

Descriptive statistics were used to evaluate categorical variables collected throughout this study.
Samples were recorded as positive for microbial
growth or negative for no microbial growth. Binary
logistic regression was performed with commercially
available statistical softwarel to analyze relationships
between categorical data. Values were considered
significant at P < 0.05.

Results
Results indicated no evidence of microbial
growth consistent with vial contamination for at least
7 days in vials with a protected port (CSTD or NCDP)
that had been refrigerated. Overall, there was negative growth for the study period, with a few sporadic
positive results for microbial growth on blood agar
plates. Positive growth was evident as a single bacterial colony or a few bacterial colonies per plate.
Handling technique, storage condition, and sample
day had no significant effects on microbial growth in
tryptic soy broth.
Six of the 22 samples yielded bacterial growth,
and none of these 6 samples had repeated instances
of bacterial isolates on subsequent days of evaluation.
On day 3, 1 manufacturer-supplied vial stopper stored
at room temperature yielded growth in the enrichment tryptic soy broth; we isolated Bacillus spp on a
blood agar plate. Five samples yielded negative results
for enrichment tryptic soy broth but yielded bacterial organisms on blood agar plates. This included 2
vials on day 7 (1 manufacturer-supplied vial stopper
at room temperature and 1 refrigerated CSTD) and
3 vials on day 13 (1 manufacturer-supplied vial stopper at room temperature, 1 refrigerated manufacturer-supplied vial stopper, and 1 refrigerated NCDP).
All observed bacterial isolates (positive growth) on
blood agar plates subsequently yielded negative results when repeated plate inoculation was performed
with a sample from the same tube. In total, 5 of 6 bacterial isolates were identified on day 7 or later, and 4
of the 6 were in the manufacturer-supplied vial stop-
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per groups. The control vials all had negative results
for microbial growth at day 14 for both broth and the
blood agar medium. The number of vials that yielded
microbial growth did not differ significantly among
the 6 treatment groups or the control group and also
did not differ significantly across period of storage.

Discussion
Results of the study reported here indicated that
there was no microbial growth in preservative-free
cyclodextrin-based alfaxalone for vials with a protected port system (CSTD or NCDP) and refrigerated
for up to 7 days. Only 1 sample yielded evidence of
microbial contamination in the tryptic soy broth enrichment tube (turbidity) and also yielded recovery of
a bacterial isolate from the blood agar plate. Because
this vial had negative results for microbial contamination of all subsequent samples and test media, and the
organism identified was a common environmental
contaminant, it was likely not an important finding in
the study. It may be possible that the Bacillus organism isolated at that collection point died before subsequent collections; however, molecular methods were
not used to confirm the absence of this organism.
To our knowledge, the study reported here was
the first in which the microbial integrity of preservative-free alfaxalone has been evaluated, and we did
not find significant outcomes of microbial contamination on the basis of period of storage, temperature
of storage, or port handling techniques. The present
study was an extended sterility study, which currently is allowable (according to USP chapter 797) to extend the beyond-use time for sterile preparations.28,29
The Australian label for alfaxalone states that use is
preferred within 24 hours after a vial is broached;
however, if necessary, storage of broached vials is
permitted at 4°C for up to 7 days, providing contamination is avoided, which implies chemical stability
for 7 days in a refrigerator.27 The Australian label also
states that the solution must remain clear, colorless, and
free from particulate matter.27 Hypotheses for the present study were delineated on the basis that aseptically
collected alfaxalone should remain free from contaminants for at least 7 days if stored at 4°C, in accordance
with the Australian label. Thus, the study reported here
was conducted to evaluate microbial integrity with various storage and handling techniques in an attempt to
pursue standardization of a multiple-use protocol for alfaxalone in the United States.
Staphylococcus spp, Streptococcus spp, Pseudomonas spp, and Escherichia coli were considered to
be target bacteria on the basis that they would be the
most likely environmental contaminants. The study
design involved a stepwise culture technique, with an
initial qualitative assessment that was followed by a
blind subculture for microbial isolation and identification, when necessary. Tryptic soy broth was selected as
a general-purpose medium for cultivation of fastidious
and nonfastidious microorganisms, including common
aerobic, facultative anaerobic, and anaerobic bacteria

and fungi.31 Columbia sheep blood agar was used owing
to an ideal general performance for culture of fastidious
organisms with rapid growth, clearly defined zones of
hemolysis, and good colonial differentiation.32 Furthermore, microbial isolation and identification were not required during the study because of the lack of growth
indicative of vial contamination, which negated the
need for this assessment.
Three handling techniques were selected to represent 3 tiers of sterility, as determined on the basis
of the clinical experience of the authors. The use of
a CSTD was not required as a biohazard safety for
the investigators because this is unnecessary for alfaxalone; however, the CSTD could potentially have
blocked the transfer of contaminants into the system
and maintained sterility of the medication. In a 2016
study,33 it was determined that use of a manufactured
CSTD extended sterility of a chemotherapeutic agent
and could minimize drug shortages and medication
waste and result in cost savings. The duration of
the present study was 14 days, which dictated that
0.5-mL aliquots be withdrawn from each 10-mL vial
on a daily basis, while accounting for expected dispensing losses.
The present study did not include positive-control vials because of the results of a previous study30
conducted to evaluate microbial colonization of vials containing propofol, alfaxalone, and thiopental
injectable solutions. Results of that study30 indicated
that growth of Staphylococcus aureus is not supported by alfaxalone when direct inoculation is performed, as evident by the fact that constant numbers
of bacteria were initially maintained but numbers proceeded to decrease thereafter. Conversely, E coli had
exponential growth in alfaxalone, which was similar
to results for the propofol vial, although there was a
24-hour lag phase for bacterial adaptation required.30
Alfaxalone does not possess bactericidal properties,
contrary to results for thiopental.30 Ultimately, one
would expect consistent and reproducible growth of
a single bacterial agent or a mixed colony if vial contamination occurred during a study.34
Although sporadic growth of bacteria was observed in the study reported here, it could be explained on the basis of laboratory error in the sample
handling stages. Microbial assessments were not performed in laboratories designed for sterility testing;
they were conducted in an active microbiology laboratory. A single bacterial colony or a few bacterial
colonies were identified on the 5 plates with positive
growth, whereas the respective enrichment broth remained transparent, and repeated plating yielded no
bacterial growth. There was 1 manufacturer-supplied
vial stopper stored at room temperature that yielded
bacterial growth on day 3 (turbidity of the tryptic soy
broth and marked bacterial growth on the blood agar
plate), which we believe indicated that there was
an error in aseptic technique at the point of sample
transfer into the enrichment broth after the sample
was collected from the vial. Because subsequent sam-
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ples from that vial yielded no growth, this supported
the contention that the vial contents remained sterile, although definitive conclusions cannot be made
without molecular diagnostic testing, which was not
within the scope of the present study.
For the other samples that had positive growth,
contamination likely occurred during streaking on
the blood agar plates, as indicated by transparent enrichment broth and negative results for samples of
tryptic soy broth obtained from the day before and
the day after the sample that yielded the microbial
growth. Results of the study reported here suggested
that drug collection performed in accordance with
aseptic techniques alone may be sufficient to prevent
vial contamination for at least 14 days. Furthermore,
we cannot comment as to whether the cyclodextrin
vehicle may have also created a less favorable environment for microbial colonization. To minimize
study variability, the same investigators performed
the sample collection, sample transfer, and plate
streaking, and microbial growth was evaluated by a
single microbiologist.
The microbial integrity of multidose vials has
been investigated with regard to withdrawal rate,
and it was concluded that this is a separate factor for
vial contamination.35 Although that conclusion may
be specific for multidose vials that contain preservatives, it may also translate to alfaxalone if aseptic
technique is maintained. Additionally, experiments
conducted to evaluate multidose vials for maintenance of sterility reveal that bacterial contamination
is not a significant hazard when low-level contamination is induced.36 However, lethal septic shock of
a dog has been reported37 after IV administration of
contaminated propofol; the contamination was associated with the fact that the single-use recommendation had not been followed.
The USP currently defines a multidose vial as a
liquid medication intended for parenteral administration that contains more than 1 dose of medication
and typically contains an antimicrobial preservative
to help prevent the growth of bacteria.29 The beyonduse-date of 28 days refers to the time after which an
opened or accessed multidose vial should be discarded, unless otherwise defined by the manufacturer.29
Conversely, a single-dose or single-use vial is defined
as a liquid medication intended for parenteral administration to a single patient for a single case or procedure per injection and typically lacks an antimicrobial preservative.29 A single-dose vial is to be discarded
according to the time specified by the manufacturer,
at the end of the procedure, or no later than 6 hours
after initial puncture if maintained within an International Organization of Standardization 5 environment.29 The beyond-use date for a sterile preparation
is based on microbial integrity as well as chemical
stability over time.29 Chemical stability testing was
deemed cost prohibitive, and chemical stability was
not evaluated in the present study. However, anecdotal clinical use of alfaxalone over a 14-day period after
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initial puncture of a vial has not indicated a change
in the quality of the intended anesthetic effects. Furthermore, the Australian label for alfaxalone allows
for use of vials stored for up to 7 days in a refrigerator, which indicates the manufacturer’s confidence in
chemical drug stability for a minimum of 7 days.27
We recognize that the alfaxalone vials did not contain preservatives to prevent microbial contamination;
despite this fact, however, testing of 14 aliquots/vial
over a 14-day period did not result in conclusive vial
contamination in any of the 18 vials in the 6 treatment
groups. This conclusion was reached despite the positive growth for a broth sample on day 3 (manufacturersupplied vial stopper stored at room temperature) and
on blood agar plates for sporadic samples (both storage
conditions) after day 7. In accordance with a chemical
stability of 7 days and the risk of contamination at > 7
days, although considered minimal, we believe the results of the present study advocate for extending the use
of alfaxalone for up to 7 days after a vial is broached. Because the tryptic soy broth sample with bacterial growth
on day 3 was stored at room temperature, refrigeration
at 4°C is the recommended storage condition. Although
results of the study reported here suggested that alfaxalone maintained microbial integrity for 14 days, there
is concern that there could be transient vial contamination, which could lead to devastating clinical consequences. Therefore, additional evaluation of alfaxalone
chemical stability and further study of the extension
of alfaxalone use after a vial is opened are warranted
because a larger sample size may indisputably confirm
bacterial contamination attributable to underlying laboratory error versus true vial contamination.
The 4 negative-control vials were not punctured
until the conclusion of the study. They yielded no
bacterial growth, which indicated that bacteria did
not cross the rubber stopper of the vial. Other factors
that may have affected vial contamination include appropriate use of aseptic technique by personnel, ability of the rubber stopper to maintain integrity after
multiple punctures, and injection of environmental
air into the vial during sample collection.35 The investigators used appropriate aseptic technique for
withdrawal of each sample; the port or rubber stopper was initially swabbed with a 70% isopropyl alcohol pad, and sterile syringes and needles were used
for sample collection. The collection of samples was
performed within the North Carolina State University Veterinary Teaching Hospital; this confirmed that
aseptic technique can be successfully executed in an
active veterinary hospital. No comments can be made
with regard to the ability of the rubber stopper to
maintain integrity after multiple punctures or the potential impact of the injection of environmental air.
The extended sterility of alfaxalone detected in
the present study could have a beneficial impact on
the field of zoological medicine, particularly exotic
pet medicine. Alfaxalone provides adequate chemical restraint for the performance of routine diagnostic tests or minimally invasive procedures in a vari-
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ety of small exotic pets, such as rabbits,7,8 ferrets,9
rodents,10,11 and reptiles.19–24 From a clinical perspective, a common IM dose for rabbits is 2 mg/kg. This
equates to 0.4 mL of drug for a 2-kg rabbit and 9.6 mL
of unused drug remaining in a 10-mL vial, which represents massive drug wastage. Fortunately, results of
the study reported here supported the fact that small
volumes of drug can be collected from the same vial
over a 7-day period before it would be necessary to
discard the vial because of concerns about microbial
contamination. Therefore, results of this study will
likely encourage the use of alfaxalone and subsequently minimize the drug waste for this FDA class
IV controlled substance.
To our knowledge, the microbial integrity of alfaxalone under various handling and storage conditions has not previously been evaluated. Results of
the present study indicated that alfaxalone may be appropriate for multiple-use protocols for up to 7 days
after the vial is initially punctured provided the vial
is maintained in refrigerated storage and the drug volume is collected by use of aseptic techniques with a
single puncture of the stopper with a CSTD or NCDP.
These findings provided support for the use of alfaxalone in small exotic animals by minimizing drug
waste and the subsequent environmental impact for
disposal of unused drug after administration of small
volumes. Additionally, results of this study could
serve to aid in standardizing storage and handling
protocols for alfaxalone use in veterinary practices
across the United States. Additional studies on the
microbial integrity of preservative-free medications
and their use in veterinary practice are warranted.

References
1.

2.
3.
4.

5.
6.
7.
8.
9.

10.

11.

12.

Acknowledgments
Supported by Jurox Pty Ltd.
The authors declare that they have no financial or personal
relationships with Jurox Pty Ltd or other people or organizations
that could have inappropriately influenced or biased the content
of the manuscript.
The authors thank Gigi Davidson, Dan Aber, and Anna Rogers
for technical assistance.

Footnotes
a.

b.
c.
d.
e.
f.
g.
h.
i.
j.
k.
l.

13.

14.
15.

Baldrey V. Assessment of alfaxalone as an anaesthetic induction agent in mute swans (Cygnus olor). DZooMed thesis, Royal College of Veterinary Surgeons, London, England,
2014.
Alfaxan, Jurox Inc, Kansas City, Mo.
MILA CHEMO Safety System, MILA International Inc, Florence, Ky.
Mini-Spike dispensing pin, B. Braun Medical Inc, Bethlehem,
Pa.
BD Bacto tryptic soy broth, Thermo Fisher Scientific,
Waltham, Mass.
Disposable culture tubes, 16 X 150 mm, Thermo Fisher Scientific, Waltham, Mass.
Trypticase soy agar with 5% Columbia sheep blood, Remel,
Lenexa, Kan.
Omnicell supply cabinet, Omnicell Inc, Mountain View, Calif.
MediChoice, Owens & Minor Inc, Mechanicsville, Va.
Monoject 3-mL Luer-lock syringes, Covidien LLC, Mansfield,
Mass.
Monoject 22-gauge needle, Covidien LLC, Mansfield, Mass.
SPSS Statistics, version 24, IBM, Armonk, NY.

16.
17.
18.
19.
20.

21.
22.

US FDA. Freedom of Information Summary, Original New
Animal Drug Application [NADA] 141 to 342. Alfaxan. September 6, 2012. Available at: www.animaldrugsatfda.fda.gov/
adafda/app/search/public/document/downloadFoi/899.
Accessed May 18, 2018.
Child KJ, Currie JP, Davis B, et al. The pharmacological
properties in animals of CT1341—a new steroid anaesthetic
agent. Br J Anaesth 1971;43:2–13.
Watt JM. Anaphylactic reactions after use of CT 1341 (althesin). Br Med J 1975;3:205–206.
Brewster ME, Estes KS, Bodor N. Development of a nonsurfactant formulation for alfaxalone through the use of
chemically-modified cyclodextrins. J Parenter Sci Technol
1989;43:262–265.
Ferré PJ, Pasloske K, Whittem T, et al. Plasma pharmacokinetics of alfaxalone in dogs after an intravenous bolus of
alfaxan-CD RTU. Vet Anaesth Analg 2006;33:229–236.
Muir W, Lerche P, Wiese A, et al. Cardiorespiratory and anesthetic effects of supraclinical doses of alfaxalone in dogs. Vet
Anaesth Analg 2008;35:451–462.
Huynh M, Poumeyrol S, Pignon C, et al. Intramuscular administration of alfaxalone for sedation in rabbits. Vet Rec
2015;176:255–259.
Marsh MK, McLeod SR, Hansen A, et al. Induction of anesthesia in wild rabbits using a new alfaxalone formulation. Vet
Rec 2009;164:122–123.
Giral M, García-Olmo DC, Gómez-Juárez M, et al. Anaesthetic
effects in the ferret of alfaxalone alone and in combination
with medetomidine or tramadol: a pilot study. Lab Anim
2014;48:313–320.
Higuchi S, Yamada R, Hashimoto A, et al. Evaluation of a combination of alfaxalone with medetomidine and butorphanol
for inducing surgical anesthesia in laboratory mice. Jpn J Vet
Res 2016;64:131–139.
Lau C, Ranasinghe MG, Shiels I, et al. Plasma pharmacokinetics of alfaxalone after a single intraperitoneal or intravenous injection of alfaxan in rats. J Vet Pharmacol Ther
2013;36:516–520.
Bouts T, Karunaratna D, Berry K, et al. Evaluation of medetomidine-alfaxalone and medetomidine-ketamine in semi-free
ranging Bennett’s wallabies (Macropus rufogriseus). J Zoo
Wildl Med 2011;42:617–622.
Villaverde-Morcillo S, Benito J, García-Sánchez R, et al. Comparison of isoflurane and alfaxalone (Alfaxan) for the induction of anesthesia in flamingos (Phoenicopterus roseus)
undergoing orthopedic surgery. J Zoo Wildl Med
2014;45:361–366.
Perrin KL, Nielsen JB, Thomsen AF, et al. Alfaxalone anesthesia in the Bengalese finch (Lonchura domestica). J Zoo
Wildl Med 2017;48:1146–1153.
Adami C, d’Ovidio D, Casoni D. Alfaxalone versus alfaxalone-dexmedetomidine anesthesia by immersion in oriental
fire-bellied toads (Bombina orientalis). Vet Anaesth Analg
2016;43:326–332.
Adami C, Spadavecchia C, Angeli G, et al. Alfaxalone anesthesia by immersion in oriental fire-bellied toads (Bombina
orientalis). Vet Anaesth Analg 2015;42:547–551.
McMillan MW, Leece EA. Immersion and branchial/transcutaneous anaesthesia with alfaxalone in a Mexican axolotl. Vet
Anaesth Analg 2011;38:619–623.
Posner LP, Bailey KM, Richardson EY, et al. Alfaxalone anesthesia in bullfrogs (Lithobates catesbeiana) by injection or
immersion. J Zoo Wildl Med 2013;44:965–971.
Bertelsen MF, Sauer CD. Alfaxalone anaesthesia in the green
iguana (Iguana iguana). Vet Anaesth Analg 2011;38:461–466.
Kischinovsky M, Duse A, Wang T. Intramuscular administration of alfaxalone in red-eared sliders (Trachemys scripta elegans)—effects of dose and body temperature. Vet Anaesth
Analg 2013;40:13–20.
Knotek Z. Alfaxalone as an induction agent for anesthesia in
terrapins and tortoises. Vet Rec 2014;175:327–330.
Knotek Z, Hrda A, Knotkova Z, et al. Alfaxalone anesthe-

AJVR • Vol 79 • No. 7 • July 2018

709

23.

24.

25.
26.
27.

28.

29.

710

sia in the green iguana (Iguana iguana). Acta Vet Brno
2013;82:109–114.
Olsson A, Phalen D, Dart C. Preliminary studies of alfaxalone
for intravenous immobilization of juvenile captive estuarine
crocodiles (Crocodylus porosus) and Australian freshwater
crocodiles (Crocodylus johnstoni) at optimal and selected
sub-optimal thermal zones. Vet Anaesth Analg 2013;40:494–
502.
Shepard MK, Divers S, Braun C, et al. Pharmacodynamics of
alfaxalone after single-dose intramuscular administration in
red-eared sliders (Trachemys scripta elegans): a comparison
of two different doses at two different ambient temperatures. Vet Anaesth Analg 2013;40:590–598.
Bailey KM, Minter LJ, Lewbart GA, et al. Alfaxalone as an
intramuscular injectable anesthetic in koi carp (Cyprinus
carpio). J Zoo Wildl Med 2014;45:852–858.
Bugman AM, Langer PT, Hadzima E, et al. Evaluation of the
anesthetic efficacy of alfaxalone in oscar fish (Astronotus
ocellatus). Am J Vet Res 2016;77:239–244.
Jurox Pty Ltd. Alfaxan anaesthetic injection technical notes
(Jurox). Australia’s Animal Health Company. November 21,
2011. Available at: www.alfaxan.com/documents/resources/
downloads/US/Jurox_Technical_Notes_-_US_-_Alfaxan.pdf.
Accessed May 18, 2018.
Jurox Pty Ltd. Alfaxan USA [leaflet]. October 20, 2014.
Available
at:
www.alfaxan.com/documents/resources/
downloads/US/insert_409745_18Jun14.pdf. Accessed May
18, 2018.
USP. Chapter 797. Pharmaceutical compounding—sterile

30.
31.

32.
33.
34.
35.
36.
37.

preparation. In: United States pharmacopeia. 34th revision.
Rockville, Md: US Pharmacopeial Convention, 2011;336–373.
Strachan FA, Mansel JC, Clutton RE. A comparison of microbial growth in alfaxalone, propofol and thiopental. J Small
Anim Pract 2008;49:186–190.
Thermo Fisher Scientific. BD Bacto tryptic soy broth (soybean-casein digest medium). Available at: www.fishersci.
com/shop/products/bd-difco-dehydrated-culture-mediatryptic-soy-broth-soybean-casein-digest-medi-tryptic-soybroth-soybean-casein-digest-medium-500g/df0370173. Accessed Sep 5, 2017.
Thermo Fisher Scientific. Columbia blood agar with sheep
blood medium. Available at: www.thermofisher.com/order/
catalog/product/R01215. Accessed Sep 5, 2017.
Johnson AD. Determination of extended sterility for singleuse vials using the PhaSeal closed-system transfer device. J
Hematol Oncol Pharm 2016;6:46–50.
Sabino CV, Weese JS. Contamination of multiple-dose vials in
a veterinary hospital. Can Vet J 2006;47:779–782.
Thompson GD, Thompson DF. The effect of the number of
withdrawals on the sterility of multidose medication vials. J
Clin Pharm Ther 1992;17:61–64.
Sheth NK, Post GT, Wisniewski TR, et al. Multidose vials versus single-dose vials: a study in sterility and cost-effectiveness. J Clin Microbiol 1983;17:377–379.
Franci P, Dotto G, Cattai A, et al. Lethal septic shock after
dental scaling in a healthy dog due to Ochrobactrum anthropi-contaminated propofol. J Small Anim Pract 2015;56:345–
347.

AJVR • Vol 79 • No. 7 • July 2018

