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I11. PREFACE

Animal issues are no longer socially invisible. Dur
ing the past half-century, efforts to ensure the respect-
ful and humane treatment of animals have garnered
global attention? Concern for the welfare of animals
is re ected in the growth of animal welfare science
and ethics. The former is evident in the emergence of
academic programs, scienti ¢ journals, and funding
streams committed either partially or exclusively to the
study of how animals are impacted by various environ-
ments and human interventions. The latter has seen
the application of numerous ethical approaches (eg,
rights-based theories, utilitarianism, virtue ethics, con-
tractarianism, pragmatic ethics) to assessing the moral
value of animals and the nature of the human-animal
relationship13-° The proliferation of interest in animal
use and care, at the national and international levels, is
also apparent in recent protections accorded to animals
in new and amended laws and regulations, institutional
and corporate policies, and purchasing and trade agree-
ments. Changing societal attitudes toward animal care
and use have inspired scrutiny of some traditional and
contemporary practices applied in the management of
animals used for agriculture, research and teaching,
companionship, and recreation or entertainment and
of animals encountered in the wild. Attention has also
been focused on conservation and the impact of human
interventions on terrestrial and aquatic wildlife and the
environment. Within these contexts, stakeholders look
to veterinarians to provide leadership on how to care
well for animals, including how to relieve unnecessary
pain and suffering.

In creating the 2013 edition of the AVMA Guide-
lines for the Euthanasia of Animals (Guidelines), the
Panel on Euthanasia (POE) made every effort to iden-
tify and apply the best research and empirical informa-
tion available. As new research is conducted and more
practical experience gained, recommended methods
of euthanasia may change. As such, the AYMA and its
POE have made a commitment to ensure the Guide-
lines re ect an expectation and paradigm of continuous
improvement that is consistent with the obligations of
the Veterinarian’s Oath® As for other editions of the
document, modi cations of previous recommendations
are also informed by continued professional and public
sensitivity to the ethical care of animals.

While some euthanasia methods may be utilized in
slaughter and depopulation, recommendations related
to humane slaughter and depopulation fall outside the
purview of the Guidelines and will be addressed by sep-
arate documents that are under development.

The Guidelines set criteria for euthanasia, specify
appropriate euthanasia methods and agents, and are
intended to assist veterinarians in their exercise of pro-
fessional judgment. The Guidelines acknowledge that
euthanasia is a process involving more than just what
happens to an animal at the time of its death. Apart
from delineating appropriate methods and agents, these
Guidelines also recognize the importance of consider
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der free-ranging conditions, where the needs of animals sight that may be species speci c, available equipment
and the challenges faced by veterinarians and otherand facilities, options for disposal, potential secondary
personnel may be quite different from those in domes- toxicity, and other factors must be considered. Human
tic environments. And, where possible, appropriate safety is of utmost importance, and appropriate safety
owcharts, illustrations, tables, and appendices have equipment, protocols, and knowledge must be available
been used to clarify recommendations. Appendices 1 before animals are handled. Advance preparation in-
through 3 also may be useful as a quick reference guide,cludes protocols and supplies for addressing personnel
but those performing euthanasia are strongly advised to injury due to animal handling or exposure to drugs and
refer to the full text of the document for important ad- equipment used during the process. Once euthanasia
ditional information. Section labels have been included has been carried out, death must be carefully veri ed.
in Appendix 1 to assist readers in locating related text All laws and regulations pertaining to the species being
for particular species. euthanized, the methods employed, and disposal of the
Collection of animals for scienti ¢ investigations, animal’s remains and/or water containing any pharma-
euthanasia of injured or diseased wildlife, and removal ceuticals used for euthanasia must be followed.
of animals causing damage to property or threatening The POE’s objective in creating the Guidelines is
human safety are addressed. Recognizing that veteri-to provide guidance for veterinarians about how to pre-
nary responsibilities associated with euthanasia are notvent and/or relieve the pain and suffering of animals
restricted to the process itself, additional information that are to be euthanized. While every effort has been
about con rmation of death and disposal of animal re- made to identify and recommend appropriate approach-
mains has been included. es for common species encountered under common
One area identi ed as needing additional guidance conditions, the POE recognized there will be less than
in the last iteration of the Guidelines was depopulation perfect situations in which a recommended method of
(ie, the rapid destruction of large numbers of animals euthanasia may not be possible and a method or agent
in response to emergencies, such as the control of catathat is best under the circumstances will need to be ap-
strophic infectious diseases or exigent situations causedplied. For this reason, although the Guidelines may be
by natural disasters). Depopulation may employ eutha- interpreted and understood by a broad segment of the
nasia techniques, but not all depopulation methods general population, a veterinarian should be consulted
meet the criteria for euthanasia. Because they do not al-in their application.
ways meet the criteria for euthanasia, these techniques
will be addressed in a separate document, the AVMA 13. WHAT IS EUTHANASIA?

Guidelines for the Depopulation of Animals. Slmllarly, Euthanasia is derived from the Greek terms eu
because methods used for slaughter or harvest may alsGneaning good and thanatos meaning death. The term is
not meet all the conditions necessary to be deemedysually used to describe ending the life of an individual

euthanasia, these techniques will be addressed by aanimal in a way that minimizes or eliminates pain and
third document, the AVMA Guidelines for the Humane distress. A good death is tantamount to the humane-ter

Slaughter of Animals. mination of an animal’s life.
In the context of these Guidelines, the veterinar
12.3 STATEMENT OF USE ian’s prima facie duty in carrying out euthanasia in-

The Guidelines are designed for use by memberscludes, but is not limited to, (1) his or her humane dis-
of the veterinary profession who carry out or oversee position to induce death in a manner that is in accord
the euthanasia of animals. As such, they are intended towith an animal’s interest and/or because it is a matter
apply only to nonhuman species. of welfare, and (2) the use of humane techniques to

The species addressed by the practice of veterinaryinduce the most rapid and painless and distress-free
medicine are diverse. A veterinarian experienced with the death possible. These conditions, while separate, are
species of interest should be consulted when choosing anot mutually exclusive and are codependent.
method of euthanasia, particularly when little species-spe- Debate exists about whether euthanasia appropri-
ci c research on euthanasia has been conducted. Methodsately describes the killing of some animals at the end
and agents selected will often be situation specic, as aof biological experimentd and of unwanted shelter
means of minimizing potential risks to the animal’s wel- animals. The Panel believes that evaluating the social
fare and personnel safety. Given the complexity of issuesacceptability of various uses of animals and/or the ra-
that euthanasia presents, references on anatomy, physioltionale for inducing death in these cases is beyond its
ogy, natural history, husbandry, and other disciplines may purview; however, current AVMA policy supports the
assist in understanding how various methods may impact use of animals for various human purposé&sand also
an animal during the euthanasia process. recognizes the need to euthanize animals that are un-

Veterinarians performing or overseeing euthana- wanted or unt for adoption.** Whenever animals are
sia must assess the potential for animal distress due toused by humans, good animal care practices should be
physical discomfort, abnormal social settings, novel implemented and adherence to those good practices
physical surroundings, pheromones or odors from should be enforced. When evaluating our responsibili-
nearby or previously euthanized animals, the pres- ties toward animals, it is important to be sensitive to the
ence of humans, or other factors. In addition, human context and the practical realities of the various types of
safety and perceptions, availability of trained person- human-animal relationships. Impacts on animals may
nel, potential infectious disease concerns, conservation not always be the center of the valuation process, and
or other animal population objectives, regulatory over there is disagreement on how to account for con icting
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interspeci ¢ interests. The Panel recognizes these are
complex issues raising concerns across a large number
of domains, including scienti c, ethical, economic, en-
vironmental, political, and social.

13.1 A GOOD DEATH AS A MATTER
OF HUMANE DISPOSITION

Humane disposition re ects the veterinarian’s de-
sire to do what is best for the animal and serves to bring
about the best possible outcome for the animal. Thus,
euthanasia as a matter of humane disposition can be
either intent or outcome based.

Euthanasia as a matter of humane disposition oc-
curs when death is a welcome event and continued
existence is not an attractive option for the animal as
perceived by the owner and veterinarian. When ani-
mals are plagued by disease that produces insurmount-
able suffering, it can be argued that continuing to live
is worse for the animal than death or that the animal no
longer has an interest in living. The humane disposi-
tion is to act for the sake of the animal or its interests,
because the animal will not be harmed by the loss of
life. Instead, there is consensus that the animal will be
relieved of an unbearable burden. As an example, when
treating a companion animal that is suffering severely
at the end of life due to a debilitating terminal illness,
a veterinarian may recommend euthanasia, because the
loss of life (and attendant natural decline in physical
and psychological faculties) to the animal is not rela-
tively worse compared with a continued existence that
is lled with prolonged illiness, suffering, and duress.
In this case, euthanasia does not deprive the animal of
the opportunity to enjoy more goods of life (ie, to have
more satisfactions ful lled or enjoy more pleasurable
experiences). And, these opportunities or experiences
are much fewer or lesser in intensity than the presence
or intensity of negative states or affect. Death, in this
case, may be a welcome event and euthanasia helps to
bring this about, because the animal’s life is not worth
living but, rather, is worth avoiding.

Veterinarians may also be motivated to bring about
the best outcome for the animal. Often, veterinarians
face the dif cult question of trying to decide (or helping
the animal’s owner to decide) when euthanasia would
be a good outcome. In making this decision many vet-
erinarians appeal to indices of welfare or quality of life.
Scientists have described welfare as having three com-
ponents: that the animal functions well, feels well, and
has the capacity to perform behaviors that are innate or
species-speci ¢ adaptatioA$?® (an alternative view is
also availabl€). Anhaviors (-)Tj -0.003 Tw e. hav9life.tfect. Death, in this
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credible arguments on how to approach the ethically
important issue of the death of an animal. In so doing,
it hopes to promote greater understanding regarding
the contexts or settings involving euthanasia and the
complexity of end-of-life issues involving animals.

While not a regulatory body, the AVMA also hopes
to offer guidance to those who may apply these Guide-
lines as part of regulatory structures designed to pro-
tect the welfare of animals used for human purposes. By
creating and maintaining these Guidelines, the AVMA
hopes to ensure that when a veterinarian or other pro-
fessional intentionally kills an animal under his or her
charge, it is done with respect for the interests of the
animal and that the process is as humane as possible
(ie, that it minimizes pain and distress to the animal
and that death occurs as rapidly as possible).

The AVMA does not take the death of nonhuman
animals lightly and attempts to provide guidance for its
members on both the morality and practical necessity
of the intentional killing of animals. Veterinarians, in
carrying out the tenets of their Oath, may be compelled
to bring about the intentional death of animals for a
variety of reasons. The nality of death is, in part, what
makes it an ethically important issue; death forever cuts
off future positive states, bene ts, or opportunitie¥.In
cases where an animal no longer has a good life, how-
ever, its death also extinguishes permanently any and
all future harms associated with poor welfare or quality
of life.’®
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reduction of stage Il or postmortem activity that could
be distressing to personnel is strongly encouraged to re-
duce animal distress and improve personnel safety. This
is particularly important for prey species, nondomesti-
cated species, and animals enduring painful conditions.

Personnel who perform euthanasia must dem-
onstrate pro ciency in the use of the technique in a
closely supervised environment. Each facility or insti-
tution where euthanasia is performed (whether a clinic,
laboratory, or other setting) is responsible for training
its personnel adequately to ensure the facility or insti-
tution operates in compliance with federal, state, and
local laws. Furthermore, experience in the humane
restraint of the species of animal to be euthanized is
important and should be expected, to ensure that ani-
mal pain and distress are minimized. Training and ex-
perience should include familiarity with the normal
behavior of the species being euthanized, an apprecia-
tion of how handling and restraint affect that behavior,
and an understanding of the mechanism by which the
selected technique induces loss of consciousness and
death. Euthanasia should only be attempted when the
necessary drugs and supplies are available to ensure a
smooth procedure.

Selection of the most appropriate method of eutha-
nasia in any given situation depends on the species and
number of animals involved, available means of animal
restraint, skill of personnel, and other considerations.
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ward rotation of the eyeballs, and tonic spasm changing
to clonic spasm, with eventual muscle accidit§:*
Decapitation and cervical dislocation as physical
methods of euthanasia require separate comment. The
interpretation of brain electrical activity, which can per
sist for up to 30 seconds following these methods*
has been controversiaP. As indicated previously, EEG
methods cannot provide de nitive answers as to onset
of unconsciousness. Other studigs*indicate such ac-
tivity does not imply the ability to perceive pain and
conclude that loss of consciousness develops rapidly.
Once loss of consciousness occurs, subsequently

12
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techniques that result in “rapid loss of consciousness”
and “minimize pain and distress” should be strived for,
even where it is dif cult to determine that these criteria

have been met.

Compelling recent evidence indicates n sh possess
the components of nociceptive processing systems simi-
lar to those found in terrestrial vertebraté;”° though
debate continues based on questions of the impact of
guantitative differences in numbers of speci ¢ compo-
nents such as unmyelinated C bers in major nerve bun-
dles. Suggestions that n sh responses to pain merely
represent simple re exed have been refuted by stud-
ies?7® demonstrating forebrain and midbrain electrical
activity in response to stimulation and differing with
type of nociceptor stimulation. Learning and memory
consolidation in trials where n sh are taught to avoid
noxious stimuli have moved the issue of n sh cogni-
tion and sentience forwartt to the point where the pre-
ponderance of accumulated evidence supports the posi-
tion that n sh should be accorded the same consider
ations as terrestrial vertebrates in regard to relief from
pain. The POE was not able to identify similar studies of
Chondrichthyes (cartilaginous n sh), amphibians, rep-
tiles, and invertebrates, but believes that available infor
mation suggests that efforts to relieve pain and distress
for these taxa are warranted, unless further investigation
disproves a capacity to feel pain or distress.

While there is ongoing debate about n shes’, am-
phibians’, reptiles’, and invertebrate animals’ ability to
feel pain or otherwise experience compromised wel-
fare, they do respond to noxious stimuli. Consequently,
the Guidelines assume that a conservative and humane
approach to the care of any creature is warranted, jus-
ti able, and expected by society. Euthanasia methods
should be employed that minimize the potential for
distress or pain in all animal taxa, and these methods
should be modi ed as new taxa-speci ¢ knowledge of
their physiology and anatomy is acquired.

15.3 STRESS AND DISTRESS

An understanding of the continuum that represents
stress and distress is essential for evaluating techniques
that minimize any distress experienced by an animal be-
ing euthanized. Stress has been de ned as the effect of
physical, physiologic, or emotional factors (stressors)
that induce an alteration in an animal's homeostasis
or adaptive state.

AVMA Guidelines for the Euthanasia of Animals: 2013 Edition
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struggling, attempts to escape, and defensive or redi-
rected aggression. In cattle and pigs, vocalization dur

ing handling or painful procedures is associated with

physiologic indicators of stres¥:%

14
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or argon (Ar), or by exposure to carbon monoxide
(CO) to block uptake of Q by red blood cells. Exsan-
guination, an adjunctive method, is another method of
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euthanized using barbiturates. This places renderers pharmaceutical residues in animal remains other than
and those wishing to employ rendering as a means of barbiturates (eg, xylazine) may affect scavengers and can
disposal for animals euthanized using pentobarbital in reduce the acceptability of the animal remains for ren-
a dif cult position, and may result in renderers being derers. Unfortunately, speci ¢ guidance from regulators
reluctant to accept more animal remains than they can regarding the use of such alternatives is limited.
reasonably manage without creating residue concerns. The persistence of antimicrobials in animal remains
Alternatives for disposal of animal remains must be presents parallel concerns, particularly for animal re-
considered in advance, in case the renderer cannot ormains that will be rendered. While many antimicrobials
will not accept animal remains containing barbiturate may be inactivated or destroyed through the rendering
residues. process, public health concerns associated with antimi-
Composting is another means of disposing of ani- crobial resistance, coupled with the enhanced sensitiv-
mal remains that is becoming increasingly common. ity of chemical assays and limited regulatory guidance
Studies examining the persistence of barbiturate resi- for renderers, further complicate veterinarians’ respon-
dues in composted animal remains are few, but those sibilities for safe remediation.
that do exist suggest the persistence of the drugs in Safe handling and disposal of the resulting animal
composted material. While the implications of this are remains are also critically important when zoonotic dis-
still unclear, it does raise questions about potential en- eases, foreign animal diseases, or diseases of concern to
vironmental impacts in the case of animal health emer population health are suspected. Appropriate diagnos-
gencies or mass mortality events. tic samples should be collected for testing, regulatory
Alternatives to the use of pentobarbital that may re- authorities must be contacted, and the animal remains
duce the risk of secondary toxicity include general an- must be incinerated (if possible). Personal protective
esthesia followed by nontoxic injectable agents such asequipment and precautions for handling biohazardous
potassium chloride, or the application of physical meth- materials are recommended. Animals that have injured
ods such as penetrating captive bolt or gunshot. Thesehumans may require specic actions to be taken de-
alternatives, however, are not risk free. For example, pending on local and state laws.
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Part Il—Methods of Euthanasia

M1 INHALED AGENTS ning box in groups, rather than lining them up single
le as needed for electric stunning, improves voluntary
M1.1 COMMON CONSIDERATIONS forward movement, reduces handling stress and elec-
Inhaled vapors and gases require a critical concen- fic prod use, and improves meat quality?
tration within the alveoli and blood for effect; thus, all That inhaled agents can produce distress and aver

inhaled methods have the potential to adversely affect S10N IN people raises concerns for their use in animals,
animal welfare because onset of unconsciousness is not" that the US Government Principles for the Utiliza-
immediate. Distress may be created by properties of thetion and Care of Vertebrate Animals Used in Testing,
agent (eg, pungency, hypoxia, hypercarbia) or by the Resea_rch, an_d Trau_nm‘g3 state “Unless the contrary is
conditions under which the agent is administered (eg, established, investigators _should _conS|der tha_lt proce-
home cage or dedicated chamber, gradual displacementgures that cause pain or distress in human beings may
or pre lling of the container), and may manifest itself Cause pain or distress in other animals.” Interestingly,
behaviorally (eg, overt escape behaviors, approach-more than 40% of human children 2 to 10 years old
avoidance preferences [aversion]) or physiologically display distress behaviors during sevo urane induc-
(eg, changes in heart rate, sympathetic nervous systemtion, with 17% displaying signi cant distress and more
[SNS] activity, hypothalamic-pituitary axis [HPA] activ-  than 30% physically resisting during inductioff:* Fear
ity). Although SN'S and HPA activation are well accept- in children undergoing anesthesia may be due to odor,
ed as markers of a stress response, these systems are €€l of the mask, or a true phobia of the masR Despite
tivated in response to both physical and psychological evidence of distress and aversion, inhaled anesthetics
stressors and are not necessarily associated with highercontinue to be administered because the bene ts asso-
order CNS processing and conscious experience by theciated with their use greatly outweigh any distress and/
animal. Furthermore, use of SNS and HPA activation to OF aversion they may cause. i
assess distress during inhalation of euthanasia agents is ~ The suitability of any particular inhaled agent for
complicated by continued exposure to the agents dur euthanasia therefore depends largely on distress and/
ing the period between loss of consciousness and death Or pain experienced prior to loss of consciousness. Dis-
Distress during administration of inhaled agents tress can be caused by handling, specic agent prop-
has been evaluated by means of both behavioral assesgties, or method of administration, such that a one-
ment and aversion testing. While overt behavioral signs size- ts-all approach cannot be easily applied. Suffering
of distress have been reported in some studies, oth-can be conceptualized as the product of severity, inci-
ers have not consistently found these effects. Through dence, and duration. As a general rule, a gentle death
preference and approach-avoidance testing, all inhaledthat takes longer is preferable to a rapid, but more dis-
agents currently used for euthanasia have been identi-tressing deatff; however, in some species and under
ed as being aversive to varying degrees. Aversion isSOme circumstances, the most humane and pragmatic
a measure of preference, and while aversion does notoption may be exposure to an aversive agent or condi-
necessarily imply that the experience is painful, forcing tion that results in rapid unconsciousness with few or
animals into aversive situations creates stress. The con-10 outward signs of distress. Our goal is to identify best
ditions of exposure used for aversion studies, however, practices for administering inhaled agents, de ning the
may differ from those used for stunning or killing. In optimal conditions for transport, handling, and agent
addition, agents identi ed as being less aversive (eg, Ar selection and delivery to produce the least aversive and
or N, gas mixtures, inhaled anesthetics) can still pro- distressing experience for each species.
duce overt signs of behavioral distress (eg, open-mouth ~ The following contingencies are common to all in-
breathing) in some species under certain conditions haled euthanasia agents:
of administration (eg, gradual displacement). As pre- (1) Time to unconsciousness with inhaled agents is
viously noted in the section on consciousness, one of dependent on the displacement rate, container volume,
the characteristics of anesthesia in people is feeling asand concentration. An understanding of the principles
if one is having an out-of-body experience, suggesting governing delivery of gases or vapors into enclosed
a disconnection between one’s sense of self and one'spaces is necessary for appropriate application of both
awareness of time and spat®.Although we cannot pre Il and gradual displacement methods.
know for certain the subjective experiences of animals, (2) Loss of consciousness will be more rapid if ani-
one can speculate similar feelings of disorientation may mals are initially exposed to a high concentration of the
contribute to the observed signs of distress. agent. However, for many agents and species, forced ex-
As for physical methods, the conditions under posure to high concentrations can be aversive and dis-
which inhaled agents are administered for euthanasia tressing, such that gradual exposure may be the most
can have profound effects on an animal’s response andpragmatic and humane option.
thus, agent suitability. Simply placing Sprague-Dawley (3) Inhaled agents must be supplied in puri ed
rats into an unfamiliar exposure chamber containing form without contaminants or adulterants, typically
room air produces arousal, if not distres§. Pigs are from a commercially supplied source, cylinder, or tank,
social animals and prefer not to be isolated from one such that an effective displacement rate and/or concen-
another; consequently, moving them to the CGtun-  tration can be readily quanti ed. The direct application
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of products of combustion or sublimation is not accept- If an animal is not dead, exposure must be repeated or
able due to unreliable or undesirable composition and/ followed with another method of euthanasia.
or displacement rate.

(4) The equipment used to deliver and maintain M1.2 PRINCIPLES GOVER
inhaled agents must be in good working order and in
compliance with state and federal regulations. Leaky or
faulty equipment may lead to slow, distressful death and
may be hazardous to other animals and to personnel.

(5) Most inhaled agents are hazardous to animal
workers because of the risk of explosions (eg, ether,
CO), narcosis (eg, halocarbon anesthetics, CGs-
phyxiating gases), hypoxia (eg, asphyxiating gases,
CO), addiction or physical abuse (eg, nitrous oxide
[N O], halocarbon anesthetics), or health effects result-
ing from chronic exposure (eg, ND, CO, possibly halo-
carbon anesthetics).

(6) In sick or depressed animals where ventilation
is decreased, agitation during induction is more likely
because the rise in alveolar gas concentration is delayed.
A similar delayed rise in alveolar gas concentration can
be observed in excited animals having increased cardiac
output. Suitable premedication or noninhaled methods
of euthanasia should be considered for such animals.

(7) Neonatal animals appear to be resistant to hy-
poxia, and because all inhaled agents ultimately cause
hypoxia, neonatal animals take longer to die than
adults*¢ Inhaled agents can be used alone in unweaned
animals to induce loss of consciousness, but prolonged
exposure time or a secondary method may be required
to kill the unconscious animal.

(8) Reptiles, amphibians, and diving birds and
mammals have a great capacity for holding their breath
and for anaerobic metabolism. Therefore, induction of
anesthesia and time to loss of consciousness when in-
haled agents are used may be greatly prolonged. Nonin-
haled methods of euthanasia should be considered for
these species and a secondary method is required to kill
the unconscious animal.

(9) Rapid gas ows can produce noise or cold
drafts leading to animal fright and escape behaviors. If
high ows are required, equipment should be designed
to minimize noise and gas streams blowing directly on
the animals.

(10) When possible, inhaled agents should be ad-
ministered under conditions where animals are most
comfortable (eg, for rodents, in the home cage; for pigs,
in small groups). If animals need to be combined, they
should be of the same species and compatible cohorts,
and, if needed, restrained or separated so that they will
not hurt themselves or others. Chambers should not
be overloaded and need to be kept clean to minimize
odors that might cause distress in animals subsequently
euthanized.

(11) Because some inhaled agents may be lighter
or heavier than air, layering or loss of agent may permit
animals to avoid exposure. Mixing can be maximized
by ensuring incoming gas or vapor ow rates are suf-
cient. Chambers and containers should be as leak free
as possible.

(12) Death must be veri ed following administra-
tion of inhaled agents. This can be done either by ex-
amination of individual animals or by adherence to val-
idated exposure processes proven to result in deéth.
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administered iso urane, halothane, and sevo urane
by mask or induction chamber, and concluded these

and there are no controlled studies proving exposure at
these concentrations are safe. No NIOSH recommended

agents were aversive and should be avoided wheneveexposure limits exist for the three most currently used

possible. Leach et &% found inhaled anesthetic va-

anesthetics (iso urane, des urane, and sevo urane),

pors to be associated with some degree of aversion inand, at present, the Occupational Safety and Health Ad-

laboratory rodents, with increasing aversion noted as

ministration has no permissible exposure limits regu-

concentration increased; halothane was least aversivelating these speci c agents.

for rats, while halothane and en urane were least aver
sive for mice. Makowska and Wedfy also reported
halothane and iso urane to be aversive to male Wistar
rats, but less so than C

Anesthetic vapor is inhaled until respiration ceas-

Advantages—(1) Inhaled anesthetics are particu-
larly useful for euthanasia of smaller animals (< 7 kg
[15.4 Ib]) or for animals in which venipuncture may
be dif cult. (2) Inhaled anesthetics can be adminis-

es and death ensues. Because the liquid state of mostered by several different methods depending on the

inhaled anesthetics is irritating, animals should be ex-

circumstances and equipment available (eg, face mask,

posed only to vapors. With inhaled anesthetics, animals open drop where the animal is not permitted to directly
can be placed in a closed receptacle containing cottoncontact the anesthetic liquid, precision vaporizer, rigid

or gauze soaked with an appropriate amount of liquid
anesthetié® or anesthetic vapor can be introduced from
a precision vaporizet®” Precision anesthetic vaporizers
typically are limited to 5% to 7% maximum output be-
tween 0.5 and 10 L/min Q ow rate. Induction time
will be inuenced by dial setting, ow rate, and size
of the container; time to death may be prolonged be-
cause Qis commonly used as the vapor carrier gas.
The amount of liquid anesthetic required to produce
a given concentration of anesthetic vapor within any
closed container can be readily calculatétlin the case
of iso urane, a maximum of 33% vapor can be pro-
duced at 20°C. Suf cient air or Q must be provided
during the induction period to prevent hypoxia In

or nonrigid containers). (3) Halothane, en urane, iso-
urane, sevo urane, des urane, methoxy urane, and
N.O are non ammable and nonexplosive under usual
clinical conditions. (4) Inhaled anesthetics can be use-
ful as the sole euthanasia agent or as part of a 2-step
process, where animals are rst rendered unconscious
through exposure to inhaled anesthetic agents and sub-
sequently killed via a secondary method.

Disadvantages—(1) Inhaled anesthetics are aver
sive to rabbits and laboratory rodents and the same
may be true for other species. Animals may struggle
and become anxious during induction of anesthe-
sia, with some animals exhibiting escape behaviors

the case of small rodents placed in a large container,prior to onset of unconsciousness. Should apnea or

there will be suf cient O, in the chamber to prevent

excitement occur, time to loss of consciousness may

hypoxia. Larger species placed in small containers maybe prolonged. (2) Ether is irritating, ammable, and

initially need supplemental air or Q%

explosive. Explosions have occurred when animals,

Nitrous oxide is the least potent of the inhalation euthanized with ether, were placed in an ordinary
anesthestics. In humans, the minimum alveolar concen- (not explosion-proof) refrigerator or freezer and when
tration (de ned as the median effective dose) for ®  bagged animals were placed in an incinerator. (3) In-
is 104%; its potency in other species is less than half duction with methoxy urane is unacceptably slow in
that in humans (ie, approx 200%). Because the effectivesome species. (4) Because of design limits on vapor
dose for NO is above 100% it cannot be used alone at 1 output, precision anesthetic vaporizers may be associ-
atmosphere of pressure in any species without produc- ated with a longer wash-in time constant and, thus,
ing hypoxia prior to respiratory or cardiac arrest. As a longer induction time; time to death may be pro-
result, animals may become distressed prior to loss oflonged as Qis commonly used as the vapor carrier
consciousness. Up to 70%,8 may be combined with  gas. (5) Nitrous oxide used alone will create a hypoxic
other inhaled gases to speed the onset of anesthesiaatmosphere prior to loss of consciousness and will
however, the anesthetic contribution of will be  support combustion. (6) Personnel and animals may
only half (20% to 30%) of that expected in humans due be injured by exposure to these agents. There is recog-
to its reduced potency in animal¥® nized potential for human abuse of inhaled anesthet-

Effective procedures should be in place to reduce ics. (7) Because large amounts of inhaled anesthetics
animal worker exposure to anesthetic vapofSHuman  are absorbed and substantial amounts remain in the
workplace recommended exposure limits were issued body for dayst’*use of inhaled anesthetics for eutha-
in 1977 by the National Institute of Occupational Safety nasia is challenging for food-producing animals due to
and Health (NIOSH); concentrations for halogenated potential for tissue residues.
inhaled anesthetics are not to exceed 2 ppm (1-hour
ceiling) when used alone, or 0.5 ppm for halogenated General recommendations—Inhaled anesthetics are
anesthetics combined with 25-ppm JO (time-weight-  acceptable with conditions for euthanasia of small ani-
ed average during use). The American Conferencemals (< 7 kg) where the following contingencies can be
of Government Industrial Hygienists has assigned a met: (1) In those species where aversion or overt escape
threshold limit value time-weighted average of 50 ppm behaviors have not been noted, exposure to high con-
for N,O, 50 ppm for halothane, and 75 ppm for en u- centrations resulting in rapid loss of consciousness is
rane for an 8-hour time-weighted exposure. These con- preferred. Otherwise, gradual Il methods can be used,
centrations were established because they were foundkeeping in mind the effect that chamber volume, ow
to be attainable utilizing clinical scavenging techniques rate, and anesthetic concentration will have on the time
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must be well lighted and must allow personnel direct
observation of animals. (5) The CO ow rate should
be adequate to rapidly achieve a uniform CO concen-
tration of at least 6% after animals are placed in the
chamber, except for those species (eg, neonatal pigs)
where it has been shown that less agitation occurs with
a gradual rise in CO concentratiotf’ (6) If the cham-
ber is inside a room, CO monitors must be placed in
the room to warn personnel of hazardous concentra-
tions. (7) It is essential that CO use be in compliance
with state and federal occupational health and safety
regulations. (8) Carbon monoxide must be supplied in
a precisely regulated and puri ed form without con-
taminants or adulterants, typically from a commercially
supplied cylinder or tank. The direct application of
products of combustion or sublimation is not accept-
able due to unreliable or undesirable composition and/
or displacement rate. As gas displacement rate is critical
to the humane application of CO, an appropriate pres-
sure-reducing regulator and ow meter combination or
equivalent equipment with demonstrated capability for
generating the recommended displacement rate for the
size container being utilized is absolutely necessary.

M1.5 NITROGEN, ARGON

Nitrogen and Ar are odorless, colorless and tasteless
gases that are inert, non ammable, and nonexplosive.
Nitrogen normally comprises 78% of atmospheric air,
whereas Ar comprises less than 1%. These gases func-
tion in the current context by displacing air (and the
it contains), causing anoxia. Exposure of Sprague-Daw-
ley rats to severe hypoxic conditions (< 2%, JOusing
either gas leads to unconsciousness around90 seconds
and death after 3 minutes using Ar or 7 minutes us-
ing N,**%; similar ndings have been reported for dogs,
rabblts and mink1eL182189.190\ g e Sprague-Dawley rats
become hyperpneic, but can survive for more than 20
minutes in Ar or N, at an Q concentration of 4.996°*

Rats are sensitive to even small changes in the
concentration of Q, and are able to detect concentra-
tions both lower and higher than the 20.9% normally
found in air!® Rats and mice allowed to travel be-
tween chambers containing different gases spent most
of their time in the control chamber (containing air),
but preferred a hypoxic chamber (containing Ar) to a
chamber containing CQ however, the animals stayed
only a few seconds in either ga%-1% Even when rats
were trained to enter a chamber for a food reward they
typically refused to enter, or left immediately after en-
tering, when the atmosphere was hypoxic (< 2%,0
90% Ar)!* When rats were exposed to gradually de-
creasing concentrations of QOand increasing concen-
trations of Ar, they always left the chamber before los-
ing consciousness (typically when Qleclined to about
7%)1** With N, owing at a rate of 39% of chamber
volume/min ( = 2 2 minutes 34 seconds), rats collapsed
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es time to onset of unconsciousness to 156 seconds at
a CQ, concentration of 2198 For poultry, immersion
into relatively low concentrations or exposure to CO
concentrations producing a gradual induction of un-
consciousness reduces convulsions compared with im-
mersion into N, or Ar.?#?%Carbon dioxide may invoke
involuntary (unconscious) motor activity in birds, such
as apping of the wings or other terminal movements,
which can damage tissues and be disconcerting for ob-
server§*®?’% wing apping is less with CQ than with

N, or Ar2%

Due to respiratory adaptations in immature ani-
mals, reptiles, amphibians, and some burrowing and
diving species (eg, lagomorphs, mustelids, aquatic
birds, nonhatched birds, newly hatched chicks), high
CO, concentrations, combined with extended expo-
sure times, follow-up exposure to hypoxemia, or a sec-
ondary euthanasia method, may be required to ensure
unconsciousness and death. High G@oncentrations
(> 60%) and extended exposure times (> 5 minutes)
are required for effective euthanasia of newly hatched
chickens?12’1 On the day of birth, rats and mice ex-
posed to 100% CQrequired exposure times of 35 and
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tract. The primary routes of their administration are
parenteral injection, topical application, and immer
sion. When it is being determined whether a particular
drug and route of administration are appropriate for eu-
thanasia, consideration needs to be given to the species
involved, the pharmacodynamics of the chemical agent,
degree of physical or chemical restraint required, po-
tential hazards to personnel, consequences of intended
or unintended consumption of the animal’s remains by
humans and other animals, and potential hazards to the
environment from chemical residues. Many noninhaled
euthanasia agents can induce a state of unconscious-
ness during which minimal vital functions are evident
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euthanasia agent, and other strategies that may reduce
discomfort should be used where possible when admin-
istering euthanasia agents through pre-existing intraos-
seous catheter¥’ Placement of intraosseous (greater
trochanter of the femur, greater tubercle of the humerus,
medial aspect of the proximal tibia) catheters for admin-
istration of euthanasia agents and intracardiac, intrahe-
patic, intrasplenic, or intrarenal injections are acceptable
only when performed on anesthetized or unconscious
animals (with the exception of intrahepatic injections in
cats as discussed in the Companion Animals section of
the text). These routes are not acceptable in awake mam-
mals and birds due to the dif culty and unpredictability

of performing the techniques accurately with minimal
discomfort. In some poikilotherms for which intracardi-
ac puncture is the standard means of vascular access (eg,
some snakes and other reptiles), intracardiac administra-
tion of euthanasia solutions in awake animals is accept-
able. With the exceptions of IM delivery of ultrapotent
opioids (ie, etorphine and carfentanil) and IM delivery of
select injectable anesthetics, IM, SC, intrathoracic, intra-
pulmonary, intrathecal, and other nonvascular injections
are not acceptable routes of administration for injectable
euthanasia agents in awake animals.

M2.2.2 Immersion

Euthanasia of n sh and some aquatic amphibians
and invertebrates must take into account the vast dif-
ferences in metabolism, respiration, and tolerance to
cerebral hypoxia among the various aquatic species.
Because aquatic animals have diverse physiologic and
anatomic characteristics, optimal methods for delivery
of euthanasia agents will vary. In many situations, the
immersion of aquatic animals in water containing eu-
thanasia agents is the best way to minimize pain and
distress. The response of aquatic animals to immersion
agents can vary with species, concentration of agent,
and quality of water; consideration of these factors
should be made when selecting an appropriate eutha-
nasia agent. Immersion agents added to water may be
absorbed by multiple routes, including across the gills,
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General recommendations—The advantages of us-
ing barbiturates for euthanasia in dogs and cats far
outweigh the disadvantages. Intravenous injection of
a barbituric acid derivative is the preferred method
for euthanasia of dogs, cats, other small animals, and
horses. Barbiturates are also acceptable for all other
species of animals if circumstances permit their use.
Intraperitoneal or intracoelomic injection may be used
in situations when an IV injection would be distressful,
dangerous, or dif cult due to small patient size. Intra-
cardiac (in mammals and birds), intrasplenic, intrahe-
patic, and intrarenal injections must only be used if the
animal is unconscious or anesthetized (with the excep-
tion of intrahepatic injections in cats as discussed in the
Companion Animals section of the text).

M2.4 PENTOBARBITAL COMBINATIONS

Several euthanasia products combine a barbituric
acid derivative (usually sodium pentobarbital) with local
anesthetic agents, other CNS depressants (eg, phenytoin,
ethanol), or agents that metabolize to pentobarbital. Al-
though some of the additives are slowly cardiotoxic, eu-
thanasia makes this pharmacologic effect inconsequen-
tial. These combination products are listed by the DEA
as schedule Il drugs, making them somewhat simpler to
obtain, store, and administer than schedule 1l drugs such
as sodium pentobarbital. The pharmacologic properties

and recommended use of euthanasia products that com-AL
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been voluntarily withdrawn from the market by the M2.8 DISSOCIATIVE A
manufacturer and is no longer manufactured or com-

mercially available in the United States, although it is

available in Canada and other countries. T-61 should be

administered only IV and at carefully monitored rates

of injection to avoid dysphoria during injection.

Advantages—(1) T-61 has a rapid onset of action
and has been used to euthanize dogs, cats, horses, labo-
ratory animals, birds, and wildlife. (2) Terminal (ago-
nal) gasps that can occur in animals euthanized by IV
barbiturates are not seen with use of T-61.

Disadvantages—(1) T-61 is currently not being man-
ufactured in the United States. (2) Slow IV injection is
necessary to avoid dysphoria prior to unconsciousness.
(3) Each animal must be appropriately restrained and
the agent must be administered by trained personnel. (4)
Secondary toxicosis may occur in animals that consume
remains of animals euthanized with T-61. (5) Because
T-61 contains embutramide, a schedule Il controlled
drug, it is subject to the same restrictions in acquisition,
storage, and use as other schedule Il agents.

General recommendations—T-61 is acceptable as an
agent of euthanasia provided it is administered appro-
priately by trained personnel. Routes of administration
of T-61 other than IV are not acceptable.

M2.7 ULTRAPOTENT OPIOIDS
Etorphine hydrochloride and carfentanil citrate

are ultrapotent opioids (10,000 times as potent as mor
phine sulfate) that are FDA approved for the immobi-
lization of wildlife.?®® These opioids have been used as
immobilization and extralabel euthanasia drugs pri-
marily for large animals, particularly wildlife. Carfen-
tanil has been used transmucosally in a lollipop form
to euthanize captive large apé%.These drugs act on

opioid receptors to cause profound CNS depression,
with death secondary to respiratory arrest.

Advantages—(1) Etorphine and carfentanil can be
delivered IM or transmucosally in situations where 1V
administration is unfeasible or dangerous. (2) These
drugs have a rapid onset of action.

Disadvantages—(1) These drugs are strictly regulat-
ed, require special licensing to obtain and use, and are not
FDA approved for use as agents of euthanasia. (2) There is
substantial risk for humans handling the drugs, which can
be absorbed through broken skin or mucous membranes.
(3) These opioids may pose a risk of secondary toxicosis if
the remains of euthanized animals are ingested; therefore
proper disposal of animal remains is essential.

General recommendations—Etorphine or carfent-
anil is acceptable with conditions for euthanasia only
in situations where use of other euthanasia methods is
impractical or dangerous. Personnel handling the drugs
must be familiar with their hazards, and a second per
son should be standing by and be prepared to summon
medical support and administer rst aid in case of ac-
cidental human exposure.
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cardiac arrest and death. The potassium ion is cardio- sium sulfate and sodium pentobarbital as an economi-
toxic, and rapid IV or intracardiac administration of 1 cal anesthesia and euthanasia agent for large animals,
to 2 mmol/kg (0.5 to 0.9 mmol/lb) of body weight (1 but now is rarely used for this application in veterinary
to 2 mEq K/kg; 75 to 150 mg/kg [34.1 to 68.2 mg/lb] medicine. Chloralose is a longer-acting derivative of
of potassium chloride) will cause cardiac arre¥2.This  chloral hydrate that has been used for anesthesia of
is an injectable technique for euthanasia of livestock or laboratory animals, particularly for study of cerebro-
wildlife species that may reduce the risk of toxicosis for vasculature’®=°* When administered IV, these agents
predators or scavengers in situations where the remainshave almost immediate sedative action, but unless
of euthanized animals may be consumé&d3°! Potassi-
um chloride injected IV at 3 mEg/kg (1.4 mEq/Ib) into
parrots anesthetized with iso urane caused mild vocal-
ization in 1 of 6 birds and resulted in asystole in 68
seconds’® Use of 10 mEqg/kg (4.5 mEqg/Ib) IV in anes-
thetized parrots resulted in involuntary muscle tremors
in 5 of 6 birds and caused asystole in 32.8 seconds. Nei-
ther dosage resulted in histologic artifacts.

Magnesium salts may also be mixed in water for
use as immersion euthanasia agents for some aquatic
invertebrates. In these animals, magnesium salts induce
death through suppression of neural activit§#

Advantages—(1) Potassium chloride and magne-
sium salts are not controlled substances and are easily
acquired, transported, and mixed in the eld. (2) Po-
tassium chloride and magnesium salt solutions, when
administered after rendering an animal unconscious,
result in animal remains that are potentially less toxic
for scavengers and predators and may be a good choice
in cases where proper disposal of animal remains (eg,
rendering, incineration) is impossible or impractical.

Disadvantages—(1) Rippling of muscle tissue and
clonic spasms may occur upon or shortly after injec-
tion. (2) Potassium chloride and magnesium salt solu-
tions are not approved by the FDA for use as euthanasia
agents. (3) Saturated solutions are required to obtain
suitable concentrations for rapid injection into large
animals.

General recommendations—Personnel performing
this technique must be trained and knowledgeable in
anesthetic techniques, and be competent in assessing
the level of unconsciousness that is required for ad-
ministration of potassium chloride and magnesium
salt solutions V. Administration of potassium chloride
or magnesium salt solutions 1V requires animals to be
in a surgical plane of anesthesia characterized by loss
of consciousness, loss of re ex muscle response, and
loss of response to noxious stimuli. Use in unconscious
animals (made recumbent and unresponsive to noxious
stimuli) is acceptable in situations where other eutha-
nasia methods are unavailable or not feasible. Although
no scavenger toxicoses have been reported with potas-
sium chloride or magnesium salts in combination with
a general anesthetic, proper disposal of animal remains
should always be attempted to prevent possible toxi-
cosis by consumption of animal remains contaminated
with general anesthetics.

M2.10 CHLORAL HYDRATE
AND CHLORALOSE

Chloral hydrate (1,1,1-trichloro-2,2,-dihydroxy-
ethane) was once used in combination with magne-
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agents. (4) Alcohols are not FDA approved as eutha-
nasia agents. (5) Tribromoethanol is not commercially
available as a pharmaceutical-grade product and must
be compounded.

General recommendations—Ethanol in low concen-
trations is an acceptable secondary means of euthanasia
in nsh rendered insensible by other means and as a
primary or secondary means of euthanasia of some in-
vertebrates. Immersion in high concentrations (eg, 70%)
of ethanol is not acceptable. Ethanol may be acceptable
with conditions as an agent of euthanasia for mice in
speci ¢ situations, but is unacceptable as an agent of eu-
thanasia for larger species. Tribromoethanol is acceptable
with conditions as a method for euthanasia of laboratory
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The application of benzocaine hydrochloride gel induction, prolonged recovery, and narrow margin of
to the ventral abdomen of amphibians (20% concentra- safety, as it can cause rapid onset of ventilatory failure at
tion; 2.0-cm X 1.0-mm application) is an effective means high concentrations (>400 mg/L)3?
of anesthesia and euthanasia for some spetigd#315 The anesthetic mechanism of clove oil and its de-
Following application of the gel to the ventrum of X rivatives has been poorly studied, but they appear to
laevis and placement in a wet bucket, righting and with- act similarly to other local anesthetics by inhibition of
drawal re exes subsided within 7 minutes, and death voltage-sensitive sodium channels within the nervous
occurred within 5 hours®? No evidence of dermal in- systenr® Studie$??-32* of rodents indicate this class of
jury, loss of dermal hydration, or dif culty breathing agents may cause paralysis in addition to their anes-
was associated with topical application of benzocaine thetic effects.
hydrochloride gel to amphibians. A recent investigation
on euthanasia of adult X laevis describes a dose of 182  Advantages—(1) Clove oil and its derivatives are
mg/kg (82.7 mg/Ib) of benzocaine hydrochloride gel as widely available, are relatively inexpensive, and are not
effective3!?2 A comparison of benzocaine hydrochloride controlled substances. (2) These agents have a short in-
application with ice-slurry immersion for euthanasia of duction time. (3) Clove oil and its derivatives are effec-
bony bream (Nematalosa erebi) indicated that, for-cer tive at a wide range of water temperatures.
tain warm water n sh species, an ice-slurry elicits less
motor response than benzocaine overdose as a method  Disadvantages—(1) Clove oil and its derivatives are
of euthanasia, but additional work is needed to deter not FDA approved for use as an agent of euthanasia.
mine the most humane methoél® (2) Animals euthanized with clove oil products are not

approved for human consumption. (3) Some clove oil

Advantages—(1) Benzocaine hydrochloride is a derivatives are potential carcinogens. (4) The impact of
relatively fast-acting and effective euthanasia agent forclove oil residues in euthanized n sh on the environ-

n sh and amphibians. (2) Benzocaine hydrochloride ment or scavenger species has not been determined.

is not a controlled substance. (3) Benzocaine hydro-

chloride has low toxicity for humans at concentrations General recommendations—Clove oil, isoeugenol,

used to euthanize n sh. (4) Benzocaine hydrochloride and eugenol are acceptable agents of euthanasia for

poses little environmental risk as it is readily Itered nsh. It is recommended that, whenever possible,

by use of activated carbon and breaks down in water products with standardized, known concentrations of

within approximately 4 hours. essential oils be used so that accurate dosing can occur.
These agents are not acceptable means of euthanasia for

Disadvantages—(1) Benzocaine hydrochloride is animals intended for consumption.-
not FDA approved for use as an agent of euthanasia.
(2) Benzocaine hydrochloride may be cost prohibitive
for euthanasia of larger n sh, amphibians, and reptiles
or large populations. (3) Benzocaine hydrochloride so-
lutions must be carefully buffered to avoid tissue irrita-
tion. (4) The impact of benzocaine residues in eutha-
nized nsh on the environment or scavenger species
has not been determined.

General recommendations—Benzocaine hydro-
chloride gel and solutions are acceptable agents for
euthanasia for n sh and amphibians. Benzocaine hy-
drochloride is not an acceptable euthanasia agent for
animals intended for consumption.

M2.14 CLOVE OIL, ISOEUGENOL, AND EUGENOL
Cloves contain a number of essential oils, includ-
ing eugenol, isoeugenol, and methyleugeril.Eugenol
comprises 85% to 95% of the essential oils in cloves, and
has been used as a food avoring and a local anesthetic
for human dentistry. It is also classi ed as an exempted
minimum-risk pesticide active ingredient by the US EPA.
Eugenol exhibits antifungal, antibacterial, antioxidant,
and anticonvulsant activity. Some other components of
clove oil, such as isoeugenol, are equivocal carcinogens
based on studies in rodenf4® Clove oil and its extracts
have become popular as anesthetic agents for freshwater
and marine n sh because of their wide availability, low
cost, and shorter induction times when compared with
MS 222319320\When compared with MS 222 as an anes-
thetic agent, eugenol was found to have a more rapid
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M2.16 QUINALDINE (2-METHYLQUINOLINE,
QUINALIDINE SULFATE)

Quinaldine has low solubility in water and there-
fore must rst be dissolved in acetone or alcohol and
then buffered with bicarbonaté® The potency of quin-
aldine varies with species, water temperature, water pH,
and mineral content of water. Quinaldine acts through
depression of sensory centers of the CNS.

Advantages—(1) Quinaldine can be used in a
1-step immersion method for euthanasia of n sh. (2)
Quinaldine is not a controlled substance.

Disadvantages—(1) Quinaldine is not FDA ap-
proved for use as an agent of euthanasia. (2) The im-
pact of quinaldine residues in euthanized n sh on the
environment or scavenger species has not been deter
mined.

General recommendations—Quinaldine is an ac-
ceptable method of euthanasia for n sh under certain
circumstances. Quinaldine is not an acceptable means
of euthanasia in animals intended for consumption.

M2.17 METOMIDATE

Metomidate is a highly water-soluble, nonbarbi-
turate hypnotic that acts by causing CNS depression.
It is currently listed in the Index of Legally Marketed
Unapproved New Animal Drugs for Minor Species by
the FDA for use in sedation and anesthesia. While itis a
rapidly acting euthanasia compound for certain species
when used at 10 times the upper limit of the recom-
mended anesthetic dose, its listing in the Index makes
extralabel use (eg, its use for euthanasia) illegal. Should
the index status of metomidate change to inclue eutha-
nasia, or should FDA approval be obtained (thereby
allowing extralabel use under AMDUCA), metomidate
would be considered an acceptable agent of euthanasia
for some species of n sh under certain circumstances.

Metomidate is not an acceptable means of euthana-
sia in animals intended for consumption.

M2.18 SODIUM HYPOCHLO
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method of euthanasia. However, pneumatic purpose-
built nonpenetrating captive bolt guns have been used
successfully to euthanize suckling pigsieonatal rumi-
nants° and turkeys3*®

M3.4 MANUALLY APPLIED
BLUNT FORCE TRAUMATO THE HEAD

Euthanasia by manually applied blunt force trauma
to the head must be evaluated in terms of the anatomic
features of the species on which it is to be performed,
the skill of those performing it, the number of animals
to be euthanized, and the environment in which it is
to be conducted. Manually applied blunt force trauma
to the head can be a humane method of euthanasia for
neonatal animals with thin craniums if a single sharp
blow delivered to the central skull bones with suf cient
force can produce immediate depression of the CNS and
destruction of brain tissue. When properly performed,
loss of consciousness is rapid. Personnel performing
manually applied blunt force trauma to the head must
be properly trained and monitored for pro ciency with
this method of euthanasia, and they must be aware of
its aesthetic implications.

Manually applied blunt force trauma to the head
has been used primarily to euthanize small laboratory
animals with thin craniums334240341|t has also been ap-
plied for euthanasia of young piglets. The anatomic fea-
tures of neonatal calves make manually applied blunt
force trauma to the head unacceptable as a method of
euthanasia for this species.

Personnel who have to perform manually applied
blunt force trauma to the head often nd it displeas-
ing and soon become fatigued. Fatigue can lead to in-
consistency in application, creating humane concerns
about its ef cacious application to large numbers of
animals. For this reason, the AVMA encourages those
using manually applied blunt force trauma to the head
as a euthanasia method to actively search for alternate
approaches.

Advantages—(1) Blunt force trauma applied man-
ually to the head is inexpensive and effective when
performed correctly. (2) Blunt force trauma does not
chemically contaminate tissues.

Disadvantages—(1) Manually applied blunt force
trauma is displeasing for personnel who have to per
form it. (2) Repeatedly performing manually applied
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Lighter-weight, higher-velocity bullets can have high
muzzle energy, but decreased penetration, which can
be an issue when penetrating thick bones.

Whereas most euthanasia using rearms is con-

with ri es, the longer the barrel, the higher the muzzle
velocity. Therefore, if a .22 is used for euthanasia it is
best red from a ri e. The .22 should never be used on
aged bulls, boars, or rants?

M3.5.3 Bullet Selection

While much of the emphasis in euthanasia by gun-
shot is placed on choice of the most appropriate rearm,
it should be remembered that the gun is only the means
of delivery. Bullet selection is quite possibly the most
important consideration for euthanasia of livestock by
gunshot. There are three basic types of bullets pertinent
to this discussion: solid points, hollow points, and full
metal jacketed bullets. Solid-point bullets are preferred
for euthanasia since they are designed for greater pen-
etration of their targets. Under ideal conditions this
type of bullet will also undergo moderate expansion to
a mushroom shape that increases its destructive ehar
acteristics. Hollow-point bullets are designed with a
hollowed-out tip that causes rapid expansion and frag-
mentation of the bullet on impact. The hollow-point
design allows maximum transfer of energy without risk
of overpenetration. For applications where it may be
desirable to control or reduce the degree of bullet pen-

ducted at close range, calculations of muzzle energy are

useful for determining which rearms are appropriate
for euthanasia of animals of varying sizes. As the bul-
let travels beyond the muzzle of the rearm its energy
gradually begins to decrease. While this is not a con-
cern for the use of rearms in close proximity to the
animal, when attempting to euthanize an animal from

a distance, to ensure accuracy and that an acceptable

level of muzzle energy is achieved, a high-powered ri e
may be the better choice for conducting euthanasia. In
all cases, the most important factors in ensuring suc-
cessful euthanasia are the experience and skill of the
shooter.

M3.5.2 Muzzle Energy Requirements

For euthanasia, the combination of rearm and
ammunition®° selected must achieve a muzzle energy
of at least 300 ft-Ib (407 J) for animals weighing up to
400 Ib (180 kg). For animals larger than 400 Ib, 1,000
ft-Ib (1,356 J) is required* As demonstrated by Table
1, handguns do not typically achieve the muzzle en-
ergy required to euthanize animals weighing more than
400 Ib (180 kg), and therefore ri es must be used to
euthanize these animals.

Some would argue that the muzzle energies recom-

mended are well beyond what is necessary to achieve
satisfactory results. Anecdotal comment suggests that

the .22 LR is one of the most frequently used rearms
for euthanasia of livestock with varying degrees of suc-
cess. There is little doubt that success or failure is par
tially related to rearm and bullet characteristics, but
probably more so to selection of the ideal anatomic site
(ie, a site more likely to affect the brainstem) for con-
ducting the procedure. The Humane Slaughter Associa-
tion lists multiple rearms for euthanasia of livestock,
including shotguns (12, 16, 20, 28, and .410 gauges),
handguns (.32 to .45 caliber), and ries (.22, .243,
.270, and .308). In general, when comparing handguns
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grams. These programs offer training in rearm safety
and also provide information on rules and regulations
for rearm use.

Firearms should never be held ush to an animal’s
body. The pressure within the barrel when red may
cause the barrel of the gun to explode, placing the
shooter and observers at great risk of injury. Ideally, the
muzzle of the rearm should be held within 1 to 2 feet
of the animal’s forehead and perpendicular to the skull
with the intended path of the bullet roughly in the di-
rection of the foramen magnum. This will reduce the
potential for ricochet while directing the bullet toward
the cerebrum, midbrain, and medulla oblongata, which
will assure immediate loss of consciousness and rapid
death.

Advantages—(1) Loss of consciousness is instanta-
neous if the projectile destroys most of the brain. (2)
Given the need to minimize stress induced by handling
and human contact, gunshot may be the most practi-
cal and logical method of euthanasia for wild or free-
ranging species.

Disadvantages—(1) Gunshot may be dangerous for
personnel. (2) It is aesthetically unpleasant for many.
(3) Under eld conditions, it may be dif cult to hit
the vital target area. (4) Brain tissue may not be able
to be examined for evidence of brain diseases (eg, ra-
bies infection, chronic wasting disease) when the head
is targeted. (5) Skill in application of rearms and spe-
cies-speci ¢ knowledge of appropriate target sites is re-
quired. In some states, rearm use is not permitted if
the operator has been convicted of a felony.

General recommendations—When other methods
cannot be used, an accurately delivered gunshot is ac-
ceptable with conditions for euthanasi#*%? When an
animal can be appropriately restrained, the penetrating
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indicate this activity does not imply that pain is per the seizure are extension of the limbs, opisthotonus,
ceived, and in fact conclude that loss of consciousnessdownward rotation of the eyeballs, and a tonic (rigid)
develops rapidly. Visually evoked potentials in mice spasm changing to a clonic (paddling) spasm with
were reduced more quickly after cervical dislocation eventual muscle accidity.
compared with decapitatior! There are three approaches to the use of electricity
Guillotines designed to accomplish decapitation of for euthanasia. They are head only, 1-step head to body,
adult rodents and small rabbits in a uniformly instan- and 2-step head and body. To be effective for euthana-
taneous manner are commercially available. Guillotines sia all three of these methods must induce a grand mal
are not commercially available for neonatal rodents, but epileptic seizure.
sharp blades can be used for this purpose. For the head-only procedure, an electrical current
is passed through the head to induce a seizure. This
Advantages—(1) Decapitation appears to induce causes a temporary loss of consciousness of 15 to 30
rapid loss of consciousnes&®® (2) It does not chemi-  seconds’ duratiori®372373put does not induce cardiac
cally contaminate tissues. (3) Itis rapidly accomplished. brillation. For this reason, head-only application must
be immediately followed by a secondary procedure to
Disadvantages—(1) Handling and restraint re- cause death. When the head-only procedure is applied,
quired to perform decapitation may be distressful for the grand mal seizure is easily observable. Electrically
animals®® (2) The interpretation of the presence of induced cardiac brillation, exsanguination, or other
electrical activity in the brain following decapitation appropriate adjunctive methods may be used to achieve
has created controversy, and its importance may still death and should be performed within 15 seconds of
be open to debat&>° (3) Personnel performing this when the animal becomes unconscious.
method should recognize the inherent danger of the In the 1-step head-to-body approach an electrical
guillotine and take precautions to prevent personal in- current is simultaneously passed through both the brain
jury. (4) Decapitation may be aesthetically displeasing and the heart. This simultaneously induces a grand mal
to personnel performing or observing the method. seizure and electrocutes the animal by inducing cardiac
arrest106:3%9.374-376Because electricity passes through the
General recommendations—This method is acceptspinal column, clinical signs of the grand mal seizure
able with conditions if performed correctly, and it may may be masked; however, it is usually possible to see a
be used in research settings when its use is requiredweak tonic phase and weak clonic phase after a 3-sec-
by the experimental design and approved by the IA- ond application. If current is applied for more than 3
CUC. Decapitation is justi ed for studies where un- seconds, tonic and clonic spasms may be blocked. The
damaged and uncontaminated brain tissue is required. 1-step approach must be used with amperage settings
The equipment used to perform decapitation must be that have been scienti cally veri ed to induce a seizure.
maintained in good working order and serviced on a Recommended amperages are 1.25 amps for pigs, 1
regular basis to ensure sharpness of blades. The usemp for sheep, and 1.25 amps for cat#é37® Denicourt
of plastic cones to restrain animals appears to reduceet aF”” report that 110 V at 60 Hz applied for 3 seconds
distress from handling, minimizes the chance of injury was effective for pigs up to 125 kg (275 Ib).
to personnel, and improves positioning of the animal. In the 2-step method an electrical current is passed
Decapitation of amphibians, n sh, and reptiles is ad- through the head to induce unconsciousness, then a
dressed elsewhere in the Guidelines. Those responsiblesecond current is passed through either the side of the
for the use of this method must ensure that personnel body or the brisket to induce cardiac arre3t3"° Ap-
who perform decapitation have been properly trained plying the second current by an electrode placed on the

to do so and are monitored for competence. side of the body behind the forelimb has been reported
to be effective’®
M3.8 ELECTROCUTION A common cause of failure to induce unconscious-

Alternating current has been used to euthanize ness is incorrect placement of the electrod&s.Ex-
dogs, cattle, sheep, goats, swine, chickens, foxes, mink,periments with dogs revealed that electrode positions
and n sh. 4554342.345359-366 ifty- or 60-cycle electrical where the brain is bypassed do not cause instantaneous
current is more effective than higher frequencié8:3%  unconsciousness. When electricity passes only between
Electrocution induces death by cardiac brillation, the forelimbs and hind limbs or neck and feet, it causes
which causes cerebral hypoxi&33¢¢2° However, ani- the heartto brillate but does not induce sudden loss of
mals do not lose consciousness for 10 to 30 secondsconsciousnes&® The animal will be electrocuted, but
or more after onset of cardiac brillation. It is impera- will remain conscious until it dies from cardiac bril-
tive that animals be unconscious and insensible to pain lation.
before being electrocuted. Unconsciousness can be in-  Three options are available for correct electrode
duced by any method that is acceptable or acceptableplacement for the head-only method, including on both
with conditions, including passing a current through sides of the head between the eye and ear, the base of
the brain37 the ear on both sides of the head, and diagonally below

Parameters for use of electricity to induce uncon- one ear and above the eye on the opposite side of the
sciousness are readily availalif3* When electricity  head. For the 1-step (head-to-back) method, the head
is used to induce unconsciousness, a current is passecelectrode may be placed on the forehead or immedi-
through the brain, which will induce a grand mal epi- ately behind the ear. The head electrode should never
leptic seizurelf6:2e3386372Gjgng of effective induction of be placed on the neck because the brain will be by-
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passed?® Diagonal movement of the electrical current M3.9 KILLTRAPS

through the body can be accomplished by placing the Mechanical kill traps are used for the collection

head electrode behind one ear and the body electrodeand killing of small, free-ranging mammals for com-

on the opposite side. When the 2-step procedure is mercial purposes (fur, skin, or meat), scientic pur

used, placement of the body electrode behind the fore- poses, to stop property damage, and to protect human

limb is effective?® Electrodes consisting of a metal band safety. Their use remains controversial and kill traps do

or chain around the nose and a band or chain around not always render a rapid or stress-free death consis-

the thorax appear to be effective for pigs weighing up tent with the criteria established for euthanasia by the

to 125 kg3 POE?® For this re witd kila70(, he ent thatechanicalthis r)2
When electrical methods of euthanasia are used, Tw T* (POE.)Tj 5.83hat T* [(efeith )]Td(overp)]TJ 0 p

the following signs of return to consciousness must

be absent: rhythmic breathing, righting re ex, vocal-

ization, eyeblink, and tracking of a moving obje¢t.

Gasping and nystagmus may be present in animals that

have been successfully rendered unconscious with elec-

tricity. Gasping should not be confused with rhythmic

breathing, and nystagmus (a rapid vibrating or utter

ing of the eye) should not be confused with eyeblink

(complete closure and then complete opening of the

eye, which occurs without touching).

Advantages—(1) Electrocution is humane if the
animal is rst rendered unconscious. (2) It does not
chemically contaminate tissues. (3) It is economical.

Disadvantages—(1) Electrocution may be hazard-
ous to personnel. (2) It is not useful for dangerous, in-
tractable animals that are dif cult to restrain. (3) It is
aesthetically objectionable because of violent extension
and stiffening of the limbs, head, and neck. (4) It may
not result in death in small animals (< 5 kg [11 Ib])
because ventricular brillation and circulatory collapse
do not always persist after cessation of current ow. (5)
Sometimes it is not effective in dehydrated animals.
(6) Personnel must be familiar with appropriate place-
ment of electrodes and use of equipment. (7) Purpose-
built equipment must be used.

General recommendations—Euthanasia by electro-
cution is acceptable with conditions. It requires spe-
cial skills and equipment that will ensure passage of
suf cient current through the brain to induce loss of
consciousness and induce tonic and clonic epileptic
spasms. Unconsciousness must be induced before car
diac brillation or simultaneously with cardiac brilla-
tion. Cardiac brillation must never occur before the
animal is rendered unconscious. Methods that apply
electric current from head to tail, head to foot, or head
to moistened metal plates on which the animal stands
are unacceptable. The 2-step method should be used
in situations where there may be questions about suf-
cient current to induce a grand mal seizure with tonic
and clonic spasms. This approach enables observation
of tonic and clonic spasms before a second current is ap-
plied to induce cardiac arrest. Although acceptable with
conditions if the aforementioned requirements are met,
the method’s disadvantages outweigh its advantages in
most applications. Electroimmobilization that paralyz-
es an animal without rst inducing unconsciousness is
extremely aversive and is unacceptal§lé3"* For both
humane and safety reasons, the use of household elec-
trical cords is not acceptable.
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substance are not acceptable for euthanasia, but may be
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S1. COMPANION ANIMALS state (eg, animal control of cers, animal care techni-

Methods acceptable with conditions are equivalent cians in laboratories, certi ed euthanasia technicians

to acceptable methods when all criteria for application N Shelters in some states), as does the amount of vet-
of 2 method can be met. erinary supervision required. Euthanizing large num-

bers of animals on a regular basis can be stressful and

S1.1 GENERAL CONSIDERATIONS may result in symptoms of compassion fatig&&. To
' Companion animals for which euthanasia is de- minimize the stress and demands of this duty, trained

termined to be necessary are usually encountered in P€rsonnel must be assured that they are performing
4 main environments: individually owned animals: euthanasia in the most humane manner possible. This

breeding animals (from dams, sires, and single litters requires an organizational commitment to provide on-

to colonies of breeding animals): populations of ani- 9°INg professional training on the latest methods and
mals maintained in animal control facilities, shelters materials available for euthanasia and effective man-

. ; PR : f compassion fatigue for all personiglin
and rescues, and pet shops; and animals maintained in2gement o i .

research Iaborator?es Exgmples of less common ven-2ddition, personnel should be familiar with methods
ues in which companion animals might be euthanized of restraint and euthanasia for all species likely to be
include quarantine stations and Greyhound racetracks. enc%gfge\%ﬁygeguﬁgggéi a is conducted in institu-
égug}fs%o;?%a:&gt?g::]nvag‘:’t eat:reatceosnsc;?tehrgc(jsm dzﬁﬁggn tional settings should be isolated from other activities,

As indicated previously in this document (see Section where possible, to minimize stress on animals and to
I5.5, Human Behavior), the relationships between com- provide staff with a professional and dedicated work

. ; . area. A well-designed euthanasia space provides good
panion animals and their owners or caretakers vary and

. lighting with the ability to dim or brighten as required,
should be carefully considered and respected when se-qyiijation, adaptable xtures, and adequate space for
lecting an approach to euthanasia for these species. ' ’

X . . X at least two people to move around freely in different
Euthanasia of companion animals is best conducted types of animal-handling situation&-%2 Attempts

should be made to minimize smells, sights, and sounds
i X : 10 TN&hat may be stressors for animals being euthanized. Ba-
availability of equipment and personnel will all contrib- e equipment for handling and restraint, a scale, clip-
ute to decisions about the most appropriate location. hers tourniquets, stethoscope, cleaning supplies, a va-
The professional judgment of the veterinarian conduct- riety of needles and syringes, and body bags should be
ing or providing oversight for euthanasia is paramount reagily available to accommodate the needs of poten-
in making appropriate decisions about euthanasia (eg, jally diverse animal populations. In addition, a rst-aid
location, agent, route of administration) in species kept it should be available to address minor human inju-
as companions and in the speci ¢ environments where yjes and medical attention should always be sought for
they are encountered. Personnel conducting euthanasiapite injuries and more serious human injuries.
must have a complete understanding of and pro ciency Euthanasia protocols for companion animals (usu-
in the euthanasia method to be used. . ally dogs and cats) in institutional settings (eg, shelters,

For individually owned companion animals, eu- |arge breeding facilities, research facilities, quarantine
thanasia will often be conducted in a private room in facilities, racetracks) may differ from those applied in
a veterinary clinic or in the home, to minimize animal  traditional companion animal clinical practices due to
and ovv_ner distresg* Faptors Ieadlng to the deC|S|0n'to situation-speci c requirements, inc|uding variable ac-
euthanize should be discussed operf§,and the ani-  cess to pharmaceuticals and other equipment, diagnos-
mal's owner should be permitted to be present during tic and research needs (eg, postmortem tissue samples),
euthanasia whenever feasible. Owners should be fully and the number of animals to be euthanized. For this
informed about the process they are about to observe,reason, general recommendations about euthanasia
including the potential for excitation during anesthe- methods applicable to companion animals are followed
sia and other possible complicatiort8:*?? If one eu- by more speci ¢ information as to their applicability in
thanasia method is proving dif cult, another method frequently encountered environments. While protocols
should be tried immediately. Euthanasia should only be may differ, the interests of the animal must be given
attempted when the necessary drugs and supplies areequal consideration whether the animal is individually
available to ensure a smooth procedure and, upon veri- owned or not.
cation of death, owners should be verbally noti ed®

In animal control, shelter, and rescue situations; S1.2 ACCEP
research laboratories; and other institutional settings,
trained technical personnel rather than veterinarians
often perform euthanasia. Training and monitoring of
these individuals for pro ciency vary by setting and
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ure 7]*%64289 may be used as an alternative to IV or IP
injection of barbiturates when IV access is dif cuf®
Intra-organ injections may speed the rate of barbiturate
uptake over standard IP injections, and when an owner
is present, this approach may be preferred over the IP
route.*?9
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exposure may be necessary to ensure death. Alternate
methods with fewer conditions and disadvantages are
recommended whenever feasible.

Electrocution—Electrocution using alternating cur
rent in dogs rendered unconscious by an acceptable
means (eg, general anesthesia) may be used for eutha-
nasia (see Section M3.8 of the Guidelines for details).
The disadvantages of electrocution outweigh its advan-
tages; therefore it is not recommended for routine use
in companion animals. Alternate methods with fewer
conditions and disadvantages should be used whenever
feasible.

S1.5 UNACCEPTABLE METHODS

With the exception of IM delivery of select inject-
able anesthetics, the SC, IM, intrapulmonary, and in-
trathecal routes of administration are unacceptable for
administration of injectable euthanasia agents because
of the limited information available regarding their ef-
fectiveness and high probability of pain associated with
injection in awake animals.

Household chemicals, disinfectants, cleaning
agents, and pesticides are not acceptable for adminis-
tration as euthanasia agents.

Other unacceptable approaches to euthanasia in-
clude hypothermia and drowning.

S1.6 SPECIAL CONSIDERATIONS

S1.6.1 Dangerous or Fractious Animals
Animals that are unable to be safely and humanely
restrained should be sedated by means of drugs deliv-
ered orally (eg, gelatin capsules for delivery of drugs
) , . in food,*! liquid formulations squirted into mouth$?)

~ Penetrating captive bolt—Use of a penetrating capor remotely (eg, darts, pole syringes) before adminis-
tive bolt by trained personnel in a controlled laboratory tration of euthanasia agents. Doing so will assist in re-
setting has been described as an effective and humangeying anxiety and pain for the animal, in addition to
method of euthanasia for rabbits and do@8.The bolt  reducing safety risks for personnel. There is a variety
must be placed directly against the skull; therefore, safe of pre-euthanasia drugs that can be administered PO,
and effective application of the technique may be fa- sC, or IM, alone or in combination, to render animals
cilitated by pre—euthanaSIa sedation or anesthesia. Pen‘unconscious with minimal hand"ng in preparation for
etrating captive bolt is not recommended as a routine gythanasig
approach to the euthanasia of dogs, cats, or other small
companion animals, and should not be used when oth- 51.6.2 Disposal of Animal Remains

er methods are available and practicable. Residues of injectable agents commonly used for
euthanasia of companion animals (eg, sodium pento-
S1.4 ADJUNCTIVE METHODS barbital) tend to persist in the remains and may cause

Potassium chloride—Potassium chloride (1 to 2 sedation or even death of animals that consume the
mmol/kg, 75 to 150 mg/kg, or 1 to 2 mEq #*kg) ad-  body. For this reason safe handling and appropriate dis-
ministered IV or intracardially may be used to eutha- posal of the remains are critically important. Additional
nize companion animals when they are unconscious information is available in Section 18, Disposal of Ani-
(unresponsive to noxious stimuli) or under general an- mal Remains.
esthesia. Use of potassium chloride in awake animals is
unacceptable. S1.7 FETUSES AND NEONATES

Scienti ¢ dat&®? indicate that mammalian embryos

Nitrogen or argon—Gradual displacement methods and fetuses are in a state of unconsciousness through-
using N, or Ar, alone or with other gases, in awake dogs out pregnancy and birth. For dogs and cats, this is
and cats may resultin hypoxia prior to loss of conscious- in part due to moderate neurologic immaturity, with
ness (see Inhaled Agents section of the Guidelines forsentience being achieved several days after birth. The
details). Therefore, administration of Nor Ar (< 2%  precocious young of guinea pigs remain insentient and
O,) should only be used as an adjunctive method for unconscious until 75% to 80% of the way through preg-
unconscious or anesthetized dogs and cats; prolonged

46 AVMA Guidelines for the Euthanasia of Animals: 2013 Edition



chemical inhibitors (eg, adenosine, allopregnanolone,
pregnanolone, prostaglandin Dplacental peptide neu-
roinhibitor) and hypoxic inhibition of cerebrocortical
activity.**2 As a consequence, embryos and fetuses can-
not consciously experience feelings such as breathless-
ness or pain. Therefore, they also “cannot suffer while
dying in utero after the death of the dam, whatever the
cause.”™? Information about developing nonmamma-
lian eggs is available in the S5, Avians; S6, Fin sh and
Aquatic Invertebrates; and S7, Captive and Free-Rang-
ing Nondomestic Animals sections of the Guidelines.

Euthanasia of dogs, cats, and other mammals in
mid- or late-term pregnancy should be conducted via
an injection of a barbiturate or barbituric acid deriva-
tive (eg, sodium pentobarbital) as previously described.
Fetuses should be left undisturbed in the uterus for 15
to 20 minutes after the bitch or queen has been con-
rmed dead. This guidance is also generally applicable
to nonmammalian species, with euthanasia of eggs per
guidance provided in the S5, Avians; S6, Fin sh and
Aquatic Invertebrates; and S7, Captive and Free-Rang-
ing Nondomestic Animals sections of the Guidelines.
Intraperitoneal injections of pentobarbital should be
avoided whenever possible during the later stages of
pregnancy due to the likelihood of inadvertently enter
ing the uterus, rendering the injection ineffective.

Altricial neonatal and preweanling mammals are
relatively resistant to euthanasia methods that rely on
hypoxia as their mode of action. It is also dif cult, if not
impossible, to gain venous access. Therefore, IP injec-
tion of pentobarbital is the recommended method of
euthanasia in preweanling dogs, cats, and small mam-
mals. Intraosseous injection may also be used, if strate-
gies are used to minimize discomfort from injection by
using intraosseous catheters that may be in place (see
Section M2, Nonlnhaled Agents, of the Guidelines), or
if the animal is anesthetized prior to injection.

During ovariohysterectomy of pregnant dogs and
cats and small mammals with altricial neonates, liga-
tion of the uterine blood vessels with retention of the
fetuses inside the uterus will result in death of the fe-
tuses. The resistance of altricial neonates (eg, cats, dogs,
mice, rats) to euthanasia methods whose mechanisms
rely on hypoxia suggests that the uterus should not be
opened for substantially longer periods than for preco-
cial neonates? perhaps 1 hour or longer. In the case
of caesarian section in late-term pregnancy, IP injection
of pentobarbital is recommended for fetuses that must
be euthanized for congenital deformities or illness and
that have been removed from the uterus (creating the
potential that successful breathing may have occurred).

S1.8 EUTHANASIA
IN SPECIFIC ENVIRONMENTS

S1.8.1 Individual Animals
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mandatory veterinary input and considers animal wel-
fare, requirements for postmortem tissue specimens,
and interference of euthanasia agents or methods with
study results. Scienti ¢ and husbandry staff form strong
emotional bonds with companion animals in scienti ¢
settings, so sensitivity to grief and compassion fatigue
is hecessary.

S2. LABORATORY ANIMALS

Methods acceptable with conditions are equivalent
to acceptable methods when all criteria for application
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S2.2.4 Fetuses and Neonates

Rodents with altricial young, such as mice and
rats, must be differentiated from rodents with precocial
young, such as guinea pigs. Precocial young should be
treated as adults.

S2.2.4.1 Acceptable Methods
Euthanasia of the dam and fetuses—Rodent fetuses
along with other mammals are unconscious in utero
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mals already under anesthesia may be euthanized by arinclude the African clawed frog (X laevis) and leopard
overdose of anesthetic. and bull (Ranaspp) frogs. These species are best eutha-
nized via a physical method while fully anesthetized.
Carbon dioxide—While CQis an effective method
of euthanasia, its use as the sole agent in rabbits resultsS3. ANIMALS FARMED
in apparent distress to the rabbit. Premedication with FOR FOOD AND FIBER

sedative age.nts will allow for the administration of C;O Methods acceptable with conditions are equivalent
for euthanasia. to acceptable methods when all criteria for application
of a method are met.

S2.4.3.2 Physical Methods

Cervical dislocation—Cervical dislocation is ac- 3.1 GENERAL CONSIDERATIONS
ceptable with conditions for rabbits when performed by While some methods of slaughter and depopula-
individuals with a demonstrated high degree of tech- tion might meet the criteria for euthanasia identi ed by
nical pro ciency. The need for technical competency the POE, others will not and comments in this document
is great in heavy or mature rabbits in which the large are limited to methods used for euthanasia. The following
muscle mass in the cervical region makes manual cervi-section relates to species of animals domesticated for agri-
cal dislocation more dif cult. Commercial devices de- cultural purposes, speci cally cattle, sheep, goats, swine,
signed to aid in rabbit cervical dislocation are available and poultry, regardless of the context in which that animal
and should be evaluated for their effectiveness. is being kept or the basis for the decision to euthanize it.

Handling of animals prior to euthanasia should be

Penetrating captive bolt—The use of rabbit-sizedas stress free as possible. This is facilitated by ensuring
penetrating captive bolts to euthanize rabbits in labo- that facilities are well designed, appropriate equipment
ratory or production facilities is acceptable with con- is available, and animal handlers are properly trained
ditions. The captive bolt must be maintained in clean and their performance monitoredo®105-108

working order, positioned correctly, and operated safely Regardless of the method of euthanasia used, death

by trained personnel. must be con rmed before disposal of the animal’s re-
mains. The most important indicator of death is lack

S2.4.4 Special Cases of a heartbeat. However, because this may be dif cult

When rabbits to be euthanized are in a surgical to evaluate or con rm in some situations, animals can
plane of anesthesia, adjunctive methods such as deliv-be observed for secondary indicators of death, which
ery of potassium chloride, exsanguination, or bilateral might include lack of movement over a period of time
thoracotomy are acceptable. (30 minutes beyond detection of a heart beat) or the

presence of rigor mortis.
S2.5 LABORATORY FINFISH, AQUATIC
INVERTEBRATES, AMPHIBIANS, AND REPTILES S3.2 BOVIDS AND SMALL RN

Recommending euthanasia methods for nsh,
aquatic invertebrates, amphibians, and reptiles used
in biomedical research is challenging due to the enor
mous number of species and variations in biological
and physiologic characteristics. Methods for euthaniz-
ing species commonly used in research are discussed
in detail in the relevant sections of the Guidelines. See
these sections for additional information.

As described in the aquatics section it is acceptable

for zebra sh (Danio rerio) to be euthanized by rapid
chilling (2° to 4°C) until loss of orientation and oper
culum movements and subsequent holding times in
ice-chilled water, speci ¢ to n sh size and agé16461.462
Adult zebra sh should be exposed for a minimum of
10 minutes and fry 4 to 7 days after fertilization (dpf)
for at least 20 minutes following loss of operculum
movement. Rapid chilling (as well as MS 222) has
been shown to be an unreliable euthanasia method for
embryos< 3 dpf. To ensure embryonic lethality these
methods should be followed with another agent such
as diluted sodium or calcium hypochlorite solutioff?
If necessary to ensure death of other life stages, rapid
chilling may be followed by either an approved adjunc-
tive euthanasia method or a humane killing method.
Until further research is conducted, rapid chilling is ac-
ceptable with conditions for other small-bodied tropi-
cal and subtropical stenothermic species.

Amphibian species commonly used in research
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excess energy of the bolt. Depending upon model, the
bolt may automatically retract or require manual place-
ment back into the barrel through the muzzle. Accu-
rate placement over the ideal anatomic site, energy (ie,
bolt velocity), and depth of penetration of the bolt de-
termine effectiveness of the device to cause a loss of
consciousness and death. Bolt velocity is dependent on
maintenance of the captive bolt gun (cleaning and re-
placement of worn parts), as well as proper storage of
the cartridge charges. Bolt velocities of 55 to 58 m/s
are desirable for effective captive bolt use in slaughter
plants 332333465.466Racommended minimum bolt veloci-
ties proposed for shooting bulls are as high as 70 m/s.
In slaughter plants where bolt velocity is of particular
concern, bolt velocity is routinely monitored to assure
proper function of these device¥’

In general, captive bolt guns, whether penetrating
or nonpenetrating, induce immediate loss of conscious-
ness, but death is not always assured with the use of
this device alone. In a study of 1,826 fed steers and heif-
ers only 3 (0.16%) had signs of a return to sensibility or
consciousnes&® Results were similar in observations
of 692 bulls and cows where 8 (1.2%) animals had signs
consistent with a return to consciousnes¥. Failure to
achieve a 100% loss of consciousness with no return
to a conscious mental state was attributed to storage of
the captive bolt charges in a damp location, poor main-
tenance of ring pins, inexperienced personnel oper
ating the captive bolt (use of the incorrect anatomic
site), mis res associated with a dirty trigger on the cap-
tive bolt, and use of the device on cows and bulls with
thick, heavy skulls33

At the present time, an adjunctive method such as
exsanguination, pithing, or the 1V injection of a saturat-
ed solution of potassium chloride is recommended to
ensure death when penetrating captive bolt is usétA
newer version of penetrating captive bolt has emerged
in recent years?

-echniqueT -1scattposed flt ghobolng t) ous-
prophe use of --
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Firearms should be positioned so that the muzzle is
perpendicular to the skull to avoid ricochet. Proper po-
sitioning of the rearm or penetrating captive bolt is
necessary to achieve the desired results.

Use of the poll (bony protuberance on the top of
the skull) for application of the penetrating captive
bolt in slaughter plants is not allowed by regulations
in the European Union because the depth of concus-
sion in this region is less than that observed in frontal
sites?8 Conversely, for large bulls and water buffalo use
of the frontal site for administration of a captive bolt
is not always effective because of the thickness of the
hide and skull in this region. Use of the poll position
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veins are cut, bleeding may persist at variable rates forthe gun never be held ush with the skull. Instead, the

several minutes. Severing these vessels closer to the thomuzzle of the gun should be aimed in the desired direc-

racic inlet where the vessels are larger will increase bloodtion and held no closer than 6 to 12 inches from the

ow rate. Some evidence suggests that restricted blood target.

ow may be caused by the formation of false aneurysms

in the severed ends of arteries in catffé. Penetrating and nonpenetrating captive bolts—The

principal anatomic sites for application of captive bolts

Pithing—Pithing is a technique designed to cause in small ruminants are the frontal and poll positions

death by increasing destruction of brain and spinal (Figure 11). In sheep with horns, the poll position is

cord tissue. It is performed by inserting a pithing rod

through the entry site produced in the skull by a bullet

or penetrating captive bolt. The operator manipulates

the pithing tool to destroy brainstem and spinal cord

tissue to ensure death (see Physical Methods). Mus-

cular activity during the pithing process is often quite

violent, but is followed by quiescence that facilitates

exsanguination or other procedure®

S3.2.2 Sheep and Goats

Euthanasia of small ruminants may be necessary
for reasons ranging from traumatic injury to incurable
disease. Methods include barbiturate overdose, gun-
shot, or captive bolt followed by an adjunctive method
such as exsanguination, IV administration of potassium
chloride or magnesium sulfate, or pithing. Electrocu-
tion is another option, but this method requires spe-
cialized equipment to restrain the animal for proper
placement of the electrodes. Because electricity and the
necessary equipment are unlikely to be available for
euthanasia under eld conditions, electrocution is not
considered to be practical for routine use.

S3.2.2.1 Acceptable Methods

S3.2.2.1.1 Noninhaled Agents

Barbiturates and barbituric acid derivatives—Barbi-
turates act by depression of the CNS, which progresses
from a state of consciousness to unconsciousness, deep
anesthesia, and eventually death. Although use of these
agents requires restraint and involves mild discomfort
(ie needle placement) for administration, observers
generally nd this a more acceptable method of eu-
thanasia because death comes about more peacefully.
In the companion animal setting, these attributes are
highly desirable. In production settings, concerns for
cost and disposal of animal remains make this method
a less attractive euthanasia option.

S3.2.2.2 Acceptable With Conditions Methods

S3.2.2.2.1 Physical Methods

Gunshot—Firearms recommended for euthanasia
of adult small ruminants include the .22 LR rie; .38
Special, .357 Magnum, and 9 mm or equivalent hand-
guns; and shotguns. Some prefer hollow-point bullets
to increase brain destruction and reduce the chance of
ricochet. However, operators are reminded that bullet
fragmentation may substantially reduce the potential
for brain destruction because of reduced penetration,
particularly when used in large-horned adult rams.
Shotguns or higher-caliber rearms loaded with solid-
point bullets are preferred in these conditions. When
rearms are used for euthanasia it is important that
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often preferred. Use of a captive bolt in the poll position
was evaluated, using 8 anesthetized shé&grojection

of the shot was on a line running between the bases of
the ears and aiming toward the throat. Cortical visual
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because their skulls are too hard to achieve immediate
destruction of brain tissue leading to unconsciousness
and death. Manually applied blunt force trauma is also
dif cult if not impossible to apply consistently because
of the degree of restraint required and complications in
positioning calves, lambs, and kids for conducting this
procedure.

Barbiturate overdose may be used for euthanasia
of neonatal calves, lambs, and kids. In noncommercial

AVMA Guidelines for the Euthanasia of Animals: 2013 Edition

57



tempts would include impaired brain function caused S3.3.1.1 Acceptable Methods
by anoxia occurring during the rescue attempt, com-
promised respiratory function and body heat produc- S3.3.1.1.1 Noninhaled Agents
tion resulting from fetal immaturity, and greater risk of Barbiturates and barbituric acid derivatives—Ma-
infection as a consequence of failure of passive transferture sows, boars, and grower- nisher pigs may be
of immunity.432484485\When the value of the fetus justi- euthanized by IV administration of euthanasia solu-
es the effort to secure a successful live delivery, the tions containing barbiturates® A dosage of 1 mL/5 kg
preferred approach to assure fetal health and welfare (0.45 mL/2.3 Ib) up to 30 kg (66 Ib), then 1 mL/10 kg
is by caesarian section using standard surgical proce-(0.45 mL/4.5 Ib) thereafter, has been recommend&d.
dures. This method may not cause death if a lethal dose is not
administered IV. Barbituates are not commonly used
Barbiturates and barbituric acid derivatives—Pento-in eld conditions, but may be applicable in some set-
barbital readily crosses the placenta resulting in fetal tings. Because these drugs are controlled substances
depression in pregnant animals. However, death of the they must be administered by personnel who are reg-
dam normally precedes the death of the fetus. In one istered with the US DEA, and extralebel use requires
study*® cardiac arrest in lambs was delayed for as long administration by or under the supervision of a veteri-
as 25 minutes beyond the death of the dam. Similar ob- narian. Strict record keeping is required of all who use
servations in mice demonstrated that death of the fe- and store these drugs.
tuses could only be achieved by the use of doses well ~ Many nd euthanasia by the IV administration of
in excess of those normally required for euthanadfa. a barbituate less displeasing than gunshot, captive bolt,
Based on these observations, one could offer a similaror electrocution. Therefore, it is preferred in some set-
recommendation to that provided previously for death tings. A disadvantage of this method of euthanasia is
by exsanguination whereby fetuses should be retainedthat tissues from animals euthanized with barbiturates
within the uterus for at least 15 to 20 minutes after ma- may not be suitable for diagnostic evaluation. Further
ternal death has occurred to prevent the delivery of vi- more, options for disposal of animals euthanized with
able fetuses.

S3.3 SWINE

Methods of euthanasia commonly applied to swine
include CQ,, Ar, N,, gas mixtures, gunshot, nonpene-
trating and penetrating captive bolts, overdose of an an-
esthetic administered by a veterinarian, electrocution,
and blunt force trauma (in suckling piglets only). Selec-
tion of the most appropriate method for each situation
is dependent upon size and weight of the animal, avail-
ability of equipment and facilities, operator skill and
experience with the procedure, aesthetic concerns, hu-
man safety, and options for disposal of remains. Certain
physical methods of euthanasia may require adjunctive
methods such as exsanguination or pithing to ensure
death. A brief description of each method and appro-
priate candidates for it are described. Detailed informa-
tion on inhaled, noninhaled, and physical methods of
euthanasia may be found in the respective sections of
this document.

S3.3.1 Mature Sows, Boars, and
Grower-Finisher Pigs

Methods usually used for euthanasia of sows, boars,
and grower- nisher pigs include gunshot, penetrating
captive bolt, electrocution, and barbiturate overdose.

Use of physical methods of euthanasia requires
direct contact with the animal, and therefore restraint
is necessary. Use of a snare is the most common form
of restraint for adult swine. Studig&€-“**demonstrate
varying degrees of stress associated with restraint by
snaring techniques. To minimize stress associated
with snaring, personnel conducting euthanasia of
swine are advised to make advance preparations (eg,
prepare the site, load the gun or captive bolt) so that
the time during which the animal must be restrained
is minimized.
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Figure 12—There are three possible sites for conducting eutha-
nasia in swine: frontal, temporal and from behind the ear toward
the opposite eye. The frontal site is in the center of the forehead
slightly above a line drawn between the eyes. The bolt or bullet
should be directed toward the spinal canal. The temporal site is
slightly anterior and below the ear. The ideal target location and
direction of aim may vary slightly according to breed and the age
of the animal (due to growth of the frontal sinuses). (Adapted
with permission from Shearer JK, Nicoletti P Anatomical land-
marks. Available at: www.vetmed.iastate.edu/vdpam/extension/

dairy/programs/humane-euthanasia/anatomical-landmarks.

Accessed Jun 24, 2011)

may be captured in an earthen surface. Shotguns may
be used at short range and offer the advantage of less
potential for bullet ricochet. Twelve-, 16- or 20-gauge
shotguns are recommended for mature pigs. The muz-
zle should never be held ush to the skull.

Gunshot is an effective, low-cost method of eutha-
nasia when properly performed. Firearms are readily
available in most areas. Human safety is the primary
concern with the use of gunshot for euthanasia. Proper
training on rearm safety and use is imperative and
gunshot should only be performed by personnel who
have had appropriate training.

Penetrating captive bolt—Use of well-maintained
penetrating captive bolt guns with ammunition appro-
priately selected for the size of the animal is acceptable
with conditions as a method of euthanasia for growing
and adult swine*®5% Proper application of the pen-
etrating captive bolt requires restraint of the animal
because the device must be held rmly against the fore-
head over the site described for gunshot (Figure 12).
When performed correctly, the pig drops to the oor
immediately, exhibiting varying amounts of tonic and
clonic muscle movements. Con rmation that the ani-
mal has been rendered insensible includes observation
of the following: rhythmic breathing stops, no righting
re ex is observed, vocalization is absent, and no palpe-
bral re exes or responses to noxious stimuli are pres-
ent. All pigs should be observed for evidence of these
responses until death has been con rmed.

Death following use of the penetrating captive
bolt is commonly achieved, but is not assured depend-
ing upon bolt length and depth of the frontal sinus in
mature sows and boars. Therefore, secondary steps to
ensure death (eg, a second application of the penetrat-
ing captive bolt, exsanguination, pithing) should be ap-
plied as necessary. Breed differences result in variable
skull shapes making determination of the best anatom-
ic site for conducting euthanasia in mature sows and
boars dif cult. 352

Penetrating captive bolts offer safety advantages
compared with rearms. Properly applied, the method
is very effective and costs associated with its use are
minimal. However, it is important that penetrating cap-
tive bolt guns be maintained regularly (cleaning and
replacement of worn parts) and that cartridge charges
be stored properly to ensure appropriate bolt velocity.
Bolt length and ammunition requirements for effective
single-step euthanasia vary for different sizes and ma-
turities of pigs. Using a captive bolt of inappropriate
length or with insuf cient charge reduces effectiveness.
Personnel must be trained in the proper use of pen-
etrating captive bolts to ensure effective euthanasia.

Electrocution—Electrocution as a sole method of eu-

energies of 300 ft-Ib or more are required for euthanasia thanasia can achieve death via 2-step or single-step pro-
of adult sows, boars, and growing- nishing pigs. When cesse§°373501-508 Electrical current must pass through
the alternate site behind the ear is chosen, a .22 caliberthe brain to achieve loss of consciousness, but then must
rearm loaded with a solid-point bullet may be used. cross the heart to cause brillation and cardiac arrest. As
Wadcutters and fragmenting bullets should not be used a 2-step process, electrode placements are head-head,
for euthanasia of adult swine. Potential for ricochet is followed by head to ank, for the appropriate time. For a
reduced when euthanasia by gunshot can be conductedsingle-step process for euthanasia, head to opposite ank
outdoors where bullets that pass through the animal is an example of appropriate placement.
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Head-only electrocution induces a grand mal sei- euthanasia solutions containing barbiturates. Because
zure and immediate unconsciousness, but death doesthese drugs are controlled substances they must be ad-
not occur unless followed by head-to-heart electrocu- ministered by personnel who are registered with the US
tion or the application of an adjunctive method to en-
sure death such as exsanguinati®® or pithing. The
secondary step, whether head-to-heart electrocution or
another method, must be performed within 15 seconds
of onset of unconsciousness; otherwise, the animal may
regain consciousness. Head-only electrocution is jper
formed by placement of the electrodes in one of three
positions: between the eyes and base of the ears on either
side of the head; below the base of the ears on either side
of the head; or diagonally, below one ear to above the
opposite eye. Placement of electrodes for head-to-heart
electrocution is on the head in front of the brain (some
use the base of the ear) with a secondary electrode at-
tached to the body behind the heart on the opposite side.
This assures diagonal movement of current through the
animal’s body. With speci c electrode placement, current
of 110 V at a minimum frequency of 60 Hz applied for
a minimum of 3 seconds is suf cient for euthanasia of
pigs up to 125 kg Systems used for electrocution must
be capable of meeting minimum current requirements to
ensure insensibility in the head-only method, and insen-
sibility and cardiac brillation in the head-heart method.

Electrocution is effective as a single-step process
with appropriate tong or clamp placement. However,
proper training and special equipment must be used to
ensure adequate and safe euthanasia. While electrocu-
tion is commonly used to render animals insensible in
slaughter plants and safety precautions in that environ-
ment are routine, for implementation on-farm where use
of the method is less common, extra precautions may
need to be taken to ensure human safety. Agonal gasping
may be evident after current is withdrawn and may be
aesthetically unacceptable for observers and operators.

S3.3.1.3 Adjunctive Methods

Exsanguination—While not appropriate as a sole
method of euthanasia, exsanguination may be performed
as a secondary step to ensure death when necessary.

Pithing—While not appropriate as a sole method of
euthanasia, pithing may be performed as a secondary
step to ensure death when necessary.

More information about these methods is available
in the Physical Methods section of the Guidelines.

S3.3.2 Nursery Pigs (70 Ib or Lighter)

Nursery pigs may be euthanized by use of CO,
CO,, gunshot, penetrating captive bolt, purpose-built
nonpenetrating captive bolt, electrocution, or anes-
thetic overdose. Descriptions of the use of C@nd
nonpenetrating captive bolt for euthanasia of young
pigs follow. For details on other methods please see the
preceding information in this section or the Physical
Methods section of the Guidelines.

S3.3.2.1 Acceptable Methods
S3.3.2.1.1 Noninhaled Agents

Bartiburates and barbituric acid derivatives—Nurs-
ery pigs may be euthanized by IV administration of
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that may be induced with this method. Some interpret
these movements as indications of aversion. While this
may be the case in systems that are not functioning prop-
erly, there is evidence that such reactions may be normal
for pigs in an unconscious stat&*555¢ Small or inca-
pacitated piglets have low tidal volumes and will not die
as rapidly as larger, more viable pigs. Carbon dioxide
euthanasia in chamber settings has not been extensively
studied for larger pigs. Meyer and Morro¥f recommend
that chamber volume be exchanged at least 2.5 times to
accommodate the wash-in—~washout principle regard-
less of the size of swine to be euthanized. Monitoring of
equipment and gas must be routine and consistent to en-
sure there is always suf cient gas to accomplish the ob-
jective of euthanasia. Carbon dioxide containers should
never be placed in an unventilated area due to risks as-
sociated with an overdose of gaseous (o humans.

S3.3.2.2.2 Physical Methods

Nonpenetrating captive bolt—A purpose-built non-
penetrating captive bolt may be used for euthanasia of
young pigs. The concussive impact of the bolt induces
an immediate loss of consciousness that when followed
by an adjunctive method to ensure death meets the cri-
teria for euthanasia. The nonpenetrating captive bolt
works best in younger pigs before the frontal bones are
fully developed and hardened.

Use of a proper functioning nonpenetrating captive
bolt with appropriate charges offers the advantage of
delivering a uniform concussive force to the skull (con-
trolled blunt force trauma). This reduces the potential
for ineffective stunning and euthanasia that may occur
more often with the use of manually applied blunt force
trauma. However, this method requires immediate ap-
plication of an adjunctive method to ensure euthanasia.

Electrocution—Electrocution is acceptable with
conditions for swine weighing more than 10 Ib. Details
are provided earlier in this section and in the Physical
Methods section of the Guidelines.

S3.3.3 Suckling Pigs

Options for the euthanasia of suckling pigs include
CO,; Ar, N, and CQ, mixtures; CO; inhaled anesthet-
ics; purpose-built nonpenetrating captive bolt; electro-
cution (for pigs over 10 Ib); anesthetic overdose; and
blunt force trauma. Described are the application of
barbituates, nonpenetrating captive bolt, manually ap-
plied blunt force trauma, and CQ See previous sec-
tions of the Guidelines for more detailed information
on the application of other euthanasia techniques.

S3.3.3.1 Acceptable Methods
S3.3.3.1.1 Injectable Agents

Bartiburates and barbituric acid derivatives—Suck-
ling pigs may be euthanized by IV administration of
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tively search for alternatives to ensure that criteria for sponses, times to collapse, unconsciousness, death,

euthanasia can be consistently met. loss of somatosensory evoked potentials, loss of visu-
ally evoked responses, and changes in EEG and ECG
S3.4 POULTRY (see Inhaled Agents section of the Guidelines). Carbon

Euthanasia methods for poultry (domesticated dioxide has successfully been applied for euthanasia
birds used for egg, meat, or feather production [eg, of nonhatched eggs (pips), newly hatched poultry in
chickens, turkeys, quail, pheasants, ducks, geese]) in- hatcheries, and adult birds (including routine eutha-
clude gas inhalation, manually applied blunt force trau- nasia of large commercial laying hen ock&523 and
ma, cervical dislocation, decapitation, electrocution, on farms keeping birds for research or elite genetics.
gunshot, captive bolt, and injectable agents. Where ap- Because neonatal birds may be more accustomed to
propriate, additional comments are included to address high concentrations of CQ (incubation environments
physiologic differences among avian species, variationstypically include more CQ), concentrations necessary

in environment, and the size or age of birds. to achieve rapid euthanasia of pipped eggs or newly
hatched chicks may be substantially greater (as high as
S3.4.1 Acceptable Methods 80% to 90%) than for adults of the same species.
Carbon dioxide may invoke involuntary (uncon-
S3.4.1.1 Noninhaled Agents scious) motor activity in birds, such as apping of the

Overdoses of injectable anesthetics, including barbiings or other terminal movements, which can damage
turates and barbituric acid derivatives—Poultry may betissues and be disconcerting for observét%2© Slower
euthanized by IV injection of overdoses of anesthetics, induction of euthanasia in hypercapnic atmospheres
including barbiturate and barbituric acid derivatives. reduces the severity of convulsions after loss of con-
Because these drugs are controlled substances thegciousnes$®2% Death normally occurs within min-
must be administered by personnel who are registered utes, depending on the species and the concentration
with the US DEA, and extralabel use requires adminis- of CO, present in the closed chamber.
tration by or under the supervision of a veterinarian.

Strict record keeping is required of all who use and Carbon monoxide—Carbon monoxide may also be
store these drugs. used for euthanasia of poultry. More convulsions may

Many nd administration of an anesthetic less dis- be observed in the presence of CO than normally oc-
pleasing than administration of CQ) CO, captive bolt, cur when CQ, is used for euthanasi&’ The CO ow
manually applied blunt force trauma, cervical disloca- rate should be suf cient to rapidly achieve a uniform
tion, decapitation, or electrocution. Therefore, it may be concentration of at least 6% after birds are placed in
preferred in some settings. A disadvantage of this methodthe chamber (see Inhaled Agents section). Only pure,
is that tissues from animals euthanized with barbiturates commercially available CO should be used. The direct
may not be used for food and may not be suitable for application of products of combustion or sublimation
diagnostic evaluation. Furthermore, options for disposal is not acceptable due to unreliable or undesirable com-
of animals euthanized with barbiturates are complicated position and or displacement rate. Appropriate precau-
by concerns for residues that create risks for scavengerstions must be taken to ensure human safety because CO
other domesticated animals that may consume portions has a cumulative effect in binding hemoglobin.
of the animal’s remains, and humans.

Nitrogen or argon—Nitrogen or Ar, mixed or used
S3.4.2 Acceptable With Conditions Methods alone, with approximately 30% CQis acceptable with

S3.4.2.1 Inhaled Agents

Inhaled gases may be used satisfactorily for eutha-
nasia of poultry, and detailed information about the
various types of inhaled gases is available in the In-
haled Agents section of the Guidelines. When inhaled
gases are used for euthanasia, birds should be checked
to verify death because they may appear dead but can
regain consciousness if the exposure time or the con-
centration of the agent is insuf cient. Gases must be
supplied in puried forms without contaminants or
adulterants, typically from a commercially supplied cyl-
inder or tank. The gas-dispensing system should have
suf cient capacity and control to maintain the neces-
sary gas concentrations in the container being utilized,
and the container itself should be suf ciently airtight to
hold the gas at appropriate levels.

Carbon dioxide—The most common gas used for
euthanasia of poultry is CQ) and its application has
been extensively studied for chickens, turkeys, and
ducks with information available about behavioral re-
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availability. For these reasons, chloral hydrate is an un-
acceptable means of euthanizing equids.

S4.3 SPECIAL CASES AND EXCEPTIONS

In emergency situations, such as euthanasia of an
equid with a serious injury at a racetrack or another
equestrian event, it may be dif cult to restrain a dan-
gerous equid for IV injection. While administration of
a sedative might be desirable, in some situations it is
possible the equid could injure itself or bystanders be-
fore a sedative could take effect. In such cases, a neu-
romuscular blocking agent (eg, succinylcholine) may
be administered to the equid IM or IV, but the equid
must be euthanized via an appropriate method as soon
as the equid can be controlled. Succinylcholine alone
or without suf cient anesthetic is not acceptable for
euthanasia.

S5. AVIANS

Methods acceptable with conditions are equivalent
to acceptable methods when all criteria for application
of a method are met.

S5.1 GENERAL CONSIDERATIONS

The following comments and recommendations
pertain to pet, aviary, falconry, racing, research, and zoo
birds. Information about appropriate euthanasia meth-
ods for wild birds can be found in the Captive and Free-
Ranging Nondomestic Animals section of the Guide-
lines, whereas euthanasia of poultry and other birds
used for food is addressed in the Animals Farmed for
Food and Fiber section.

Few peer-reviewed reports are available in the sci-
enti c literature about euthanasia of individual or small
groups of birds. The information that does exist com-
prises anecdotal accounts in book chapters, guidelines
from various associations, and journal roundtable dis-
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fear or distress. Wild, fearful, or excited birds may re-
quire a sedative or anesthesia before IV injection can be
performed. When IV injection is impossible, injectable
euthanasia agents can be administered via intracoelo-
mic, intracardiac, or intraosseous routes only if a bird
is unconscious or anesthetized. If the intracoelomic
route is used for birds, injection into the air sacs must
be avoided, because of the potential for respiratory
compromise, irritation of the respiratory system, and
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there is little scienti c information available regarding sia, potassium chloride may be administered via the IV
the effect of various physical methods on electrical ac- or intracardiac routes if a bird is unconscious or com-
tivity in the brain of birds, which makes evaluation of pletely anesthetized prior to the injection.

the humaneness of these procedures dif cult.

Cervical dislocation—Cervical dislocation has gen- Exsanguination—Although exsanguination of a
erally been used for small birds (< 200 g) when no conscious, unanesthetized bird is an unacceptable ap-
other method is available, but the procedure has been proach to euthanasia, exsanguination may be used for
performed on birds as large as 2.3 kg (5.1 Ib). It should euthanasia of unconscious or anesthetized birds. This
only be performed by well-trained personnel who are approach may be appropriate if blood samples are need-
regularly monitored to ensure pro ciency. Skilled in- ed for diagnostic or research purposes.
dividuals have been able to humanely perform cervical
dislocation in poultry. There is limited research spe- Thoracic compression—Although thoracic com-
ci ¢ to birds concerning electrical activity in the brain  pression of a conscious, unanesthetized bird is an unac-
following cervical dislocation. Cervical dislocation of ceptable approach to euthanasia, it may be used as an
chickens (average weight of 2.3 kg) did not result in adjunctive method for animals that are insentient.
loss of visually evoked responses in 90% of cases when
compared with use of a percussion bolt pistol, suggest- S5.2.4 Unacceptable Methods
ing that fewer than 10% of cervical dislocations re- Thoracic (cardiopulmonary, cardiac) compression
sulted in concussior?>* In 3-week-old turkeys (average is a method that has been used by biologists to terminate
weight of 1.6 kg [3.5 Ib]) time to insensibility (based the lives of wild, small mammals and birds mainly un-
on nictitating membrane movement) was longer, but der eld conditions when other methods are not avail-
time to death (based on cessation of movement) wasable. Although thoracic compression has been used ex-
shorter after cervical dislocation compared with use of tensively in the eld, data supporting this method, in-

a nonpenetrating captive bolt and blunt force trauntq.  cluding level of distress and times to unconsciousness

Whether pain is perceived is not known. Consciousness or death, are not available. Based on current knowledge

and perception of pain are not necessarily concurrent. of avian physiology and euthanasia, thoracic compres-
sion can result in signi cant levels of pain and distress

Decapitation—Based on information currently before animals become unconscious, thus lacking key
available, decapitation is considered to be acceptablehumane considerations that can be addressed by other
with conditions for euthanasia of small (< 200 g) birds. methods. Various veterinary and allied groups do not
The AAZV Guidelines for Euthanasia of Nondomestic support thoracic compression as a method of euthana-
Animals’® also lists decapitation as acceptable with sia’**°Consequently, thoracic compression is gener
conditions, and suggests the method may be preferredally an unacceptable means of euthanizing animals that
over cervical dislocation under certain eld conditions are not deeply anesthetized or insentient due to other
due to clear evidence of a successful procedure. Onereasons, but is appropriate as a secondary method for
study® indicated that several methods of partial, me- animals that are insentient. Details are available in the
chanical decapitation of chickens (weighing 2.1 to 3.5 Physical Methods section of the Guidelines.
kg [4.6 to 7.7 Ib]) did not result in the loss of visually
evoked responses in 90% of cases when compared withS5.3 EGGS, EMBRYOS, AND NEONATES
use of a percussion bolt pistol and concluded that fewer Bird embryos that have attained > 50% incubation
than 10% of cervical dislocations resulted in concus- have developed a neural tube suf cient for pain per
sion. In another study decapitation applied to anesthe- -
tized chickens resulted in visually evoked responses
up to 30 seconds following decapitation, but because
the responses were obtained from anesthetized chick-
ens it is not possible to conclude any association with
cognitive processe¥>* As indicated previously (see
discussion of Consciousness and Unconsciousness in
the Guidelines), at some level between behavioral un-
responsiveness and the induction of a at EEG, con-
sciousness must vanish; however, EEG data cannot pro-
vide de nitive answers as to onset of unconsciousness.

Gunshot—Gunshot is not recommended as a meth-
od for captive birds, where restraint is feasible. Its use
for wild birds is addressed in the Captive and Free-
Ranging Nondomestic Animals section of the Guide-
lines.

S5.2.3 Adjunctive Methods

Potassium chloride—Although administration of
potassium chloride to a conscious, unanesthetized bird
is considered to be an unacceptable method of euthana-
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Water quality should be similar to that of the en-
vironment from which the n sh originated, or opti-
mized for that species and situation, for the duration
of euthanasia. If of acceptable quality for n sh health,
water in which they have been house or captured

S6.1.6 Finfish and Aquatic Invertebrates
Intended for Human Consumption

As previously indicated, the term slaughter is used
primarily to refer to the killing of animals intended for
human consumption (eg, agricultural harvest, com-

should be used, and supplemental aeration and temper mercial sheries) and these Guidelines are not intended
ature control may be necessary. Either the immersion to address that activity. However, when euthanasia of

euthanasia solution is prepared with water from the
n sh housing system and the nsh are transferred
into it or a concentrated form of the anesthetic agent
as a solution (containing buffering agent if appropri-
ate) is introduced directly into the container of n sh
to minimize stressors. If euthanizing a large population
of nsh, itis important to monitor the anesthetic bath
water quality (temperature, dissolved Qand organic

animals intended for human consumption is desired,
tissue residues from the use of drugs and other chemi-
cals will make many methods unacceptable unless they
have been approved by the FDA for this purpose and
appropriate withdrawal periods are followed. Use of
any unapproved chemicals for euthanasia prohibits en-
try of the n sh into the food chain, either by render
ing, as sh meal, or as directly consumed produtf.

loading, in particular). The euthanasia agent may need With that said, currently there are no drugs approved
to be supplemented or replaced periodically. Euthana- for euthanasia of nsh or aquatic invertebrates. Car
sia methods should be tested in one animal or a small bon dioxide is a drug of low regulatory priorit§}’ that

group of animals prior to use in a large population for
an unfamiliar specie$? If handling is required, appro-
priate equipment (nets, gloves) should be used to mini-
mize stressors.

S6.1.4 Indicators of Death in Finfish
and Aquatic Invertebrates

Because the thousands of species of nsh and
aquatic invertebrates vary greatly in anatomic and
physiologic characteristics, reliable indicators of death

avoids unacceptable residues, but it is not an FDA-
approved method for killing aquatic animals used for
food. Physical methods that are acceptable with condi-
tions include manually applied blunt force trauma to

the head, decapitation, and pithing.

S6.2 FINFISH

Common methods used to euthanize nsh in-
clude noninhaled methods (ie, immersion and injec-
tion) and physical methods. Because of general differ

may not be available for some. However, there are someences in anatomy and application seen between n sh
standard approaches that can be useful for many of theand terrestrial animals (especially with regard to prima-

more commonly encountered species. Loss of move-

ment, loss of reactivity to any stimulus, and initial ac-
cidity (prior to rigor mortis) may serve as indicators of
death for nsh and some aquatic invertebrates. More
useful indicators for many n sh include respiratory
arrest (cessation of rhythmic opercular activity) for a
minimum of 10 minutes and loss of eyeroll (vestibulo-
ocular re ex, the movement of the eye when the n sh
is rocked from side to side). The latter is no longer pres-
ent in n sh that have been deeply anesthetized or eu-
thanized®’ The heart can continue to contract even af-
ter brain death or removal from the bodies of n sk

ry respiratory organs, and aqueous Vs air environment),
techniques involving addition of drugs to the nsh’s
environment (ie, the water), for purposes of this docu-
ment, are considered noninhaled methods.
Descriptions of methods used to euthanize nsh
follow and include 1-step and 2-step procedures. Each
method is further classied as acceptable, acceptable
with conditions, or unacceptable considering charac-
teristics of the methods and the environments in which
euthanasia is conducted, including veterinary private
practice (eg, companion and ornamental [display] n-
sh), ornamental (aquarium) n sh wholesale and retail

so the presence of a heartbeat is not a reliable indicator
of life, but sustained absence of heartbeat is a strong
indicator of death. For more sessile, less active organ-
isms, or those with speci ¢ anatomic or physiologic ad-

aptations that prevent use of these indicators, it may be
more dif cult to assess loss of consciousness and death,
and consultation with species experts is recommended.

S6.1.5 Disposition of Euthanized Animals

Any euthanized nsh or invertebrate should be
promptly removed from its aquarium, pond, or other
vessel and disposed of according to all pertinent fed-
eral, state, and local regulations, in a manner that will
reduce the risk of disease spread, prevent pests and
other nontarget species from gaining access to animal
remains, and ensure human and environmental safety.
Preventing environmental contamination by any life
stage of n sh that could hatch and/or survive outside
an acceptable, enclosed body of water is an important
consideration in con rmation of death and disposal of
the animal’s remains.
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(2) Carbon dioxide. Immersion in CQ-saturated
water causes narcosis and loss of consciousness after
several minute$33?> Some species may exhibit hyper
activity prior to loss of consciousnes$? Purity and
concentration of CQ are important for effectiveness.
Only CO, from a source that allows for careful regula-
tion of concentration, such as from cylinders, is accept-
able. Care must be taken when using CO prevent ex-
posure to personnel (ie, euthanasia must be conducted
in well-ventilated areas).

(3) Ethanol. Ethanol has been suggested as an ac-
ceptable alternative method for n sh3%® The depres-
sive effects of ethanol on the CNS are well describ&d,
and exposure of zebra sh via immersion has become
a model for behavioral and molecular responses to
alcohol, at concentrations from 10 to 30 mL of 95%
ethanol/L5%3-56% At this dose, alcohol induces anesthe-
sia, and prolonged immersion produces death via respi-
ratory depression causing anoxia. This is not equivalent
to immersing n sh directly into preservative concen-
trations of ethanol (70%), which is not acceptable as a
euthanasia method.

(4) Eugenol, isoeugenol, and clove oil. Whenever
possible, products with standardized, known concen-
trations of essential oils should be used so that accurate
dosing is possible. Concentrations required for anes-
thesia will vary depending on species and other factors,
but may be as low as 17 mg/L for some species. Greater
concentrations will be required for euthanaspé&->68
Finish should be left in the anesthetic solution for a
minimum of 10 minutes after cessation of opercular
movement. These compounds are equivocal or known
carcinogens according to the National Toxicology Pro-
gram3!® Some studies in rodents indicate this group
of anesthetics may cause paralysis in addition to hav-
ing anesthetic effects, and analgesic properties are un-
known.®?-324Because some clove oil products may con-
tain or include either methyleugenol or isoeugenol, or
both, FDA has expressed concern that the use of clove
oil or its components in n sh may adversely affect hu-
man food safety and animal food safety. In addition, be-
cause clove oil and its components have not been eval-
uated for target animal safety, FDA is also concerned
that the use of any of these compounds may adversely
affect nish, including endangered aquatic species.
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blow of suf cient energy to the cranium with an appro-
priate-sized club) can cause immediate unconscious-
ness and potentially death, but should be followed by
pithing to ensure death. The n sh’s size, species, and
anatomy and characteristics of the blow (including its
accuracy, speed, and club mass) will determine the ef-
cacy of manually applied blunt force trauma. This pro-
cedure requires training and monitoring for pro ciency.
Anatomic features, such as the location of the eyes, can
help serve as a guide to the location of the braih™*

(4) Captive bolt (most commonly nonpenetrating;

1 step). This is a method usually applied to large n sh
specieg’®

(5) Maceration (1 step). When applied correctly,
using a well-maintained macerator specically de-
signed for the size of nsh being euthanized, death
is nearly instantaneou&? The process is aesthetically
unpleasant for some operators and observers.

(6) Rapid chilling (hypothermic shock; 1 step or 2
step). It is acceptable for zebra sh (D rerio) to be eutha-
nized by rapid chilling (2° to 4°C) until loss of orienta-
tion and operculum movementd%461.462and subsequent
holding times in ice-chilled water, specic to n sh
size and age. Zebra sh adults (approx 3.8 cm long) can
be rapidly killed (10 to 20 seconds) by immersion in 2°
to 4°C (36° to 39°F) water. Adult zebra sh should be
exposed for a minimum of 10 minutes and fry 4 to 7
dpf for at least 20 minutes following loss of operculum
movement. Use of rapid chilling and use of buffered MS
222 alone have been shown to be unreliable euthana-
sia methods for zebra sh embryos < 3 dpf. To ensure
embryonic lethality these methods should be followed
with an adjunctive method such as use of diluate sodi-
um or calcium hypochlorite solution at 500 mg/E27462
If necessary to ensure death of other life stages, rapid
chilling may be followed by either an approved adjunc-
tive euthanasia method or a humane killing method.
Until further research is conducted, rapid chilling is ac-
ceptable with conditions for other small-bodied, simi-
larly sized tropical and subtropical stenothermic spe-
cies. Species-speci ¢ thermal tolerance and body size
will determine the appropriateness and effectiveness
of rapid chilling for euthanasia of n sh. Fin sh size
is important because the rate of heat loss via thermal
conduction from a body is proportional to its surface
area. Based on these 2 factors, it has been suggested that
rapid chilling in water associated with an ice slurry is a
suitable killing method for small tropical and subtropi-
cal nsh species 3.8 cm in length (tip of the snout to
the posterior end of the last vertebra) or smaller, having
lower lethal temperatures above 4°C.

To ensure optimal hypothermal shock (ie, rapid
killing), transfer of n sh into ice water must be com-
pleted as quickly as possible. This means rapid tran-
sitions from acclimatization temperature to 2° to 4°C
must be achieved. This can be accomplished by using
minimal water volume to transfer nsh (ie, using a
net to place nsh in chilled water). In addition, n-
sh should not be in direct contact with the ice in the
water; rather a depression should be formed in the ice
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posure®® As an example, immersion in a buffered MS posure®® As an example, immersion in a buffered MS
222 solution having a concentration > 1 g/L is not a 222 solution having a concentration 3 g/L is not a
reliable method for killing some n sh in younger life  reliable method for killing some n sh in early life
stageg/$1462560For some species and in some situations, stages'®14625¢0 For some species and in some situa-
adjunctive methods to guarantee death may need to betions, adjunctive methods to guarantee death may
applied for these animals after anesthesia with buffered need to be applied for these animals after anesthesia

MS 222. Rapid chilling followed by an adjunctive meth-
od such as immersion in a dilute sodium hypochlorite
or calcium hypochlorite solution is acceptable for ze-

with buffered MS 222,
Rapid chilling followed by immersion in a dilute
sodium hypochlorite or calcium hypochlorite solu-

bra sh embryos and larvae as a 2-step method and istion is acceptable for zebra sh embryos and larvae as a
also acceptable with conditions as a 2-step method for 2-step method and is also acceptable with conditions as

destruction of other (nonzebra sh) species’ embryos
and larvae??7462

S6.2.6 Finfish in Particular Environments
S6.2.6.1 Veterinary Private Practice—

Companion and Ornamental (Display) Finfish
Clients with pet or display nsh of any species

a 2-step method for destruction of other (nonzebra sh)
species’embryos and larvag: 62

S6.2.6.2 Aquarium Finfish
Wholesale and Retail Facilities

Freshwater and marine aquarium n sh are com-
mercially collected from the wild, and are also bred in
captivity. Tropical aquarium n sh are sold at retail pet

often value them as companion animals and share ashops and n sh stores from systems housing one or

human-animal bond similar to that seen between cli-

more species of nsh per tank. Individual nsh or

ents and other pets, such as dogs and cats. Thereforepopulations of n sh may become injured or diseased

it is important to consider the perception of the client

and require euthanasia. Methods of euthanasia used in

when euthanasia methods are chosen. Clients shouldthis environment need to be applicable to individual

be offered the opportunity to be present during eutha-

nsh, to all nsh in an aquarium, to n sh held in

nasia whenever feasible; however, clients also should bemultiple aquariums on a central Itration system, or for
educated as to what method will be used and what they n sh kept in ponds. In certain situations euthanasia
may observe during euthanasia. For example, clients may not be feasible and depopulation methods may be
may believe the excitement phase of anesthesia, whichrequired.

can result in increased motor activity or the appearance

of agitation° is unduly painful or stressful for the n-
sh even when it is not.

The following methods are acceptable for use in
this environment:

(1) Immersion in solutions of buffered tricaine
methanesulfonate (MS 222),
iso urane and sevo urane, quinaldine sulfate, and
2-phenoxyethanol.

(2) Injections of pentobarbital, ketamine followed
by pentobarbital, a combination of ketamine and me-
detomidine followed by pentobarbital, and propofol
followed by pentobarbital. Owners should be advised
about the possibility of ketamine-induced muscle
spasms during induction when using that agent.

The following methods are acceptable with condi-
tions for use in this environment:

(1) Immersion in eugenol, isoeugenol, or clove
oil. Fin sh should be left in the solution for a mini-

mum of 10 minutes after cessation of opercular move-

ment.63’325'559

The following methods are not recommended for
use in this environment:

(1) Immersion in CO,-saturated water is not rec-
ommended because some n sh exposed to this meth-

buffered benzocaine,

The following methods are acceptable for use in
this environment:

Immersion in solutions of buffered tricaine meth-
anesulfonate (MS 222), buffered benzocaine, and quin-
aldine sulfate. Fin sh should be left in the anesthetic
solution for a minimum of 10 minutes after cessation
of opercular movemengs-325:559

The following methods are acceptable with condi-
tions for use in this environment:

(1) Immersion in CO,-saturated water; eugenol,
isoeugenol, or clove oil; and ethanol.

(2) Decapitation, cervical transection, or manually
applied blunt force trauma as step 1 of a 2-step method,
followed by pithing.

(3) Freezing may be used as an adjunctive method
following anesthesia.

(4) Rapid chilling (hypothermic shock) for small-
bodied (3.8-cm-long or smaller) tropical and subtropi-
cal stenothermic n sh, for which the lower lethal tem-
perature range is above 45461462

The following methods are not recommended for
use in this environment:

Use of injectable anesthetic drugs including bar
biturates, requires the oversight of a veterinarian and
DEA permitting for controlled substances. Therefore,

od may become hyperactive, which can be disconcert- unless a veterinarian is available on-site to oversee use

ing for staff and owners.
(2) Manually applied blunt force trauma to the
head, decapitation, and pithing are not recommended

of these drugs, this method is not recommended in this
environment.
Early stages in the lives of n sh, including embryos

because their application can be distressing for ownersand larvae, may require higher concentrations of immer

and staff.
Early stages in the lives of n sh, including em-

sion anesthetics or a longer duration of exposufé As
an example, immersion in a buffered MS 222 solution

bryos and larvae, may require higher concentrations having a concentration > g/L is not a reliable method

of immersion anesthetics or a longer duration of ex-

for killing some nsh in early life stages?'462560 For
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some species and in some situations, adjunctive meth-
ods to guarantee death may need to be applied for these
animals after anesthesia with buffered MS 222.

Rapid chilling followed by immersion in a dilute
sodium hypochlorite or calcium hypochlorite solu-
tion is acceptable for zebra sh embryos and larvae as a
2-step method and is also acceptable with conditions as
a 2-step method for destruction of other (nonzebra sh)
species’embryos and larvég: 62

S6.2.6.3 Research Facilities

Researchers working in laboratories should have
materials readily available to provide appropriate eu-
thanasia for their research subjects when required, and
should be trained and monitored for pro ciency in the
use of chosen techniques. Many facilities using n sh

as research subjects are engaged in biomedical research.

Zebra sh are the most common species used for re-
search and are usually kept in small-scale tank systems;
however, some research facilities may also have large-
scale housing and production systems and/or keep
other larger species of n sh, and consequently, need
to consider additional options for euthanasi The
expertise of those knowledgeable about these settings
and species should be sought as necessary.

The following methods are acceptable for use in
this environment:

(1) Immersion in solutions of buffered tricaine
methanesulfonate (MS 222), buffered benzocaine,
quinaldine sulfate, and 2-phenoxyethanol. Fin sh eu-
thanized with these methods must not enter the food
supply.

(2) Rapid chilling (hypothermic shock) is accept-
able for zebra sh (D rerio) and Australian river gizzard
shad (N erebi) as long as transfer from acclimatized
temperatures to water associated with a 2° to 4°C ice
slurry occurs rapidly with as little transfer of warmer
water as possible.

The following methods are acceptable with condi-
tions for use in this environment:

(1) Immersion in CO,-saturated water (as long as
observers are advised and can accept that some nsh
exposed to this method may exhibit hyperactivity and
appears to be in distress), eugenol, isoeugenol, or clove
oil.

(2) Rapid chilling (hypothermic shock) to 2° to 4°C
is acceptable with conditions for small-bodied (3.8-cm-
long or smaller) tropical and subtropical stenothermic
n sh, for which the lower lethal temperature range
is above 4°C. Because of surface-to-volume consider

ations, use of this method JTJp0.069dars to be ilw 1lpand
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head followed by pithing. nasia of crustaceans (0.125 mL/E®*"Isoeugenol is a
(3) Decapitation followed by pithing. Decapitation potential carcinogef® so human safety in the applica-
alone is not considered a humane form of euthanasia, tion of that agent is of concern.

especially for species that may be particularly tolerant
of low O, concentrations. Pithing helps ensure rapid
death for those species.

(4) Cervical transection followed by pithing. The
rationale for this approach is similar to that for decapi-
tation and pithing, except that the head is still physi-
cally attached by musculature to the body.

(5) Captive bolt. This method is usually applied to
large n sh species.

(6) Rapid chilling (hypothermic shock) in water
of 2° to 4°C for small-bodied (3.8-cm-long or smaller)
tropical and subtropical stenothermic species (as pre-
viously described for zebra sh). Because of surface-to-
volume considerations, use of this method is not appro-
priate in medium to large-bodied n sh until pertinent
data for those species becomes available.

Early stages in the lives of n sh, including em-
bryos and larvae, may require higher concentrations
of immersion anesthetics or a longer duration of ex-
posure®® As an example, immersion in a buffered MS
222 solution having a concentration > 1 g/L is not a
reliable method for killing some nsh in early life
stagegt1462560Fgr some species and in some situations,
adjunctive methods to guarantee death may need to be
applied for these animals after anesthesia with buffered
MS 222. Rapid chilling followed by immersion in a di-
lute sodium hypochlorite or calcium hypochlorite solu-
tion is acceptable for zebra sh embryos and larvae as a
2-step method and is also acceptable with conditions as
a 2-step method for destruction of other (nonzebra sh)
species’ embryos and larv&g:62

S6.3 AQUATIC INVERTEBRATES

Overdose of a general anesthetic is as appropriate a
euthanasia strategy for aquatic invertebrates as it is for
n sh. And, immersion is an effective route of adminis-
tration of anesthetic and euthanasia agefts3°

Because con rming the death of many invertebrates
is dif cult, 2-step euthanasia procedures are often rec-
ommended in which chemical induction of anesthesia,
nonresponsiveness, or presumptive death is followed
by an adjunctive method that destroys the brain or ma-
jor ganglia physically (eg, pithing, freezing, boiling) or
chemically (eg, alcohol, formalin). Application of the
latter methods by themselves is generally not consid-
ered to meet the criteria established for euthanast=°

S6.3.1 Acceptable First Steps of 2-Step Methods

S6.3.1.1 Noninhaled Agents for Immersion

Magnesium salts—Magnesium salts are a near-uni-
versal anesthetic agent, relaxing agent, and euthanasia
agent for aquatic invertebrates, although they are inef-
fective for crustaceans. A range of concentrations has
been recommended for various phyla. Research sug-
gests the magnesium ion acts centrally in suppressing
neural activity of cephalopod$*

Ethanol—Ethanol has been used for euthanasia

Clove oil or eugenol—Clove oil or eugenol has been
used effectively as an immersion agent for the eutha-
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potential for pain or distress. Most commonly used
methods involve terminal anesthesia, followed by phys-
ical destruction of the nervous system, to assure lack
of sensory perception and death of the animal. The di-
versity of invertebrate taxa may require equally diverse
approaches to euthanasia.

S7.2.1 Acceptable Methods

S7.2.1.1 Noninhaled Agents

Injectable agents—While there is little dosing or out-
come data in the peer-reviewed literature, an overdose
of pentobarbital or similar agent, at a dose equivalent
to that used for other poikilotherm vertebrates (piscine,
amphibian, or reptilian) on a weight-to-weight basis will
generally suf ce. Ideally these agents will be injected di-
rectly into the circulating hemolymph. However, because
many invertebrates have an open circulatory system, true
intravascular application can be dif cult if not impos-
sible. In such cases an intracoelomic injection would be
warranted unless otherwise contraindicated. Premedica-
tion with an injectable or inhaled agent may facilitate ad-
ministration of barbiturate overdoses.

S7.2.2 Acceptable With Conditions Methods

S7.2.2.1 Inhaled Agents

Inhaled anesthetics—Overdose of an inhaled anes-
thetic is acceptable with conditions for terrestrial in-
vertebrates where injectable agents are not available.
Because con rming death of many species of inverte-
brates can be dif cult, subsequent use of an adjunctive
method of euthanasia is recommended.

Carbon dioxide—Carbon dioxide may be useful for
euthanasia of some terrestrial invertebrates, but addi-
tional information is needed to con rm its ef cacy.

S7.2.2.2 Physical and Chemical Methods
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tion of euthanasia agents can be challenging for some
species. Intracoelomic, subcutaneous lymph spaces,
and lymph sacs are acceptable routes of administration.
Direct injection into the brain through the parietal eye,
while under anesthesia, has been described for some
lizard species?

Sodium pentobarbital (60 to 100 mg/kg of body
weight) can be administered IV, intracoelomically, in
the subcutaneous lymph spaces, or in the lymph sacs,
although doses vary by specié8. Doses as high as
1,100 mg/kg (500 mg/Ib) of sodium pentobarbital with
sodium phenytoin administered intracoelomically may
be required for euthanasia of some species suchXas
laevis®!2 Time to effect may vary, with death occurring
instantaneously or up to 30 minutes latéf.52:589-591,54
Barbiturates are best administered intravascularly to
minimize the discomfort upon injectior?® However,
where intravascular administration is not possible or
its bene ts are outweighed by distress imposed by ad-
ditional restraint, pain from alternate methods, risk to
personnel, or other similar reasons, intracoelomic ad-
ministration is an acceptable route for administration
of barbiturates.

Dissociative agents such as ketamine hydrochlo-
ride or combinations such as tiletamine and zolazepam;
inhaled agents; and IV administered anesthetics, such
as propofol, or other ultra—short-acting barbiturates,
may be used for poikilotherms to induce rapid general
anesthesia and subsequent euthanasia, although appli-
cation of an adjunctive method to ensure death is rec-
ommended.

External or topical agents—Buffered tricaine meth-
anesulfonate (MS 222) may be administered via water
baths (amphibians), or injected directly into the lymph
sacs (amphibians) or the coelomic cavity (amphibians
and reptiles)?%¢-5% Prolonged immersion (as long as 1
hour) may be required for 5 to 10 g/L water batli¥:5%
Tricaine methanosulfonate does not create histopatho-
logic artifacts®®® See the Noninhaled Agents section of
the Guidelines for additional information.

Benzocaine hydrochloride, a compound similar to
MS 222, may be used as a bath or in a recirculation
system at concentrations 250 mg/L or applied topi-
cally to the ventrum as a 7.5% or 20% gel for euthanasia
of amphibianst® A dose of 182 mg/kg of benzocaine
gel (20% concentration, 2.0-cm X 1.0-mm application)
has been reported as effective for euthanasia of adult
X laevis®? Pure benzocaine is not water soluble and
should be avoided for anesthesia or euthanasia because
it requires the use of acetone or ethanol solvents, which
may be irritating to tissues?*®

In general, these noninhaled agents are highly ef-
fective, their onset of action is rapid, and they are ap-
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of rearms. Refer to ballistics details in the section on sea otter (a large mustelid) with small pinnipeds: (1)
Physical Methods and experts for more information on pinnipeds, (2) odontocetes, (3) mysticetes, and (4) siri-

selection and use of rearms. nids. Methods addressed under methods of euthanasia
for captive mammals (nonmarine species) are applica-
S7.4.5 Adjunctive Methods ble to polar bears, and will not be addressed in this sec-

Potassium chloride—Potassium chloride can betion. Sizes of the animals vary dramatically among and
administered IV or intracardially to stop the heart of within these groups and each group should minimally
animals that are deeply anesthetized or unconscious.be divided into subgroups by size (large and small).
Potassium chloride does not create artifacts that can Recommendations for euthanasia of marine mammals
interfere with histopathologic examination and, there- in managed care facilities differ from those used for
fore, its application may be appropriate when accurate free-ranging marine mammals, because of differences
postmortem diagnostic or research results are impor in environment and facilities, restraint capabilities, and
tant. Potassium chloride may also be used adjunctively personnel and observers.
for large animals that are rst anesthetized with bar
biturates, particularly where volume of administration S7.5.1 Acceptable Methods
is a limitation. In many cases signi cant agonal re ex
activity can be avoided where barbiturates are admin- S7.5.1.1 Noninhaled Agents
istered prior to administration of potassium chloride. Intravenous administration of barbiturates and

their derivatives can be a rapid and reliable method of

Exsanguination—Exsanguination may be useful aseuthanasia for small pinnipeds, small odontocetes, and
a secondary or tertiary method to ensure death. The sirinids. Intraperitoneal administration is also accept-
aesthetics of this procedure and its acceptance by-per able where intravascular administration is not possible
sonnel must be considered in its application. or is outweighed by distress from the requirement of

additional restraint, pain from alternate methods, risk

Cervical dislocation or decapitation—Applied to to personnel, or other similar reasons, although tissue
small mammals and birds, this method may be useful irritation and variable absorption rates must be con-
as an adjunct or as a rst-step method of euthanasia. sidered. Safe and effective IV administration of these
A paucity of data for wildlife and the potential for in- agents may also be possible in anesthetized, moribund,
terspecies variation creates challenges for establishingor unconscious large pinnipeds and in large odon-
speci ¢ size recommendations. However, based on do- tocetes. For the largest odontocetes, drug dilution in
mestic animals, manual cervical dislocation may be ap- large volumes may limit the effectiveness of euthanasia
propriate for birds < 3 kg (6.6 Ib), rodents < 200 g, and agents administered IV. Intracardiac administration is
rabbits< 1 kg (2.2 Ib)3*° A secondary method such as acceptable only in anesthetized, moribund, or uncon-
decapitation or exsanguination should be employed to scious animals.
ensure death when feasible. The advantage of using barbiturates is that death

is usually rapid. Unfortunately, voluntary peripheral

Thoracic compression—Thoracic compression mayvasoconstriction by cetaceans or hypovolemic shock
be useful in rare circumstances in animals that are deep-may limit access to peripheral veins. There is also a
ly anesthetized or otherwise unconscious, or as a nal, risk of injury for personnel attempting venipuncture if
con rmatory step when the animal’s status is uncertain. animals are not restrained. Furthermore tissue residues

S7.4.6 Unacceptable Methods

Methods that are classi ed as being unacceptable
for use in comparable domestic species are unaccept-
able for use in wild mammals that are not deeply anes-
thetized.

S7.4.7 Embryos, Fetuses, and Neonates

Euthanasia of embryos, fetuses, and neonates
should be conducted using guidelines appropriate for
taxonomically similar domestic mammals.

S7.5 CAPTIVE MARINE MAMMALS

Due to their unique anatomic and physiologic ad-
aptations for aquatic environments, the large size of
some species, and the challenges associated with per
forming euthanasia under typical circumstances, ma-
rine mammals are considered separately from other
mammals. To facilitate making appropriate recommen-
dations regarding euthanasia, marine mammals have
been divided into physiologically and anatomically dis-
tinct groups. These groups follow taxonomic lines to
some extent, though it is appropriate to consider the
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and may be inappropriate. Refer to ballistics details in S7.7.1 Acceptable Methods
the Physical Methods section and experts for more in-

formation on selection and use of rearms. S7.7.1.1 Noninhaled agents
Overdoses of injectable anesthetics can be used
S7.6.3.3 Adjunctive Methods to euthanize marine mammals under eld conditions.

Potassium chloride—Potassium chloride may beAnesthetics that can be used alone or in combination
administered IV or intracardially to stop the heart of include tiletamine-zolazepam, ketamine, xylazine, me-
animals that are deeply anesthetized or unconscious. peridine, fentanyl, midazolam, diazepam, butorphanol,
Administration of potassium chloride can also be pre- acepromazine, barbiturates, and etorphifg:2462 |n-
ferred for large animals when administered with barbi- tramuscular administration of anesthetics may be re-
turates, where volume of administration is a limitation. quired to achieve restraint of conscious animals before

personnel can safely perform euthanasia using inject-

Exsanguination—Bleeding may be used as an adable agents by an intravascular route. A clear under
junctive method to ensure the death of animals that are standing of species anatomy and use of suf ciently long
anesthetized or otherwise unconscious. The aestheticsneedles are required to ensure that muscle, rather than
of this procedure and its acceptance by personnel andfat, is the site of injection.
observers should be considered. Injectable anesthetics may be administered by

multiple routes. Mucocutaneous administration, via

Cervical dislocation or decapitation—Applied to the blowhole, can be an effective method that maxi-
small mammals and birds, this method may be useful as mizes personnel safef§® Intravenous administration
an adjunct or as a rst-step method of euthanasia. A pau- can be rapid and reliable for small pinnipeds, small
city of data for wildlife and the potential for interspecies odontocetes, and sirinids. For larger animals, safe IV
variation create challenges for establishing speci ¢ size administration is generally limited to animals that are
recommendations. However, based on domestic animals,anesthetized or unconscious. In addition, drug dilu-
manual cervical dislocation may be appropriate for birds tion in large blood volumes of large odontocetes and
< 3 kg, rodents <200 g, and rabbits <1 kg>*°® A sec- mysticetes may limit the effectiveness of IV adminis-
ondary method such as decapitation or exsanguination tered agents. Intraperitoneal administration can be ef-
should be employed to ensure death when feasible. fective for small marine mammals if suf ciently long

needles are available to access the peritoneal cavity.

Thoracic compression—Thoracic compression mayHowever, delayed absorption may limit the ef cacy of
be useful in rare circumstances in animals that are drugs administered via this route. Intracardiac admin-
deeply anesthetized or otherwise unconscious, or as aistration is acceptable only in anesthetized, moribund,
nal, con rmatory method to ensure death when the or unconscious animals. This approach requires spe-

animal’s status is uncertain. cial, strong, and long needles to ensure that the heart
can be accessed.
S7.6.3.4 Unacceptable Methods Advantages of injectable anesthetics are that they

Approaches to euthanasia that ignore recent ad- act rapidly and personnel experienced with these meth-
vances in technology, and that do not minimize risks to ods are readily available. Their administration is logis-
animal welfare, personnel safety, and the environment tically simple and aesthetically acceptable, and public
for a particular set of circumstances, are unacceptable. safety is relatively easy to secure. However, voluntary

peripheral vasoconstriction by cetaceans or hypovole-
S7.6.4 Embryos, Fetuses, and Neonates mic shock may limit access to peripheral veins and fat

Methods that are acceptable for euthanasia of do-layers must be bypassed for effective administration.
mestic or captive wildlife species in developmental or Large quantities of drug may be required to effectively
neonatal stages are generally acceptable for euthanasiauthanize large animals, and administration of single

of similar stages of free-ranging wildlife. types of agents, such as adrenergic receptor agonists,
can result in animals passing through aesthetically dis-
S7.7 FREE-RANGING MARINE MAMMALS pleasing and potentially unsafe excitation phases of

Selecting a method of euthanasia for free-ranging anesthesia. There is a risk of injury for personnel at-
marine mammals can be a substantial challenge be-tempting to access veins if animals are not appropri-
cause of large body size, environmental constraints, andately restrained, and personnel may also face self-ad-
concerns for the safety of personnel. It can also be dif- ministration risks (especially for ultrapotent opioids).
cult to determine when stranded marine mammals are Environmental contamination and scavenger exposure
unconscious or dead® Currently available euthanasia are possible due to residues in the animal’s remains.
methods generally have signi cant limitations that fail
to meet aesthetic or other conventional standards for S7.7.2 Acceptable With Conditions Methods
euthanasia of marine mammals under eld conditions,
particularly for large animals. Nevertheless, the options S7.7.2.1 Physical Methods
available must be evaluated to identify the best option Gunshot—Gunshot is acceptable with conditions
under a given set of circumstances. Further research isfor euthanizing small marine mammals when inject-
warranted to identify improved methods of euthanasia.
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sist in identifying appropriate anatomic landmarks and as a sole method of euthanasia because it requires an

caliber of ballistics®+8:626-630 excessively long time to death, is believed to produce
Advantages of gunshot include a rapid death and anxiety associated with extreme hypovolemia, and is

equipment that is generally readily available. Gunshot aesthetically displeasing to bystanders. It can, however,

also poses minimal risk for other animals that may be used as an adjunctive method to ensure the death of

scavenge the animal’s remains. However, its ef cacy isunconscious animal§3

highly dependent on the knowledge, technical exper

tise, and experience of the operator. Associated noisea. Anthony R, University of Alaska Anchorage, Anchorage, Alaska:

can distress other animals (especially in the case of Personal communication, 2011.

mass strandings) and ricochet poses a risk to bystand-P- T

ers. Euthanasia by gunshot may also be aesthetically

displeasing and emotionally distressing for personnel

and bystanders. Compliance with rearm regulations is

also required. Refer to details for ballistics in the Physi-

cal Methods section and experts for more information

on selection and use of rearms.

Manually applied blunt force trauma—In situations
where other options are not available, a concussive
blow to the head may be an effective method of eutha-
nasia for small juvenile marine mammaté The advan-
tages of properly applied manual blunt force trauma are
that it results in rapid death, no special equipment is
required, and there is limited potential for secondary
toxicity for scavengers. However, the ef cacy of manu-
ally applied blunt force trauma is highly dependent on
knowledge and experience of the operator and it is aes-
thetically displeasing for personnel and observers.

Implosive decerebration—Decerebration of large mys-
ticetes and odontocetes can be effectively accomplished
through the detonation of properly placed, shaped, and
dimensioned explosive chargé®:5* Advantages of this
technique include a rapid death, limited potential for
exposure of scavengers to toxic residues, and protection
of personnel from injury by tail ukes. Its ef cacy, how-
ever, is highly dependent on the knowledge, skills, and
experience of the operator; it is aesthetically displeasing;
and personnel and bystanders must be suf ciently dis-
tant from the resulting explosion to avoid injury. If these
conditions can be met, implosive decerebration is an ac-
ceptable method of euthanasia.

S7.7.3 Adjunctive Methods

Potassium chloride or succinylcholine—While unac-
ceptable as sole agents of euthanasia in awake animals,
potassium chloride or succinylcholine may be used to
ensure the death of animals that are anesthetized or un-
conscious. Saturated potassium chloride solutions can
be mixed inexpensively in large volumes and can be
administered IV or intracardially, with a low risk of sec-
ondary toxicity for scavengers when preferred methods
of disposal of the remains (eg, deep burial, rendering)
are not availablé3634

S7.7.4 Unacceptable Methods

Inhaled agents—While acceptable with conditions
from an animal welfare standpoint, practical and hu-
man and environmental safety constraints generally
prevent use of inhaled agents for euthanasia of marine
mammals under eld conditions.

Exsanguination—Exsanguination is inappropriate
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Glossary

Acceptable: A method considered to reliably meet the
requirements of euthanasia. See EUTHANASIA.

Acceptable With Conditions: A method considered
to reliably meet the requirements of euthanasia
when speci ed conditions are met. See EUTHANA-
SIA.

Adjunctive Method: A method of assuring death that

Good Death: see EUTHANASIA.

Harvest: The act or process of killing an animal for
food or other products.

Humane Killing: Killing performed in a manner that
minimizes animal distress, but may not meet the
requirements of euthanasia due to situational con-
straints.

Incineration: To burn completely, to ashes.

Insensible: See UNCONSCIOUS.

may be used after an animal has been made uncon- | jyestock: Domestic animals raised for use, consump-

scious.

Affect: The external expression of emotion.

Altricial: Immobile, blind, naked young animals (in-
cluding but not limited to birds and some rodents)
requiring parental care and feeding.

Anesthesia, General: A method used to produce un-
consciousness. See UNCONCIOUSNESS.

Animal: Any nonhuman animal (Kingdom: Animalia).

Aversion: A desire to avoid or retreat from a stimulus.

Avian: Relating to birds.

Captive Bolt: A device used to kill or stun animals
where a tethered metal rod is discharged into the
brain of the animal.

Chick: A young bird.

tion, or pro t, typically on a farm.

Mass euthanasia: see DEPOPULATION.

Nociception: Neuronal impulses generated by noxious
stimuli, which threaten to, or actually do, destroy
tissue. Nociception can occur without consequen-
tial pain perception.

Pain: A sensation (perception) that results from noci-
ceptive nerve impulses reaching areas of the brain
capable of conscious perception via ascending neu-
ral pathways.

Pithing: Physical destruction of the brain with a wire,
air jet, or rod.

Poikilotherm: An animal with a variable internal tem-
perature. These animals are generally ectothermic.

Cremation: To incinerate a dead body. See INCINERA- pqyt: A young fowl.

TION.
Depopulation: The killing of animals in large num-

Poultry: Domestic fowl raised for meat or eggs, such
as chickens, turkeys, ducks, or geese.

bers in response to an animal health emergency (€9, precocious: Capable of a high degree of independent

catastrophic infectious disease, mass intoxication,
natural disaster) where all due consideration is
given to the terminal experience of the animal, but

the circumstances surrounding the event are under-

stood to be exigent and extenuating. Depopulation

activity (ie, mobility, feeding) from birth.

Secondary Method: A euthanasia method employed
subsequent to a primary method to ensure death of
an unconscious animal before it can recover con-
sciousness. See ADJUNCTIVE METHOD.

may not meet the requirements of euthanasia due to gedation: A state of CNS depression in which the ani-

situational constraints.

Distress: The effect of stimuli that initiate adaptive re-
sponses that are not bene cial to the animal—thus,
the animal’s response to stimuli interferes with its
welfare and comfort.

Ectotherm: An organism that is dependent on envi-
ronmental heat sources for regulating its body tem-
perature.

Eustress: The effect of stimuli that initiate adaptive
responses that are bene cial to the animal.

Euthanasia: A method of killing that minimizes pain,
distress, and anxiety experienced by the animal

prior to loss of consciousness, and causes rapid loss

mal is awake but calm, and with suf cient stimuli
may be aroused.

Slaughter: Killing animals for the purposes of harvest-
ing commodities such as meat or hides.

Stress: The effect of physical, physiologic, or emo-
tional factors (stressors) that induce an alteration in
an animal’'s homeostasis or adaptive state.

Stunning: Rendering an animal unconscious by use of
a physical, gas, or electrical method.

Suffocate: To kill by preventing access to air or oxy-
gen.

Unacceptable: A method that does not meet the re-
quirements of euthanasia. See EUTHANASIA.

of consciousness followed by cardiac or respiratory \jnconsciousness: Unconsciousness, de ned as InUn

arrest and death (see sections 13, 15, 16).

Exsanguination: The action of draining an animal of
blood.

Fear: An unpleasant emotional experience caused by
an awareness of a threat of danger.

Feral: A free-roaming, unowned animal of a domestic
species that has reverted to wild behavior.

Field Conditions: Any situation outside of a con-
trolled or clinical environment.

Fin sh: a term used to describe true (vertebrate) fish
as opposed to other non-fish aquatic animals such as
the invertebrates “starfish” and “cuttlefish”
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Appendix 3

Some agents and methods that are unacceptable as primary methods of euthanasia.

Agent or method

Comments

Air embolism

Burning
Chloral hydrate

Chloroform
Cyanide

Decompression (excluding low-
atmospheric-pressure stunning when
it can be demonstrated that it achieves
euthanasia)

Diethyl ether

Drowning

Exsanguination

Formaldehyde

Household products and solvents

Hypothermia

Magnesium sulfate, potassium chloride,
and neuromuscular blocking agents

Manually applied blunt force trauma to
the head

Nonpenetrating captive bolt

Neuromuscular blocking agents

(nicotine, magnesium sulfate, potassium animal may perceive pain and distress after it is immobilized.

chloride, and all curariform agents)

Rapid freezing

Smothering
Strychnine
Thoracic compression

Air embolism may be accompanied by convulsions, opisthotonos, and vocalization. If use
should be done only in anesthetized animals.

Chemical or thermal burning of an animal is not an acceptable method of euthanasia.
Unacceptable.

Chloroform is a known hepatotoxin and suspected carcinogen and, therefore, is extremely
hazardous to personnel.

Cyanide poses an extreme danger to personnel and the manner of death is aesthetically
objectionable.

Decompression is unacceptable for euthanasia because of numerous disadvantages. (1)
Many chambers are designed to produce decompression at a rate 15—60 times as fast as
recommended optimum for animals, resulting in pain and distress attributable to expandin
gases trapped in body cavities. (2) Immature animals are tolerant of hypoxia, and longer g
of decompression are required before respiration ceases. (3) Accidental recompression, V.
recovery of injured animals, can occur. (4) Bleeding, vomiting, convulsions, urination, and
defecation, which are aesthetically unpleasant, may develop in unconscious animals.

Diethyl ether is irritating, ammable, and explosive. Explosions have occurred when animg
euthanatized with ether, were placed in a non-explosion-proof refrigerator or freezer and v
bagged animals were placed in an incinerator.

Drowning is not a means of euthanasia and is inhumane.

Because of the anxiety associated with extreme hypovolemia, exsanguination as a sole m
of killing should be used only on unconscious animals.

Direct immersion of an animal into formalin, as a means of euthanasia, is inhumane with t
exception of Porifera.

Acetone, cleaning agents, quaternary compounds (including CCl4), laxatives, pesticidé
dimethylketone, quaternary ammonium products, antacids, and other toxicants not speci @
designed for therapeutic or euthanasia use are not acceptable.
Hypothermia is not an appropriate method of euthanasia.

Unacceptable for use as euthanasia agents in conscious vertebrate animals.

Generally unacceptable for most species excluding piglets and small laboratory animals.
Replace, as much as possible, manually applied blunt force trauma to the head with alter
methods.

Unacceptable excluding purpose-built pneumatic nonpenetrating captive bolt guns used o
suckling pigs, neonatal ruminants, and turkeys.

When used alone, these drugs all cause respiratory arrest before loss of consciousness, ¢

Rapid freezing as a sole means of euthanasia is not considered to be humane with the
exception of reptiles and amphibians and < 5-day-old altricial rodents. In all other cases
animals should be rendered dead or unconscious prior to freezing. (Rapid chilling of n sh
not considered to be rapid freezing.)

Smothering of chicks or poults in bags or containers is not acceptable.
Strychnine causes violent convulsions and painful muscle contractions.

Not acceptable for use on a conscious animal.
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