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Dont la conclusion est que l'induction de la pedeonnaissance et la mort par décompression
hypoxique n'est pas douloureuse a condition qualeesoit fait lentement : 4000 pieds (d'altitude
par rapport au niveau de la mer) par minute pent@minutes (soit 1220 metres par minute).
Donc une euthanasie par décompression devrait dureroins 10 minutes

Mais les caissons a vide, en France, font le videantanément (- 5 secondes) et mettent pour tuer
entre 30 secondes et une minute. La mort étanbguae non par I'asphyxie mais par les effets
physiologiques provoqués par la décompression sx@o

Ce procéde est interdit dans la majorité des étatdJ).S.A.
Voir ici pour le Missouri et le New Jersey

Selon PETA USA:

les gaz emprisonnés dans les sinus, les oreillgemmes, et les intestins des animaux se dilatent
rapidement. Ce qui provoque un grand malaise avegtande souffrance. Quelques animaux
arrivent a survivre au premier passage dans laloieade décompression et sont de nouveau
décompresseés a cause d'un dysfonctionnement garkalp d'une erreur de I'opérateur ou parce que
les animaux arrivent a survivre dans des pochésed'ds sont repasseés dans le dispositif
douloureux une seconde fois.

the gases in animals' sinuses, middle ears, aestimes expand quickly, causing considerable
discomfort to severe pain. Some animals survivditbiego-round in decompression chambers and
are recompressed because of malfunctioning equiponeghe operator's mistake or because
animals get trapped in air pockets. They are thetrthpough the painful procedure all over again.

Le rapport 2000 de I'American Veterinary Medicak@siation indique, a la fin, dans sa liste des
agents et méthodes inacceptables pour euthanasier q

La décompression est inacceptable pour l'euthargsiaison de nombreux inconvénients.

(1) Beaucoup de chambres sont congues pour peodnivide a une vitesse 15 a 60 fois plus
rapide que ce qui est recommandé comme optimumles@nimaux, avec pour résultat la douleur
et une détresse attribuable aux gaz qui se dilateqii sont emprisonnés dans les cavités du corps.
(2) les animaux immatures résistent a I'hypoxieleeplus longues périodes de vide sont exigees
avant que la respiration cesse.

(3) la récompression accidentelle, avec le rezabinent des animaux blessés peut se produire.
(4) des boursouflages, des saignements, des v@mmesds, des convulsions, de l'urination, et de la
défécation, qui sont esthétiquement désagréaldesept se développer chez les animaux sans
connaissance.

Decompression is unacceptable for euthanasia becdusimerous disadvantages.



(1) Many chambers are designed to produce decasipreat a rate 15 to 60 times faster than that
recommended as optimum for animals, resulting in pad distress attributable to expanding gases
trapped in body cavities.

(2) Immature animals are tolerant of hypoxia, Eymdyer periods of decompression are required
before respiration ceases.

(3) Accidental recompression, with recovery otined animals, can occur.

(4) Bleeding, vomiting, convulsions, urinationdastefecation, which are aesthetically unpleasant,
may develop in unconscious animals.

Dans les GUIDELINES FOR HUMANE EUTHANASIA OF ANIMAE de I'American Veterinary
Medical Association on retrouve, repris du rap@®®0, ce méme procédé considéré comme
inacceptable (donc cruel).

L'arrété du 12 décembre 1997 relatif aux procéldgsmobilisation, d'étourdissement et de mise a
mort des animaux et aux conditions de protectiomale dans les abattoirs indique dans son
annexe IV "mise a mort des animaux - "3. Caissenl@' que :

Les animaux doivent étre mis en caisson étanche wide est rapidement réalisé par une pompe
électrique puissante.

Ici on demande que le vide soit rapidement réatiség grande vitesse de décompression est
justement dénoncée comme facteur de souffrance papport 2000 de I'AVMA.

L'Organisation des Nations Unies pour I'alimentatet I'agriculture (généralement appelée FAO :
Food and Agriculture Organization, une organisasipécialisée de 'ONU) a publié en 2001 une
brochure intitulée : "MANUAL ON PROCEDURES FOR DISEE ERADICATION BY
STAMPING OUT"

Dans le chapitre 3 méthodes d'abattage, aux anwgens physiques, la décompression est
mentionnée.
Onyy lit que la décompression est maintenant céndéelcomme inacceptable.

OTHER PHYSICAL METHODS - Decompression - This meath® now regarded as unacceptable.

D'autre part I'office international des épizoo{i@$E) publie des lignes directrices pour l'abagtag
d'animaux a des fins de consommation humaine wast pas fait mention de ce procédé comme
méthode de mise a mort acceptable.
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La documentation dans la littérature indique que la moreredant gu'indolore suivant linduction de 'hypoxie de éeampression rapide comme d'autres méthodes qui méne
I'hypoxie, telle que I'exposition & l'altitude élevéepayde de carbone, et aux gaz inertes (azote, xénon, et kijyBtlusieurs des signes et des symptémes de I'hypoxiedemtiques que
ceux pour lintoxication alcoolique et la narcose de gart&®'ailleurs, il y a de bonne évidence que les rapportesumiécanismes analogues peuvent exister pour 'hypoxiardase
de gaz inerte, et lanesthésie.

EN 1972 et 1978, les rapports du panneau d'AVMA sur leutsiarte ont inclus l'utilisation des procédures hypoxiques dangHanasie des animaux. Les rapports ont couvert
effets de l'oxyde de carbone, du gaz d'azote, de la décosmmespide, et des concentrations paralysantes respamttes anesthésiques, qui resuit dans la mort en induisarttypoxie
aigué ou une insuffisance aigué de l'oxygene.

La polémique a surgi concernant le humaneness d'emplogeméthodes hypoxiques d'induire l'euthanasie chez lessaminparticulierement ceux comportant l'utilisation d g:
rapide de décompression ou d'azote. En conséquence, gaeities et états ont passé la Iégislation interdisairitdation de la décompression ou du gaz d'azote. En raisdmtizét
croissant des individus désirant linformation documersiér si la décompression et d'autres méthodes hypoxiqyes des procédures humanitaires de tuer des animauxglaiite
appropriée a été assemblée et est passée en revue ici.



Effets comparatifs de la décompression, de l'intoxicatiomlcoolique, et de la narcose de gaz inerte

AJOURNEZ 1—Altitude et rapports de pression barométriqudessus de niveau de la mer

Altitude Pression barométrique
(pi au-dessus de niveau de la mer) (millimétre d’hectogramme)
0 760
2000 707
6000 609
10000 522
14000 446
18000 380 *
22000 321
26000 270
30000 226
34000 187
38000 155
42000 128
46000 106
50000 87
54000 72
58000 60
63000 47 **

* Equivalent & un demi- de la pression au niveau de la mertullé de ** que I'ebullition se produit, ou équivalent & lagsien de vapeur d'eau dans des poumons.

La décompression produit des effets hypoxiques semblaldesix observés pendant la montée en escaladant de hautagnesou en volant aux altitudes élevées dans aircrafh3 r
pressurisé plus est haute l'altitude plus la pression arteigont inférieure et plus I'hypoxie est plus grave. La awsitpn de pourcentage des divers gaz de l'atmosphérendape
demeure la méme qu'au niveau de la mer .4 par exemple, legpaage de 02 au niveau de la mer et & n'importe quelle détiltndiquée au-dessus de niveau de la mer est 20.96.-
niveau de la mer, 'ambiant ou la pression barométrique @366 millimetres d'hectogramme, tandis qu'a 55 000 pi astdede niveau de la mer, la pression est de 68.8 millime
d'hectogramme. Ainsi, la pression partielle de 02 au nivd=aia mer est de 760 x 0.2096 ou 159 millimétres d'hectograrArBé.000 pi, la pression partielle de I'O2 est de 68.8 x 0620
ou seulement 14 millimetres d’hectogramme (tableau 1)ahg artériel moyen du chien ou de 'Thomme a normalement ms®teO2 (P02,) d'environ 95 millimétres de Hg.5 & 55.000
le P02 (14 milimétres d'hectogramme) est considérablemendessous du niveau de physiologie nécessaire de lloaiigeé appropriée des tissus. Ce bas ou déficient P02 a cor
conséquence 'hypoxie grave, linconscience, et la mpidea

AJOURNEZ les pouvoirs 2—Comparative des gaz inertes et destasques de gaz qui produisent les niveaux équivaledangsthésie ou de la dépression de Neurologie chez |eshétneains et
les animaux

Gaz Pression anesthésique (ATA) *
Hélium >261
Néon 88
Azote 29
L'argon 20
Kryton 29
Protoxyde d'azote 0.9
Xénon 0.85
Ether diéthylique 0.02
Chloroforme 0.015
Halothane 0.008

Données de Millers et autres .59 et de Saidman et autres .60



ATA = les atmosphere absolue.
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La montée a l'altitude élevée et a 'hypoxie résultante ipeluire de divers effets tels que I'excitation, joie de givet euphorisme suivie de mal de téte, de lassitude, deénsatiisorielle,
d'affaiblissement visuel, de faiblesse neuromusculaeedyspnée, et de perte de consciousness.4 il est bien caenles) pilotes d'avion volant a laltitude élevée et exp@sés

environnement du bas 02 développeront ces symptomes laymsxiL 'hypoxie peut étre si aigué que la perte de conscgnpeduise rapidement sans warning.6 antéfieur

Toutes les manifestations observées dans lintoxicatmolique telle que le mal de téte, la somnolence, la démessspiratoire grave et linsuffisance O2 associée dmnialtérée,
lincoordination neuromusculaire, et 'échec dans leaigssentaux également ont été observées dans les étresnssnamis a hypoxiad aigu ou l'exposition a decompressidand
tous les exemples, ces efiects sont induites par un POXfigasf au cerveau. L'hypoxie ou un PO2 déficient ne deyai étre confondue avec I'étouffement, I'étranglement,

lasphyxie dans laquelle une insuffisance en O2 est coralainéc une tension C02 accrue (hypercapnie) en tant quelelaprés l'action du succinylcholine ou §fyoecurarinelyans |
paralysie de la musculature respiratoire (les musclesdiajghragme de membrure intermédiaire). L'hypercapni&muffement n'est pas un facteur dans la montée a l'atiélelée ou
pendant la décompression.

Intéressant, plusieurs des signes et les symptomes dexlieygécrits ici sont identiques que ceux pour la compressivair et pour la narcose du gaz inerte narcosis.9 induite lds
étres humains par leur compression en air ont été rappaeee diu siécle dernier. Des symptdémes ressemblant a iiat@n alcoolique ont été observés en 1835 par Junod.9ffeét ¢
nuisible sur le perceptivity mental et sur la capacité deelBumain d'exécuter dans la gamme a air comprimé de bidbeugborisme d'abord observée dans des ouvriers de casss!
lamnésie, au hyperconfidence dangereux, a la difficudtésda prise de décision, et aux fautes dans la consciensealdamns.9 en 1935, on l'a appris que cette intoxication aaimprimé
était due a la teneur en azote de l'effet narcotique d'afr 4@ produit dans les étres humains en air aux 3 atmosphgrksefrand. L'euphorisme, le retardement des processusmer

plus élevés, et la fonction neuromusculaire altérée soserobd.10 I'étude de Behnke et auttmenés a la réalisation que la narcose d'azote était justeaimpde d'une caractéristique
plus générale de phénoméne également de lautre gas@sridrie que la différence entre les actions narcotiquegdegaz est principalement un pouvoir impliquant plutot guedture

des symptémes ils elicit.9 selon les collines et le rafoﬁ',meilleur index pour doser cette différence est probablérfemnis par « la pression partielle equinarcotic » ettpite
prolongés pour inclure les anesthésiques gazeux.

Les valeurs sont disponibles pour un assortiment des garneti§sent une base comparative pour leurs pouvoirs riquest relatifs (tableau 2). Le gaz inerte plus efficace exig la
plus petite pression partielle afin d'obtenir le méme delgréarcosis.9 qu'une telle comparaison implique que thésie inhalant est une prolongation de narcose de gae inentfait, il
y a de bonne évidence qu'un rapport ou un mécanisme analrgteaans les deux conditions.13

Semblable aux symptdmes induits par la décompressionmtaxication d'alcoolique, des manifestations de narcesgat inerte ou narcose a air comprimé incluez l'euphoris
loquacité, I'hallucination, perte provisoire de la mérapdifficulté en assimilant des faits ou en prenant des aésla suffisance, réponse retardée aux stimulus visaedhtifs, olfactifs,
ettactiles, et a la coordination neuromusculaire altéréeant a la stupéfaction et a la perte de l'exposition consn&ss.9 a a air comprimé a l'absolu des 2 atmospheéres (ABAR*x
760 milimeétres de résultats d'hectogramme dans l'aétihit delta de 'EEG.13 chez 7 ATA, signes et les symptdmes dedacose d'azote » sont évidents dans un grand non
d'individus, accompagnés d'une Iégére diminution de liaide de l'alpha rythme. Chez 10 ATA, cette diminution dsispnarquée et les signes de la narcose sont plus graves.
pression est augmentée plus loin, l'un-consciousnessot8u

* ATA = unité de I'égale de la pression (760 millimetres diogcamme) a la pression d'air au niveau de la mera 0 C.

Effets principaux observés apres exposition a la décomprs®n

Les effets de la décompression sur le chien sont récapitatéme foliows'* 18: Juste aprés l'exposition & une pression ambiante de 3métiles d'hectogramme, la respiration devie
profonde et rapide. Cette hyperventilation dure une qoestés secondes. Le distention abdominal marqué se pratuédiatement. C'est d0 a 'expansion des gaz actuels dpparkil
gastro-intestinal. L'animal s'effondre en environ 8 selesn Les convulsions se produisent généralement dedar® @el2 secondes et durent pendant plusieurs secondes. On
également observer la rigidité de Decerebrate. Elle seuiirodez les animaux suivant la récompression ou le retouesspre.15 atmosphérique normal suivant une saisie coveul
I'animal est tranquille excepté les halétements respiestoccasionnels qui sont inefficaces en aérant les posirhatabituellement le lacrimation, la salivation, et I'ation se produisent.
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Chez le singe, le contenu gastrique est soudainement etadedjecté lorsque l'animal est décomprimé aux altitudeteasus de 55.000 ft.19 trente & 40 secondes apres la crddeti
pression, le gonflement secondaire commence. Ce gonfteseeproduit d'abord dans les membres arriere et labdonféneiar et progresse headward. Les animaux survivron!
récupéreront completement si I'exposition a 30 millimetihectogramme a lieu pendant moins de 90 secondes. Lesiteooqm® de 2 minutes ou sont plus longtemps habituellem:
mortelles.

Dans I'étre humain, la douleur de I'expansion de gaz daeastin a été rare pendant la montée dans l'altitude, biettegolupart des sujets notent une sensation « de ébullitdans
labdomen.3 quelques individus pour s'étre plaints deldedo vraisemblablement par l'origine oesophagienneastiiddes tentatives négligentes a l'eruct pendant la mdatéglus de la
douleur abdominale avant linconscience, la douleur dieecgénéralisée a été rapportée par les sujets humainaugsedgcondes avant la perte de consciousness.20

Influence de Neurologie de la décompression

Des tissus dans le corps, le tissu nerveux estle mineur leagalésister aux effets de hypoxia.4 dans I'étre humiaypdkxie aigué ressemble a l'intoxication alcoolique esamide
linsuffisance O2 marquée et de la dépression respiragoirse développe. Les symptdmes sont mal de téte, désdiventaentale, somnolence, activité respiratoire dimindigiblesse
neuromusculaire, et incoordination.21 selon Van Liéfex personne d'A exposée a une tension a faible teneur en meyigéverse souvent une premiére étape d'euphoris

accompagnée par un sentiment de fatuité et un sens de méssaxygene veulent des stimulates le systéeme nerveusatde sorte que le sujet puisse devenir hilare et chanterieg,
et d'autres perturbations émotives se manifestent sauvent



A mesur que I'expositior aux niveauy PC2 bas es augmenté, la perte de conscienc se produi. Un pilote d'avior expos: soudainemei 3 une altitude de 45.00C pi at-dessu de niveat de
la mer deviendra sans connaissance dans linconscienceglSetonds.22 peut seulement étre évité si 02 de 100%sestamans 5 a 7 secondes. Les pilotes soumis a 33.000 pi et ¢
de respiration de 100% et immédiatement exposés a 52.50engiapt moins de 6 secondes et recompressed alors a 33.00@@ident pas consciousness.23 si 'exposition est |
longue que 6 en second lieu, inconscience se produiront n@dmen respirant 02 de 100%

Dans I'étre humain, l'arrestation provisoire de la cirtataau cerveau sans affecter la région respiratoire a €gngalie au moyen de réactions caractéristiques cervicmeBables
particulierement congues de la pression un cuff.24 résiutta l'arrestation aigué de la circulation au cerveau parila 10 secondes sont fixation des globes oculaires, flda dsion,
perte de conscience, et convulsions hypoxiques. La pexertgience précéde la convulsion hypoxique. Les saisi@autives sont d'un type tonique et clonique généralisisoRe la
convulsion est précédée par la perte de conscience, laperseste sans connaissance dans toute la saisie et n'eanémuoire de elle. Les enregistrements d'Electroencegtagloic
indiquent l'aspect soudain des grandes vagues lenteseatgudelta) qui sont étroitement corrélées avec la fixatesmyeux ou de la perte de conscience. En outre, EEG et d'al

enregistrements électriques ont été faits pour les sujetmims rendus hypoxiques en respirant l'az5té° concentrations du bas 0%et dans ceux décomprimées aux altitudes simul
de 45.000 ft.22 chez les animaux, l'activité corticale téigge du cerveau a été enregistrée apres le hypo@miaiecompression.ZB

La circulation cérébrale a été arrétée pour tant que 10thsesalans humain tous les sujets beings.24 regagnent leiearesdans 30 a 40 secondes aprés restauration de conule
Pendant l'arrestation, la perte de conscience, les caamg|sla cyanose marquée, lurination et la défécationlamtaire, la bradycardie, et la dilatation des pupilleststes signes
observed.24 sont comparables a ceux ont observé chezeawensuivant linduction de I'hypoxie de la décompression.

Chez le chien, l'arrestation de la circulation de cerveandart 6 minutes ou moins récuperent la fonction de neuml¢gidis que ceux soumis aux périodes de l'arrestationlaioire
pendant 8 minutes ou ont plus longtemps habituellementrieeae permanent damage.29 Urination se produit fréquemperdant la premiére minute de l'arrestation circulatoi
L'activité respiratoire cesse 15 a 20 secondes aprésatiogstie circulation de cerveau chez la plupart des animaaxgci a comme conséquence le développement de I'hypexie.gr

Pendant une période désignée sous le nom du coma hypetawdifisl'arrestation circulatoire, il y a les mouvementsiremts rapides de tous les membres, souvent accompagreés
salivation et du vocalization. Ceux-ci coordonnés et lesivements rhythmiques avec le vocalization se produisestt Evmensonge de chien sans connaissance sur son sided284$0i
la période du coma hyperactif, rigidité d'extenseur est kabituellement exprimé comme des opisthotonos avec lebanés fermées étroitement. Pendant les intervalles desr
mouvements courants, il y a de rigidité modérée d'extensaucipalement dans les manifestations forelimbs.29 iges observés chez les chiens pendant la période du coreeaabtip
sont presque, sinon identique, a ce que l'auteur a vu chégumsechiens soumis a la période t6t de la décompression dexgesition rapide ; concentrations mortelles d'oxyde
carbone.
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Selon Kabat et autre8? mouvements courants pendant la période du coma hyperaatisemblables & ceux qui se produisent pendant le réteiéss de I'anesthésie de barbiturat
Des vétérinaires sont bien mis au courant de ces mouvenmm&ants et le vocalization pendant la période de démenaapele rétablissement du sodium anesthesia.30 de pehiiaiar
I'animal est comateux ou sans connaissance pendant cetigepgui est caractéristiqgue de stage-2 anesthesia.30

Influences pulmonaires et cardiovasculaires de la décompssion

La réponse la plus conformée et la plus exceptionnelle ebsechez la décompression suivante d'animaux (chat, af@gnapin, et cobaye) est le développement du distent
distention.31 abdominal abdominal est la plus grande aheablaye et le lapin dus aux quantités de gaz relativementigsanormalement actuelles dans les appareils gastsiiiraex
de ces animaux. A mesure que le distention augmente, lerdigypie est forcé vers le haut dans la position expiratoices gue le thorax est soulevé dans la position inspirat6hez le
lapin et le cobaye, ces effets peuvent étre si en avant quemé@derent sérieusement, ou empéchent réellement, lesventents respiratoires. Cette accumulation de disteetiate
pression interfére inévitablement le sang retournant aurcpar la veine cave caudale. Il doit étre suffisante igterfune pression intra-abdominale positive de la grandeservée a
une altitude simulée de 55.000 pi le retour veineux a la réolubeart.32 marquée par A des résultats de retour veinene dliminution de débit cardiaque et de I'abaissementirdin
la pression artérielle. Ceci réduit la période latente defense hypoxique puisque, en outre, la pression arggele sang coulent dans le cerveau et le coeur égalementéstuits.
L'hypoxie altére le coeur comme pompe circulatoire. La dégipn vasculaire cardiovasculaire est comme messagdliciéadion et hypoxie en tant que décompression suivaatepiéte
a 55.000 pi comme & un plus haut altitudes.32 simulé

Chez les chiens exposés a la décompression, il y a une bajsisie dans pressure.31 artériel systémique en outre, esehiens décomprimés a 30 millimétres d'hectogramme
d'équivalent a une altitude de 72.000 pi), circulation eshglétement arrété en moins de 16 secondes aprées que dessioprl6 des résultats circulatoires de cette arrestdéda
vapeur ou des bulles dues a l'expansion des gaz de sang daoeuleou le lit vasculaire et correspond a quel ingénieuésere comme serrure de vapeur. La bréve arrestation
écoulement de sang au cerveau du chien d'adulte prodesime pendant 12 & 18 heures ; aprés 6 minutes, pendant 24 loeupdus longtemps et ; aprés 8 minutes ou plus, coma
permanent.29

Ily a plus de 40 ans, Lennox et autr&ont rapporté cela dans les étres humains que la perte de@oosse produit quand la saturation O2 du sang veineuxgirguthute a 24 % ou
ci-dessous. Les bas de saturation du pourcentage 02 dééectméz le chien 30 secondes suivant la décompression aeleselifiminution pressures.34 barométrique de la satardéo
pourcentage ne se produit pas jusqu'a ce que des pressiorsaro510 millimétres d’hectogramme soient atteintes.ataration de l'oxygéne diminue brusquement aux pressi
barométriques entre 510 milimétres d'hectogramme et Hdn@ires d’hectogramme. La saturation de pourcentageéesta 50 milimetres de pression ambiante d'hectogramnueeA
pression ambiante moins de 52 millimetres d'hectograminaviasculaire, des bulles sont une conclusion fréquerge Ehchien mais des bulles ne sont pas trouvées a un plus
pressures.34

L'évaporation des fluides de corps peut abaisser la teypérarale au-dessous de zéro et peut également abaissepi@rature de corps interne plusieurs degrés en moins del2asi
chez les chiens soumis au vide proche (1 millimetre d'heatome) conditions.35

Les réponses cardiovasculaires des chiens a l'azoteasspin niveau du sol et a 'hypoxie a 55 millimétres d'absdheaogramme sont tout a fait similar.36 les chutes de jomess
artériel systémiques, et augmentations pulmonic de messitérielle dues a I'hypoxie produite par l'azote ou laoddwession. Les augmentations veineuses de pressiomsiava

décompressiot?\7 mais les restes dans une marge normale dans tout I'épispdrithye pendant I'azote breathing.36 Apnea se produittptysendant la décompression a 55 millimétre
d'hectogramme dans une moyenne d'environ 60 secondes ré@s@aenviron 80 secondes pour des chiens respirant 'aadbeadycardie se produit suivant les épisodes hypoxiq
produits par lazote respirant et décompression a 55 millies d'hectogramme. Cependant, la fréquence cardiaguieudi plus tét et tombe aux niveaux plus bas suivant
décompression comparée aux animaux respirant lazote.

La décompression des chiens anesthésiés au vide prochdifdetmes d’hectogramme) pour la réduction grave de 60esade secondes d'effets hémodynamiques artériels du ¢
flow.38 a produit & 4 millimetres d'hectogramme sont atizile en grande partie a l'obstruction mécanique du systamtkovasculaire par des pressions extra-vasculairasiesc
résultant de I'expansion de gaz et particulierement dedansation de l'eau.

Les effets de 'hypoxie produits par la décompression a tiitecee simulée de 30.000 pieds pendant 90 minutes s étuié d résultat conformé non anesthésié de dogs.39 A ¢
décompression étaient une diminution marquée de condientem plasma-potassium. La concentration en sodium deala@emeure sans changement.



Influence d'Otologic de la décompression

L'effet de la décompression sur l'oreille moyenne du singe atudied.40 au cours de la décompression & un taux lemi{Boetres d'hectogramme/minute), le tube eustachiaredu
périodiqguement pour maintenir la pression tympanic oeveetpression ambiante. L'ouverture périodique du tubaehisin s'est produite seulement quand le taux de décoripredait
lent. Quand le taux de décompression est plus haut que 13thétibs d’hectogramme par minute, un état ouvert soutentwle eustachian résulte. Méme aux taux excessifs
décompression, tels que vu pendant la décompression axpliaspression d'oreille moyenne revient tres rapideraamle de la pression ambiante.

La décompression explosive se produit & un taux beaucougsiplis rapidement que cela a employé dans la décompresgime. Par exemple, la décompression explosive peu
produire en environ 12 a 40 millisecondes avec une baisse ldapression barométriqgue de 740 millimétres d'hectogm@ar25 millimetres d’hectogramme ou la décompress
less.15.17 rapide peut changer a temps de 10.000 millidescet upward.3

L'évidence indique que 'hémorragie et la douleur tympawiot provoquées par la pression négative (> 600 milliméteethectogramme) qui se développe dans l'oreille moyer
pendant la récompression si le dernier est progressif @mdinragie explosive.40 dans les sinus frontaux des chiétés@bservé et également attribué & recompression.4k rapid

Myringopuncture peut empécher le développement de laipreségative et peut donc empécher la production des |ébmmmgraumatic a l'oreille. La piglire des deux tamboursedler
élimine également complétement la bradycardie pendarédanmpression du singe non anesthésié apporté vers le bas0® 4oi a une vitesse plus rapide que librement fall.
apparemment la bradycardie qui se produit pendant la réessipn est due au unequalized la pression négative de roogiie et est négocié par réflexes par le nerf de vagus.!@r
suggéré que les impulsions des récepteurs, fassent spuffbiablement des récepteurs, dans la moyen-oreille oaabmane tympanic, ou tous les deux, lancent ce réflexe.

Dans les étres humains, le malaise d'oreille et la douleawegont été observés principalement pendant la récomprassien descendant & un altitude.22.42.43 inférieur il ysacds
rares ou le barotrauma impliquant les oreilles ou les sieygaduisent pendant I'ascent.44 A prédisposant le fadsns tous tels cas était infection respiratoire supéri€gei n'étonne
pas, parce que on le sait que linflammation du mucosa derrégspiratoire peut interférer la ventilation de I'oeeithoyenne et du sinuses.44 paranasal

Effets de Pathologie aprés la décompression

Les Iésions brutes de pathologie vues chez les chiens $uavatécompression sont hémorragiques dans nature.45hiRdtecix hémorragies ecchymotic dans les poumons
produisent. Les dommages cardiaques se produisent égalaee des hémorragies ecchymotic sur les valvules nstddequelques animaux. L'hémorragie d'Ecchymotic se proc
également sous le mater de dura entourant le sinus sagittaideau.

Des lésions hémorragiques suivant la décompression desypesif sont trouvées principalement dans les poumomngegaa, et heart.45 de ces derniers, les lIésions pulmorsintda
plupart des common.45.46 on le pense que que ces lésionscsggant comme resuit de laugmentation soudaine de laipremtrapulmonary pendant la décompression. L'expans
rapide soudaine des poumons avec l'étirage des murs ateéaaprobablement comme conséquence la déchirure degetsists.

Des changements histopathologiques résiduels du sys&mweux central des chiens ont été décrits aprés la décosipmeaspide a 1 millimétre d'hectogramme pour 120 secorids.4

Effet de la décompression et d'autres épisodes hypoxiquestemps de survie

L'inconscience ou l'effondrement chez des chiens d'adufiesés aux altitudes simulées entre 50.000 et 55.000rpssirant l'air ou 02 de 100 %, se produit dans moins de 90ou
secondes suivant exposure.14 « anoxie compléte » ouoxieygompléete » se produit donc & ces altitudes (IE, 52.50€hez les animaux respirant ou I'air ou 100% 02.32.48.413 des
étres humains, I'hypoxie potentiellement grave produitelessus de 50.000 pi commence a devenir efficacementregnae niveau de 50.000 pi, s'améliorant rapidement ave
récompression continue a 40.000 pi ou lower.8
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Les études chez les animaux ont prouvé que le temps de simireué avec l'augmentation de l'altitude comme sévéritégaoxie increases.50 cependant, les extensions de téenp
survie par minimum et restes constants indépendammenadarnissement plus ultérieur d'altitude. La période deisuminimale des animaux exposés a la décompression rapgte :
étudiée en O2 et en air par Lutz.51 chez les animaux resflgartutz a constaté qu'un temps de survie minimal de 25 seson@té atteint quand des animaux ont été décomprim
une altitude simulée de 52.000 pi aprés le méme procédé tiuxias en-dessous de 52.000 pi que les temps de surviatgthis longs, et aux altitudes au-dessus de 52.000 pi lgsste
de survie ne sont pas devenus sensiblement plus courts @EEsesté approximativement 25 secondes. Chez les anireapixant l'air, Lutz a observé qu'un temps de survie minoheal
25 secondes a été atteint sur la décompression a 43.000 piaue

La période de survie des animaux non anesthésiés (rats) laptécompression en air, quand le cessation de la respiegt employé comme point final, est constante pour toetes
altitudes finales simulées de décompression au-dessug.0@05ft.49 chez le rat, aux altitudes simulées de 52.00® éiaeit, respiration rhythmique cessée sur la moyenne de :
secondes aprés la décompression en air. Les études suelssdefla décompression des chiens et des rats du niveaurge &30 millimétres d’hectogramme (IE, 72.000 pi) ont indiq
que la respiration a cessé a environ 30 secondes. En olér@seld'intérét et remarquable que la respiration chezhiesns cesse en 15 a 20 secondes aprés soudain accomp
l'arrestation du circulation.29 cérébral

A mesure que l'exposition a l'altitude élevée et & lenviesnent hypoxique de accompagnement augmente, la résistate tolérance a I'hypoxie devient la tolérance less.5itaude
élevée ou la décompression semble changer avec de diverssses animales. Comparé au cobaye, le chat et le chienlgsnolerant.52 de chats, lapins, cavies, hamsters, rdtss e
souris ne survivent pas une décompression de 100 milliméthectogramme (IE, 47.000 pi) pour 3 minutes.53

Le centre respiratoire est le plus résistant a 'hypoxiersissance, puis diminue par le 4éme mois de la vie dans saaBse dog.54 a 'hypoxie induite par l'azote a la naisseharge
de 28 minutes dans I'écureuil moulu, a 16 minutes chez le &laminutes chez le cobaye .55 que l'origine de la résistaypmxique dans les mammiféres n'a pas été identifiée.

Les lapins d'adulte peuvent tolérer une atmosphere d'ami@dazote de 100 % pendant seulement 1.5 minutes avanttigtamalis que le lapin nouveau-né peut survivre pour taet c
27 minutes.56 chez le chien d'adulte, occlusion aigué dedalation cérébrale et hypoxie résultante produisenelkesation de la respiration spontanée apres seulement de8@0
secondes ; dans les 8 - a de dix jours - le vieux chiot, cet séf@roduit en 5 minutes, et dans I'animal nouveau-né, seip@u27 minutes. Les reptiles et les amphibies peuvene&tolé
privation O2 jusqu'a un degré beaucoup plus grand que lézespnammiferes ; par exemple, la tortue peut tolérer larmrduite de l'azote de 100 % pendant plusieurs heureseet

dose de cyanure 50 fois plus grandes que qui toxique au maBamal

L'exposition du chien & un environnement proche de vider{mide 2 millimétres de absolu d'hectogramme) indique g@sechiens exposés pendant moins de 120 secondes
capables de la survie sur la récompression a 35.000 pi torgsgirant 02.14 chez de tels animaux, effondrement se jirddns 9 a 10 secondes aprés la décompression ave
spasticity généralisé de muscle, quelques halétemergigsseonvulsives momentanées, apnea, et gonflementiadrgs et des extrémités.



Considérations humanitaires de la décompression

La technique rapide de décompression pour produire I'hgpgas la méthode explosive de décompression) a été emapimyé 'euthanasie d'animals.53.58 la ont été beauc
d'études pathophysiologiques comportant lutilisaties dnimaux soumis a la décompression. Les la plupart ontoftéuites par altitude élevée ou espacent des laborato&e:
recherches, des vols spatiaux ainsi équipés ont pu étrenplies avec un minimum de risque. L'évidence suffisantersermdiquée par des enregistrements d'EEG ont indiqué |
I'hypoxie induit rapidement linconscience dans les denirnaux et homme soumis a laltitude élevée simulée palidation des chambres de décompression ou linhalatiorgdes
inertes. On ne le connait pas ce qui étre les perceptionsdivigis d'un animal dans une chambre peuvent mais une foectament faite, la décompression est un procédé indptme
toute la décompression des espét®dUtaux de 4.000 pi par minute pendant 10 minutes, de ce faintndéae altitude simulée de 40.000 pi (141 milimétres dbgetmme), et
maintenant ce presure jusqu'a ce que la respiration cassemswidérés optimal pour un dog.58 mdr pour des adultesrdsespeces telles que des chats, lapins, cavies, hamatsy et
souris, une décompression de 100 millimétres d'hectogesfitin47.000 pi au-dessus de lel de mer) pendant 3 minutesasirtionné pour l'induction de l'euthanasie suivantauxtde

décompression de 15 millimétres d'hectogramme par mbgite.
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Comme souligné dans le panneau de 1978 AVMA sur le rapportmaualasie,2 "utilisation réussie des chambres de décompression eshéffisur le fonctionnement approprié ¢
I'entretien de I'équipement. Le personnel actionnantiffment doit étre habile et bien informé dans son utitsattomme comprenez les réactions esthétiguement déskgré
manifestées par des animaux pendant la période du coma ‘tcdascience hyperactif avant la mort. Les chieasiessous de 4 mois d'age sont plus tolérants a I'hypaxie besoin de
de plus longues périodes de la décompression avant deswandeda respiration ceases.54 avec des complicationsraémpes et particulierement ceux avec des médias d'oitis
devraient pas étre soumis a la décompression en raison dsdiéitité du développement de la douleur de unequalizprelssion positive de moyen-oreille.
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TAB F SECTION 20
GUIDELINES FOR HUMANE EUTHANASIA OF ANIMALS

Information from the 2000 Report of the AVMA Panel on Euthanasia
Excerpted from the Journal of the American Veterinary Medical Association,
Vol. 218, No. 5, Pages 669-696 © American Veterinary Medical Association, 2001. All Rights Reserved.

INTRODUCTION
The practice of veterinary medicine is complex and involves diverse animal species. Whenever possible, a
veterinarian experienced with the species in question should be consulted when selecting the method of
euthanasia, particularly when little species-specific euthanasia research has been done.

The recommendations in this report are intended to serve as guidelines for veterinarians who must then
use professional judgment in applying them to the various settings where animals are to be euthanatized.

In the context of this report, euthanasia is the act of inducing humane death in an animal. It is our
responsibility as veterinarians and human beings to ensure that if an animal’s life is to be taken, it is done
with the highest degree of respect, and with an emphasis on making the death as painless and distress free
as possible. Euthanasia techniques should result in rapid loss of consciousness followed by cardiac or
respiratory arrest and the ultimate loss of brain function. In addition, the technique should minimize
distress and anxiety experienced by the animal prior to loss of consciousness. The absence of pain and
distress cannot always be achieved. This report attempts to balance the ideal of minimal pain and distress
with the reality of the many environments in which euthanasia is performed.

It is imperative that death be verified after euthanasia and before disposal of the animal. An animal in
deep narcosis following administration of an injectable or inhalant agent may appear dead, but might
eventually recover. Death must be confirmed by examining the animal for cessation of vital signs, and
consideration given to the animal species and method of euthanasia when determining the criteria for
confirming death.

GENERAL CONSIDERATIONS
In evaluating methods of euthanasia, the 2000 AVMA panel on euthanasia used the following criteria: (1)
ability to induce loss of consciousness and death without causing pain, distress, anxiety, or apprehension;
(2) time required to induce loss of consciousness; (3) reliability; (4) safety of personnel; (5)
irreversibility; (6) compatibility with requirement and purpose; (7) emotional effect on observers or
operators; (8) compatibility with subsequent evaluation, examination, or use of tissue; (9) drug
availability and human abuse potential; (10) compatibility with species, age, and health status; (11) ability
to maintain equipment in proper working order; and (12) safety for predators/scavengers should the
carcass be consumed.

PHYSICAL METHODS
Physical methods of euthanasia include captive bolt, gunshot, cervical dislocation, decapitation,
electrocution, microwave irradiation, kill traps, thoracic compression, exsanguination, stunning, and
pithing. When properly used by skilled personnel with well-maintained equipment, physical methods of
euthanasia may result in less fear and anxiety and be more rapid, painless, humane, and practical than
other forms of euthanasia. Exsanguination, stunning, and pithing are not recommended as a sole means of
euthanasia, but should be considered adjuncts to other agents or methods.

Some consider physical methods of euthanasia aesthetically displeasing. There are occasions, however,
when what is perceived as aesthetic and what is most humane are in conflict. Physical methods may be
the most appropriate method for euthanasia and rapid relief of pain and suffering in certain situations.
Personnel performing physical methods of euthanasia must be well trained and monitored for each type of
physical technique performed. That person must also be sensitive to the aesthetic implications of the
method and inform onlookers about what they should expect when possible.
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Since most physical methods involve trauma, there is inherent risk for animals and humans. Extreme care
and caution should be used. Skill and experience of personnel is essential. If the method is not performed
correctly, animals and personnel may be injured. Inexperienced persons should be trained by experienced
persons and should practice on carcasses or anesthetized animals to be euthanatized until they are
proficient in performing the method properly and humanely. When done appropriately, the panel
considers most physical methods conditionally acceptable for euthanasia.

Penetrating captive bolt

A penetrating captive bolt is used for euthanasia of ruminants, horses, swine, rabbits, and dogs.8 Its mode
of action is concussion and trauma to the cerebral hemisphere and brainstem.”'* Captive bolt guns are
powered by gunpowder or compressed air and must provide sufficient energy to penetrate the skull of the
species on which they are being used.” Adequate restraint is important to ensure proper placement of the
captive bolt. A cerebral hemisphere and the brainstem must be sufficiently disrupted by the projectile to
induce sudden loss of consciousness and subsequent death. Accurate placement of captive bolts for
various species has been described.”'? A multiple projectile has been suggested as a more effective
technique, especially for large cattle.’

A nonpenetrating captive bolt only stuns animals and should not be used as a sole means of euthanasia.

Advantage—The penetrating captive bolt is an effective method of euthanasia for use on the farm when
use of drugs is inappropriate.

Disadvantages—(1) It is aesthetically displeasing. (2) Death may not occur if equipment is not
maintained and used properly.

Recommendations—Use of the penetrating captive bolt is an acceptable and practical method of
euthanasia for horses, ruminants, and swine. It is conditionally acceptable in other appropriate species.
The nonpenetrating captive bolt must not be used as a sole method of euthanasia.

Gunshot

A properly placed gunshot can cause immediate insensibility and humane death. In some circumstances, a
gunshot may be the only practical method of euthanasia. Shooting should only be performed by highly
skilled personnel trained in the use of firearms and only in jurisdictions that allow for legal firearm use.
Personnel, public, and nearby animal safety should be considered. The procedure should be performed
outdoors and away from public access.

For use of a gunshot to the head as a method of euthanasia in captive animals, the firearm should be
aimed so that the projectile enters the brain, causing instant loss of consciousness.>'*"'* This must take
into account differences in brain position and skull conformation between species, as well as the energy
requirement for skull bone and sinus penetration.”"> Accurate targeting for a gunshot to the head in
various species has been described.'*'*"” For wildlife and other freely roaming animals, the preferred
target area should be the head. The appropriate firearm should be selected for the situation, with the goal
being penetration and destruction of brain tissue without emergence from the contralateral side of the
head.”” A gunshot to the heart or neck does not immediately render animals unconscious and thus is not
considered to meet the panel’s definition of euthanasia.”'

Advantages—(1) Loss of consciousness is instantaneous if the projectile destroys most of the brain. (2)
Given the need to minimize stress induced by handling and human contact, gunshot may at times be the
most practical and logical method of euthanasia of wild or free-ranging species.
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Disadvantages—(1) Gunshot may be dangerous to personnel. (2) It is aesthetically unpleasant. (3) Under
field conditions, it may be difficult to hit the vital target area. (4) Brain tissue may not be able to be
examined for evidence of rabies infection or chronic wasting disease when the head is targeted.

Recommendations—When other methods cannot be used, an accurately delivered gunshot is a
conditionally acceptable method of euthanasia.'****> When an animal can be appropriately restrained, the
penetrating captive bolt is preferred to a gunshot. Prior to shooting, animals accustomed to the presence of
humans should be treated in a calm and reassuring manner to minimize anxiety. In the case of wild
animals, gunshots should be delivered with the least amount of prior human contact necessary. Gunshot
should not be used for routine euthanasia of animals in animal control situations, such as municipal
pounds or shelters.

Cervical dislocation

Cervical dislocation is a technique that has been used for many years and, when performed by well-
trained individuals, appears to be humane. However, there are few scientific studies to confirm this
observation. This technique is used to euthanatize poultry, other small birds, mice, and immature rats and
rabbits. For mice and rats, the thumb and index finger are placed on either side of the neck at the base of
the skull or, alternatively, a rod is pressed at the base of the skull. With the other hand, the base of the tail
or the hind limbs are quickly pulled, causing separation of the cervical vertebrae from the skull. For
immature rabbits, the head is held in one hand and the hind limbs in the other. The animal is stretched and
the neck is hyperextended and dorsally twisted to separate the first cervical vertebra from the skull.*'' For
poultry, cervical dislocation by stretching is a common method for mass euthanasia, but loss of
consciousness may not be instantaneous.>

Data suggest that electrical activity in the brain persists for 13 seconds following cervical dislocation,*®
and unlike decapitation, rapid exsanguination does not contribute to loss of consciousness.””**

Advantages—(1) Cervical dislocation is a technique that may induce rapid loss of consciousness.* (2) It
does not chemically contaminate tissue. (3) It is rapidly accomplished.

Disadvantages—(1) Cervical dislocation may be aesthetically displeasing to personnel. (2) Cervical
dislocation requires mastering technical skills to ensure loss of consciousness is rapidly induced. (3) Its
use is limited to poultry, other small birds, mice, and immature rats and rabbits.

Recommendations—Manual cervical dislocation is a humane technique for euthanasia of poultry, other
small birds, mice, rats weighing < 200 g, and rabbits weighing < 1 kg when performed by individuals
with a demonstrated high degree of technical proficiency. In lieu of demonstrated technical competency,
animals must be sedated or anesthetized prior to cervical dislocation. The need for technical competency
is greater in heavy rats and rabbits, in which the large muscle mass in the cervical region makes manual
cervical dislocation physically more difficult.”

Those responsible for the use of this technique must ensure that personnel performing cervical dislocation
techniques have been properly trained and consistently apply it humanely and effectively.

Decapitation

Decapitation can be used to euthanatize rodents and small rabbits. It provides a means to recover tissues
and body fluids that are chemically uncontaminated. It also provides a means of obtaining anatomically
undamaged brain tissue for study.™

Although it has been demonstrated that electrical activity in the brain persists for 13 to 14 seconds
following decapitation,”’ more recent studies and reports indicate that this activity does not infer the
ability to perceive pain, and in fact conclude that loss of consciousness develops rapidly.”¢>*
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Guillotines that are designed to accomplish decapitation in adult rodents and small rabbits in a uniformly
instantaneous manner are commercially available. Guillotines are not commercially available for neonatal
rodents, but sharp blades can be used for this purpose.

Advantages—(1) Decapitation is a technique that appears to induce rapid loss of consciousness.”* (2) It
does not chemically contaminate tissues. (3) It is rapidly accomplished.

Disadvantages—(1) Handling and restraint required to perform this technique may be distressful to
animals.’ (2) The interpretation of the presence of electrical activity in the brain following decapitation
has created controversy and its importance may still be open to debate.****' (3) Personnel performing
this technique should recognize the inherent danger of the guillotine and take adequate precautions to
prevent personal injury. (4) Decapitation may be aesthetically displeasing to personnel performing or
observing the technique.

Recommendations—The equipment used to perform decapitation should be maintained in good working
order and serviced on a regular basis to ensure sharpness of blades. The use of plastic cones to restrain
animals appears to reduce distress from handling, minimizes the chance of injury to personnel, and
improves positioning of the animal in the guillotine.

Those responsible for the use of this technique must ensure that personnel who perform decapitation
techniques have been properly trained to do so.

SPECIAL CONSIDERATIONS

Equine euthanasia

Pentobarbital or a pentobarbital combination is the best choice for equine euthanasia. Because a large
volume of solution must be injected, use of an intravenous catheter placed in the jugular vein will
facilitate the procedure. To facilitate catheterization of an excitable or fractious animal, a tranquilizer such
as acepromazine, or an alpha-2 adrenergic agonist can be administered, but these drugs may prolong time
to loss of consciousness because of their effect on circulation and may result in varying degrees of
muscular activity and agonal gasping. Opioid agonists or agonist/antagonists in conjunction with alpha-2
adrenergic agonists may further facilitate restraint.

In certain emergency circumstances, it may be difficult to restrain a dangerous horse or other large animal
for intravenous injection. The animal might cause injury to itself or to bystanders before a sedative could
take effect. In such cases, the animal can be given a neuromuscular blocking agent such as
succinylcholine, but the animal must be euthanatized with an appropriate technique as soon as the animal
can be controlled. Succinylcholine alone or without sufficient anesthetic must not be used for euthanasia.

Physical methods, including gunshot, are considered conditionally acceptable techniques for equine
euthanasia. The penetrating captive bolt is acceptable with appropriate restraint.

Animals intended for human or animal food

In euthanasia of animals intended for human or animal food, chemical agents that result in tissue residues
cannot be used, unless they are approved by the US Food and Drug Administration.” Carbon dioxide is
the only chemical currently used for euthanasia of food animals (primarily swine) that does not result in
tissue residues. Physical techniques are commonly used for this reason. Carcasses of animals euthanatized
by barbituric acid derivatives or other chemical agents may contain potentially harmful residues. These
carcasses should be disposed of in a manner that will prevent them from being consumed by human
beings or animals.
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Selection of a proper euthanasia technique for free-ranging wildlife must take into account the possibility
of consumption of the carcass of the euthanatized animal by nontarget predatory or scavenger species.
Numerous cases of toxicosis and death attributable to ingestion of pharmaceutically contaminated
carcasses in predators and scavengers have been reported.’ Proper carcass disposal must be a part of any
euthanasia procedure under free-range conditions where there is potential for consumption toxicity. When
carcasses are to be left in the field, a gunshot to the head, penetrating captive bolt, or injectable agents that
are nontoxic (potassium chloride in combination with a nontoxic general anesthetic) should be used so
that the potential for scavenger or predator toxicity is lessened.

Euthanasia of nonconventional species: zoo, wild, aquatic, and ectothermic animals
Compared with objective information on companion, farm, and laboratory animals, euthanasia of species
such as zoo, wild, aquatic, and ectothermic animals has been studied less, and guidelines are more
limited. Irrespective of the unique or unusual features of some species, whenever it becomes necessary to
euthanatize an animal, death must be induced as painlessly and quickly as possible.

When selecting a means of euthanasia for these species, factors and criteria in addition to those previously
discussed must be considered. The means selected will depend on the species, size, safety aspects,
location of the animals to be euthanatized, and experience of personnel. Whether the animal to be
euthanatized is in the wild, in captivity, or free-roaming are major considerations. Anatomic differences
must be considered. For example, amphibians, fish, reptiles, and marine mammals differ anatomically
from domestic species. Veins may be difficult to locate. Some species have a carapace or other defensive
anatomic adaptations (eg, quills, scales, spines). For physical methods, access to the central nervous
system may be difficult because the brain may be small and difficult to locate by inexperienced persons.

7,00 ANIMALS
For captive zoo mammals and birds with related domestic counterparts, many of the means described
previously are appropriate. However, to minimize injury to persons or animals, additional precautions
such as handling and physical or chemical restraint are important considerations.”

WILDLIFE
For wild and feral animals, many recommended means of euthanasia for captive animals are not feasible.
The panel recognizes there are situations involving free-ranging wildlife when euthanasia is not possible
from the animal or human safety standpoint, and killing may be necessary. Conditions found in the field,
although more challenging than those that are controlled, do not in any way reduce or minimize the
ethical obligation of the responsible individual to reduce pain and distress to the greatest extent possible
during the taking of an animal’s life. Because euthanasia of wildlife is often performed by lay personnel
in remote settings, guidelines are needed to assist veterinarians, wildlife biologists, and wildlife health
professionals in developing humane protocols for euthanasia of wildlife.

In the case of free-ranging wildlife, personnel may not be trained in the proper use of remote anesthesia,
proper delivery equipment may not be available, personnel may be working alone in remote areas where
accidental exposure to potent anesthetic medications used in wildlife capture would present a risk to
human safety, or approaching the animal within a practical darting distance may not be possible. In these
cases, the only practical means of animal collection may be gunshot and kill trapping.'**>* Under these
conditions, specific methods chosen must be as age-, species-, or taxonomic/class-specific as possible.
The firearm and ammunition should be appropriate for the species and purpose. Personnel should be
sufficiently skilled to be accurate, and they should be experienced in the proper and safe use of firearms,
complying with laws and regulations governing their possession and use.

Behavioral responses of wildlife or captive nontraditional species (zoo) in close human contact are very
different from those of domestic animals. These animals are usually frightened and distressed. Thus,
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minimizing the amount, degree, and/or cognition of human contact during procedures that require
handling is of utmost importance. Handling these animals often requires general anesthesia, which
provides loss of consciousness and which relieves distress, anxiety, apprehension, and perception of pain.
Even though the animal is under general anesthesia, minimizing auditory, visual, and tactile stimulation
will help ensure the most stress-free euthanasia possible. With use of general anesthesia, there are more
methods for euthanasia available.

A 2-stage euthanasia process involving general anesthesia, tranquilization, or use of analgesics, followed
by intravenous injectable pharmaceuticals, although preferred, is often not practical. Injectable anesthetics
are not always legally or readily available to those working in nuisance animal control, and the distress to
the animal induced by live capture, transport to a veterinary facility, and confinement in a veterinary
hospital prior to euthanasia must be considered in choosing the most humane technique for the situation at
hand. Veterinarians providing support to those working with injured or live-trapped, free-ranging animals
should take capture, transport, handling distress, and possible carcass consumption into consideration
when asked to assist with euthanasia. Alternatives to 2-stage euthanasia using anesthesia include a
squeeze cage with intraperitoneal injection of sodium pentobarbital, inhalant agents (CO, chamber, CO
chamber), and gunshot. In cases where preeuthanasia anesthetics are not available, intraperitoneal
injections of sodium pentobarbital, although slower in producing loss of consciousness, should be
considered preferable over intravenous injection, if restraint will cause increased distress to the animal or
danger to the operator.

Wildlife species may be encountered under a variety of situations. Euthanasia of the same species under
different conditions may require different techniques. Even in a controlled setting, an extremely fractious
large animal may threaten the safety of the practitioner, bystanders, and itself. When safety is in question
and the fractious large animal, whether wild, feral, or domestic, is in close confinement, neuromuscular
blocking agents may be used immediately prior to the use of an acceptable form of euthanasia. For this
technique to be humane, the operator must ensure they will gain control over the animal and perform
euthanasia before distress develops. Succinylcholine is not acceptable as a method of restraint for use in
free-ranging wildlife because animals may not be retrieved rapidly enough to prevent neuromuscular
blocking agent-induced respiratory distress or arrest.’

DISEASED, INJURED, OR LIVE-CAPTURED WILDLIFE OR FERAL SPECIES
Euthanasia of diseased, injured, or live-trapped wildlife should be performed by qualified professionals.
Certain cases of wildlife injury (eg, acute, severe trauma from automobiles) may require immediate
action, and pain and suffering in the animal may be best relieved most rapidly by physical methods
including gunshot or penetrating captive bolt followed by exsanguination.

BIRDS
Many techniques discussed previously in this report are suitable for euthanasia of captive birds
accustomed to human contact. Free-ranging birds may be collected by a number of methods, including
nets and live traps, with subsequent euthanasia. For collection by firearm, shotguns are recommended.
The bird should be killed outright by use of ammunition loads appropriate for the species to be collected.
Wounded birds should be killed quickly by appropriate techniques previously described. Large birds
should be anesthetized prior to euthanasia, using general anesthetics.

Mass euthanasia

Under unusual conditions, such as disease eradication and natural disasters, euthanasia options may be
limited. In these situations, the most appropriate technique that minimizes human and animal health
concerns must be used. These options include, but are not limited to, CO, and physical methods such as
gunshot, penetrating captive bolt, and cervical dislocation.
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CORRECT LOCATION FOR EUTHANASIA OF LIVESTOCK WITH A FIREARM OR CAPTIVE BOLT GUN
(Figures reprinted from Can Vet J 1991; 32: 724-726 with the permission of the
Canadian Veterinary Medical Association)

Cow/Calf i Horse/Donkey

Sheep (with horns)

Sheep (without horns) Pig
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Appendix 1

Agents and methods of euthanasia by species

Species Acceptable* Conditionally acceptable’
Amphibians Barbiturates, inhalant anesthetics (in appropriate Penetrating captive bolt, gunshot,
species), CO,, CO, tricaine methane sulfonate stunning and decapitation,
(TMS, MS 222), benzocaine hydrochloride, double decapitation and pithing.
pithing
Birds Barbiturates, inhalant anesthetics, CO,, CO, N,, Ar, cervical dislocation,
gunshot (free-ranging only) decapitation, thoracic compression
(small, free-ranging only)
Cats Barbiturates, inhalant anesthetics, CO,, CO, N,, Ar
potassium chloride in conjunction with general
anesthesia
Dogs Barbiturates, inhalant anesthetics, CO,, CO, N,, Ar, penetrating captive bolt,
potassium chloride in conjunction with general electrocution
anesthesia
Fish Barbiturates, inhalant anesthetics, CO,, tricaine Decapitation and pithing, stunning and
methane sulfonate (TMS, MS 222), benzocaine decapitation/pithing
hydrochloride, 2-phenoxyethanol
Horses Barbiturates, potassium chloride in conjunction Chloral hydrate (IV, after sedation),

with general anesthesia, penetrating captive bolt

gunshot, electrocution

Marine mammals

Barbiturates, etorphine hydrochloride

Gunshot (cetaceans < 4 meters long)

Mink, fox, and other
mammals produced for fur

Barbiturates, inhalant anesthetics, CO, (mink
require high concentrations for euthanasia without
supplemental agents), CO, potassium chloride in
conjunction with general anesthesia

N, Ar, electrocution followed by
cervical dislocation

Nonhuman primates

Barbiturates

Inhalant anesthetics, CO,, CO, N,, Ar

Rabbits

Barbiturates, inhalant anesthetics, CO,, CO,
potassium chloride in conjunction with general
anesthesia

N,, Ar, cervical dislocation (< 1 kg),
decapitation, penetrating captive bolt

Reptiles

Barbiturates, inhalant anesthetics (in appropriate
species), CO, (in appropriate species)

Penetrating captive bolt, gunshot,
decapitation and pithing, stunning and
decapitation

Rodents and other small
mammals

Barbiturates, inhalant anesthetics, CO,, CO,
potassium chloride in conjunction with general
anesthesia, microwave irradiation

Methoxyflurane, ether, N,, Ar, cervical
dislocation (rats < 200 g), decapitation

Ruminants Barbiturates, potassium chloride in conjunction Chloral hydrate (IV, after sedation),
with general anesthesia, penetrating captive bolt gunshot, electrocution
Swine Barbiturates, CO,, potassium chloride in Inhalant anesthetics, CO, chloral

conjunction with general anesthesia, penetrating
captive bolt

hydrate (IV, after sedation), gunshot,
electrocution, blow to the head (< 3
weeks of age)

700 animals

Barbiturates, inhalant anesthetics, CO,, CO,
potassium chloride in conjunction with general
anesthesia

N,, Ar, penetrating captive bolt,
gunshot

Free-ranging wildlife

Barbiturates IV or IP, inhalant anesthetics,
potassium chloride in conjunction with general
anesthesia

CO,, CO, N,, Ar, penetrating captive
bolt, gunshot, kill traps (scientifically
tested)

* Acceptable methods are those that consistently produce a humane death when used as the sole means of euthanasia.
TConditionally acceptable methods are those techniques that by the nature of the technique or because of greater potential
for operator error or safety hazards might not consistently produce humane death or are methods not well documented in the

scientific literature.
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Appendix 2

Some unacceptable agents and methods of euthanasia

AGENT OR METHOD

COMMENTS

Air embolism

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

Blow to the head

Unacceptable for most species.

Burning

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

Chloral hydrate

Unacceptable in dogs, cats, and small mammals.

Chloroform

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

Cyanide

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

Decompression

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

Drowning

Drowning is not a means of euthanasia and is inhumane.

Exsanguination

Because of the anxiety associated with extreme hypovolemia,
exsanguination should be done only in sedated, stunned, or
anesthetized animals.

Formalin

Direct immersion of an animal into formalin, as a means of
euthanasia, is inhumane.

Household Products and Solvents

Acetone, quaternary compounds (including CCly), laxatives,
clove oil, dimethylketone, quaternary ammonium products,”
acids, and other commercial and household products or solvents
are not acceptable agents for euthanasia.

Hypothermia

Hypothermia is not an appropriate method of euthanasia.

Neuromuscular blocking agents (nicotine,
magnesium sulfate, potassium chloride, all
curariform agents)

When used alone, these drugs all cause respiratory arrest before
unconsciousness, so the animal may perceive pain and distress
after it is immobilized.

Rapid freezing Rapid freezing as a sole means of euthanasia is not considered
to be humane. If used, animals should be anesthetized prior to
freezing.

Strychnine Strychnine causes violent convulsions and painful muscle
contractions.

Stunning Stunning may render an animal unconscious, but it is not a

method of euthanasia (except for neonatal animals with thin
craniums). If used, it must be immediately followed by a
method that ensures death.

Tricaine methane sulfonate (TMS, MS
222)

Should not be used for euthanasia of animals intended as
food.

*Roccal D Plus, Pharmacia & Upjohn, Kalamazoo, Michigan
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PREFACE

At the request of the AVMA Council on Research,
the Executive Board of the AVMA convened a Panel on
Euthanasia in 1999 to review and make necessary revi-
sions to the fifth Panel Report, published in 1993." In
this newest version of the report, the panel has updat-
ed information on euthanasia of animals in research
and animal care and control facilities; expanded infor-
mation on ectothermic, aquatic, and fur-bearing ani-
mals; added information on horses and wildlife; and
deleted methods or agents considered unacceptable.
Because the panels deliberations were based on cur-
rently available scientific information, some euthanasia
methods and agents are not discussed.

Welfare issues are increasingly being identified in
the management of free-ranging wildlife, and the need
for humane euthanasia guidelines in this context is
great. Collection of animals for scientific investiga-
tions, euthanasia of injured or diseased wildlife
species, removal of animals causing damage to proper-
ty or threatening human safety, and euthanasia of ani-
mals in excess population are drawing more public
attention. These issues are acknowledged in this report
and special considerations are described for handling
animals under free-ranging conditions, where their
needs are far different from those of their domestic
counterparts.

This report is intended for use by members of the
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veterinary profession who carry out or oversee the
euthanasia of animals. Although the report may be inter-
preted and understood by a broad segment of the gener-
al population, a veterinarian should be consulted in the
application of these recommendations. The practice of
veterinary medicine is complex and involves diverse ani-
mal species. Whenever possible, a veterinarian experi-
enced with the species in question should be consulted
when selecting the method of euthanasia, particularly
when little species-specific euthanasia research has been
done. Although interpretation and use of this report can-
not be limited, the panel’s overriding commitment is to
give veterinarians guidance in relieving pain and suffer-
ing of animals that are to be euthanatized. The recom-
mendations in this report are intended to serve as guide-
lines for veterinarians who must then use professional
judgment in applying them to the various settings where
animals are to be euthanatized.

INTRODUCTION

The term euthanasia is derived from the Greek
terms eu meaning good and thanatos meaning death.” A
“good death” would be one that occurs with minimal
pain and distress. In the context of this report, euthana-
sia is the act of inducing humane death in an animal. [t
is our responsibility as veterinarians and human beings
to ensure that if an animal’s life is to be taken, it is done
with the highest degree of respect, and with an empha-
sis on making the death as painless and distress free as
possible. Euthanasia techniques should result in rapid
loss of consciousness followed by cardiac or respiratory
arrest and the ultimate loss of brain function. In addi-
tion, the technique should minimize distress and anxi-
ety experienced by the animal prior to loss of con-
sciousness. The panel recognized that the absence of
pain and distress cannot always be achieved. This report
attempts to balance the ideal of minimal pain and dis-
tress with the reality of the many environments in which
euthanasia is performed. A veterinarian with appropriate
training and expertise for the species involved should be
consulted to ensure that proper procedures are used.

Criteria for painless death can be established only
after the mechanisms of pain are understood. Pain is
that sensation (perception) that results from nerve
impulses reaching the cerebral cortex via ascending
neural pathways. Under normal circumstances, these
pathways are relatively specific, but the nervous system
is sufficiently plastic that activation of nociceptive
pathways does not always result in pain and stimula-
tion of other (non-nociceptive) peripheral and central
neurons can give rise to pain. The term nociceptive is
derived from the word noci meaning to injure and cep-
tive meaning to receive, and is used to describe neu-
ronal input caused by noxious stimuli, which threaten
to, or actually do, destroy tissue. These noxious stim-
uli initiate nerve impulses by acting at primary noci-
ceptors and other sensory nerve endings that respond
to noxious and non-noxious stimuli from mechanical,
thermal, or chemical activity. Endogenous chemical
substances such as hydrogen ions, potassium ions, ATP,
serotonin, histamine, bradykinin, and prostaglandins,
as well as electrical currents, are capable of generating
nerve impulses in nociceptor nerve fibers. Activity in

nociceptive pathways can also be triggered in normal-
ly silent receptors that become sensitized by chronic
pain conditions.**

Nerve impulse activity generated by nociceptors is
conducted via nociceptor primary afferent fibers to the
spinal cord or the brainstem where it is transmitted to
two general sets of neural networks. One set is related
to nociceptive reflexes (eg, withdrawal and flexion
reflexes) that are mediated at the spinal level, and the
second set consists of ascending pathways to the retic-
ular formation, hypothalamus, thalamus, and cerebral
cortex (somatosensory cortex and limbic system) for
sensory processing. It is important to understand that
ascending nociceptive pathways are numerous, often
redundant, and are capable of considerable plasticity
under chronic conditions (pathology or injury).
Moreover, even the transmission of nociceptive neural
activity in a given pathway is highly variable. Under
certain conditions, both the nociceptive reflexes and
the ascending pathways may be suppressed, as, for
example, in epidural anesthesia. Under another set of
conditions, nociceptive reflex actions may occur, but
activity in the ascending pathways is suppressed; thus,
noxious stimuli are not perceived as pain. It is incor-
rect to use the term pain for stimuli, receptors, reflex-
es, or pathways because the term implies perception,
whereas all the above may be active without conse-
quential pain perception.*®

Pain is divided into two broad categories: (1) sen-
sory-discriminative, which indicates the site of origin
and the stimulus giving rise to the pain; and (2) moti-
vational-affective in which the severity of the stimulus
is perceived and the animal’s response is determined.
Sensory-discriminative processing of nociceptive
impulses is most likely to be accomplished by subcor-
tical and cortical mechanisms similar to those used for
processing other sensory-discriminative input that pro-
vides the individual with information about the inten-
sity, duration, location, and quality of the stimulus.
Motivational-affective processing involves the ascend-
ing reticular formation for behavioral and cortical
arousal. It also involves thalamic input to the forebrain
and the limbic system for perceptions such as discom-
fort, fear, anxiety, and depression. The motivational-
affective neural networks also have strong inputs to the
limbic system, hypothalamus and the autonomic ner-
vous system for reflex activation of the cardiovascular,
pulmonary, and pituitary-adrenal systems. Responses
activated by these systems feed back to the forebrain
and enhance perceptions derived via motivational-
affective inputs. On the basis of neurosurgical experi-
ence in humans, it is possible to separate the sensory-
discriminative components from the motivational-
affective components of pain.”

For pain to be experienced, the cerebral cortex and
subcortical structures must be functional. If the cere-
bral cortex is nonfunctional because of hypoxia,
depression by drugs, electric shock, or concussion,
pain is not experienced. Therefore, the choice of the
euthanasia agent or method is less critical if it is to be
used on an animal that is anesthetized or unconscious,
provided that the animal does not regain consciousness
prior to death.
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An understanding of the continuum that repre-
sents stress and distress is essential for evaluating tech-
niques that minimize any distress experienced by an
animal being euthanatized. Stress has been defined as
the effect of physical, physiologic, or emotional factors
(stressors) that induce an alteration in an animals
homeostasis or adaptive state.® The response of an ani-
mal to stress represents the adaptive process that is
necessary to restore the baseline mental and physiolog-
ic state. These responses may involve changes in an
animal’s neuroendocrinologic system, autonomic ner-
vous system, and mental status that may result in overt
behavioral changes. An animals response varies
according to its experience, age, species, breed, and
current physiologic and psychologic state.’

Stress and the resulting responses have been divid-
ed into three phases."’ Eustress results when harmless
stimuli initiate adaptive responses that are beneficial to
the animal. Neutral stress results when the animals
response to stimuli causes neither harmful nor benefi-
cial effects to the animal. Distress results when an ani-
mal’s response to stimuli interferes with its well-being
and comfort."

As with many other procedures involving animals,
some methods of euthanasia require physical handling
of the animal. The amount of control and kind of
restraint required will be determined by the animal’s
species, breed, size, state of domestication, degree of
taming, presence of painful injury or disease, degree of
excitement, and method of euthanasia. Proper han-
dling is vital to minimize pain and distress in animals,
to ensure safety of the person performing euthanasia,
and, often, to protect other people and animals.

An in-depth discussion of euthanasia procedures is
beyond the scope of this report; however, personnel
who perform euthanasia must have appropriate certifi-
cation and training, experience with the techniques to
be used, and experience in the humane restraint of the
species of animal to be euthanatized, to ensure that
animal pain and distress are minimized during
euthanasia. Training and experience should include
familiarity with the normal behavior of the species
being euthanatized, an appreciation of how handling
and restraint affects that behavior, and an understand-
ing of the mechanism by which the selected technique
induces loss of consciousness and death. Prior to being
assigned full responsibility for performing euthanasia,
all personnel must have demonstrated proficiency in
the use of the technique in a closely supervised envi-
ronment. References provided at the end of this docu-
ment may be useful for training personnel.’**

Selection of the most appropriate method of
euthanasia in any given situation depends on the
species of animal involved, available means of animal
restraint, skill of personnel, number of animals, and
other considerations. Available information focuses
primarily on domestic animals, but the same general
considerations should be applied to all species.

This report includes four appendices that summa-
rize information from the text. Appendix 1 lists accept-
able and conditionally acceptable methods of euthana-
sia, categorized by species. Appendices 2 and 3 provide
summaries of characteristics for acceptable and condi-

tionally acceptable methods of euthanasia. Appendix 4
provides a summary of some unacceptable euthanasia
agents and methods. Criteria used for acceptable, con-
ditionally acceptable, and unacceptable methods are as
follows: acceptable methods are those that consistently
produce a humane death when used as the sole means
of euthanasia; conditionally acceptable methods are
those techniques that by the nature of the technique or
because of greater potential for operator error or safety
hazards might not consistently produce humane death
or are methods not well documented in the scientific
literature; and unacceptable techniques are those
methods deemed inhumane under any conditions or
that the panel found posed a substantial risk to the
human applying the technique. The report also
includes discussion of several adjunctive methods,
which are those methods that cannot be used as the
sole method of euthanasia, but that can be used in con-
junction with other methods to produce a humane
death.

GENERAL CONSIDERATIONS

In evaluating methods of euthanasia, the panel
used the following criteria: (1) ability to induce loss of
consciousness and death without causing pain, dis-
tress, anxiety, or apprehension; (2) time required to
induce loss of consciousness; (3) reliability; (4) safety
of personnel; (5) irreversibility; (6) compatibility with
requirement and purpose; (7) emotional effect on
observers or operators; (8) compatibility with subse-
quent evaluation, examination, or use of tissue; (9)
drug availability and human abuse potential; (10) com-
patibility with species, age, and health status; (11) abil-
ity to maintain equipment in proper working order;
and (12) safety for predators/scavengers should the
carcass be consumed.

The panel discussed the definition of euthanasia
used in this report as it applies to circumstances when
the degree of control over the animal makes it difficult
to ensure death without pain and distress. Slaughter of
animals for food, fur, or fiber may represent such situ-
ations. However, the same standards for euthanasia
should be applied to the killing of animals for food, fur,
or fiber, and wildlife or feral animals. Animals intend-
ed for food should be slaughtered humanely, taking
into account any special requirements of the US
Department of Agriculture.”” Painless death can be
achieved by properly stunning the animal, followed
immediately by exsanguination. Handling of animals
prior to slaughter should be as stress free as possible.
Electric prods or other devices should not be used to
encourage movement of animals and are not needed if
chutes and ramps are properly designed to enable ani-
mals to be moved and restrained without undue
stress.”**” Animals must not be restrained in a painful
position before slaughter.

Ethical considerations that must be addressed
when euthanatizing healthy and unwanted animals
reflect professional and societal concerns.®®” These
issues are complex and warrant thorough considera-
tion by the profession and all those concerned with the
welfare of animals. Whereas the panel recognizes the
need for those responsible for the euthanasia of ani-
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mals to be cognizant of these issues, it does not believe
that this report is the appropriate forum for an in-
depth discussion of this topic.

It is the intent of the panel that euthanasia be per-
formed in accordance with applicable federal, state, and
local laws governing drug acquisition and storage, occu-
pational safety, and methods used for euthanasia and
disposal of animals. However, space does not permit a
review of current federal, state, and local regulations.

The panel is aware that circumstances may arise
that are not clearly covered by this report. Whenever
such situations arise, a veterinarian experienced with
the species should use professional judgment and
knowledge of clinically acceptable techniques in select-
ing an appropriate euthanasia technique. Professional
judgment in these circumstances will take into consid-
eration the animal’s size and its species-specific physi-
ologic and behavioral characteristics. In all circum-
stances, the euthanasia method should be selected and
used with the highest ethical standards and social con-
science.

It is imperative that death be verified after
euthanasia and before disposal of the animal. An ani-
mal in deep narcosis following administration of an
injectable or inhalant agent may appear dead, but
might eventually recover. Death must be confirmed by
examining the animal for cessation of vital signs, and
consideration given to the animal species and method
of euthanasia when determining the criteria for con-
firming death.

ANIMAL BEHAVIORAL CONSIDERATIONS

The need to minimize animal distress, including
fear, anxiety, and apprehension, must be considered in
determining the method of euthanasia. Gentle restraint
(preferably in a familiar and safe environment), careful
handling, and talking during euthanasia often have a
calming effect on animals that are used to being han-
dled. Sedation and/or anesthesia may assist in achiev-
ing the best conditions for euthanasia. It must be rec-
ognized that any sedatives or anesthetics given at this
stage that change circulation may delay the onset of the
euthanasia agent. Preparation of observers should also
be taken into consideration.

Animals that are wild, feral, injured, or already dis-
tressed from disease pose another challenge. Methods
of pre-euthanasia handling suitable for domestic ani-
mals may not be effective for them. Because handling
may stress animals unaccustomed to human contact
(eg, wildlife, zoo, and feral species), the degree of
restraint required to perform any euthanasia procedure
should be considered when evaluating various meth-
ods. When handling these animals, calming may be
accomplished by minimizing visual, auditory, and tac-
tile stimulation. When struggling during capture or
restraint may cause pain, injury, or anxiety to the ani-
mal or danger to the operator, the use of tranquilizers,
analgesics, and/or anesthetics may be necessary. A
route of injection should be chosen that causes the
least distress in the animal for which euthanasia must
be performed. Various techniques for oral delivery of
sedatives to dogs and cats have been described that
may be useful under these circumstances.*”

Facial expressions and body postures that indicate
various emotional states of animals have been
described for some species.”* Behavioral and physio-
logic responses to noxious stimuli include distress
vocalization, struggling, attempts to escape, defensive
or redirected aggression, salivation, urination, defeca-
tion, evacuation of anal sacs, pupillary dilatation,
tachycardia, sweating, and reflex skeletal muscle con-
tractions causing shivering, tremors, or other muscular
spasms. Unconscious as well as conscious animals are
capable of some of these responses. Fear can cause
immobility or “playing dead” in certain species, partic-
ularly rabbits and chickens. This immobility response
should not be interpreted as loss of consciousness
when the animal is, in fact, conscious. Distress vocal-
izations, fearful behavior, and release of certain odors
or pheromones by a frightened animal may cause anx-
iety and apprehension in other animals. Therefore, for
sensitive species, it is desirable that other animals not
be present when individual animal euthanasia is per-
formed.

HUMAN BEHAVIORAL CONSIDERATIONS

When animals must be euthanatized, either as
individuals or in larger groups, moral and ethical con-
cerns dictate that humane practices be observed.
Human psychologic responses to euthanasia of animals
need to be considered, with grief at the loss of a life as
the most common reaction.”® There are six circum-
stances under which we are most aware of the effects of
animal euthanasia on people.

The first of these is the veterinary clinical setting
where owners have to make decisions about whether
and when to euthanatize. Although many owners rely
heavily on their veterinarian’s judgment, others may
have misgivings about making their own decision. This
is particularly likely if an owner feels responsible for
allowing an animal’s medical or behavioral problem to
go unattended so that euthanasia becomes necessary.
When owners choose to be present during euthanasia,
they should be prepared for what will happen. What
drugs are being used and how the animal could
respond should be discussed. Behaviors such as vocal-
ization, muscle twitches, failure of the eyelids to close,
urination, or defecation can be distressing. Counseling
services for grieving owners are now available in some
communities® and telephone counseling is available
through some veterinary schools.””"' Owners are not
the only people affected by euthanasia of animals.
Veterinarians and their staffs may also become attached
to patients they have known and treated for many years
and may continue to struggle with the ethical implica-
tions of ending an animal’s life.

The second is animal care and control facilities
where unwanted, homeless, diseased, and injured ani-
mals must be euthanatized in large numbers. Distress
may develop among personnel directly involved in per-
forming euthanasia repeatedly. Emotional uneasiness,
discomfort, or distress experienced by people involved
with euthanasia of animals may be minimized. The
person performing euthanasia must be technically pro-
ficient, use humane handling methods, understand the
reasons for euthanasia, and be familiar with the
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method of euthanasia being employed (ie, what is
going to happen to the animal). When the person is
not knowledgeable about what to expect, he or she
may mistakenly interpret any movement of animals as
consciousness and a lack of movement as loss of con-
sciousness. Methods that preclude movement of ani-
mals are more aesthetically acceptable to most techni-
cal staff even though lack of movement is not an ade-
quate criterion for evaluating euthanasia techniques.
Constant exposure to, or participation in, euthanasia
procedures can cause a psychologic state characterized
by a strong sense of work dissatisfaction or alienation,
which may be expressed by absenteeism, belligerence,
or careless and callous handling of animals.” This is
one of the principal reasons for turnover of employees
directly involved with repeated animal euthanasia.
Management should be aware of potential personnel
problems related to animal euthanasia and determine
whether it is necessary to institute a program to pre-
vent, decrease, or eliminate this problem. Specific cop-
ing strategies can make the task more tolerable. Some
strategies include adequate training programs so that
euthanasia is performed competently, peer support in
the workplace, professional support as necessary,
focusing on animals that are successfully adopted or
returned to owners, devoting some work time to edu-
cational activities, and providing time off when work-
ers feel stressed.

The third setting is the laboratory. Researchers,
technicians, and students may become attached to ani-
mals that must be euthanatized.” The same considera-
tions afforded pet owners or shelter employees should
be provided to those working in laboratories.

The fourth situation is wildlife control. Wildlife
biologists, wildlife managers, and wildlife health pro-
fessionals are often responsible for euthanatizing ani-
mals that are injured, diseased, in excessive number, or
that threaten property or human safety. Although relo-
cation of some animals is appropriate and attempted,
relocation is often only a temporary solution to a larg-
er problem. People who must deal with these animals,
especially under public pressure to save the animals
rather than destroy them, can experience extreme dis-
tress and anxiety.

The fifth setting is livestock and poultry slaughter
facilities. The large number of animals processed daily
can take a heavy toll on employees physically and emo-
tionally. Federal and state agricultural employees may
also be involved in mass euthanasia of poultry and
livestock in the face of disease outbreaks, bioterrorism,
and natural disasters.

The last situation is public exposure. Because
euthanasia of zoo animals, animals involved in road-
side or racetrack accidents, stranded marine animals,
nuisance or injured wildlife, and others can draw
public attention, human attitudes and responses
should be considered whenever animals are euthana-
tized. Natural disasters and foreign animal disease
programs also present public challenges. These con-
siderations, however, should not outweigh the pri-
mary responsibility of using the most rapid and pain-
less euthanasia method possible under the circum-
stances.

MODES OF ACTION OF EUTHANATIZING
AGENTS

Euthanatizing agents cause death by three basic
mechanisms: (1) hypoxia, direct or indirect; (2) direct
depression of neurons necessary for life function; and
(3) physical disruption of brain activity and destruc-
tion of neurons necessary for life.

Agents that induce death by direct or indirect
hypoxia can act at various sites and can cause loss of
consciousness at different rates. For death to be pain-
less and distress-free, loss of consciousness should pre-
cede loss of motor activity (muscle movement). Loss of
motor activity, however, cannot be equated with loss of
consciousness and absence of distress. Thus, agents
that induce muscle paralysis without loss of con-
sciousness are not acceptable as sole agents for
euthanasia (eg, depolarizing and nondepolarizing mus-
cle relaxants, strychnine, nicotine, and magnesium
salts). With other techniques that induce hypoxia,
some animals may have motor activity following loss of
consciousness, but this is reflex activity and is not per-
ceived by the animal.

A second group of euthanatizing agents depress
nerve cells of the brain, inducing loss of consciousness
followed by death. Some of these agents release inhibi-
tion of motor activity during the first stage of anesthe-
sia, resulting in a so-called excitement or delirium
phase, during which there may be vocalization and
some muscle contraction. These responses do not
appear to be purposeful. Death follows loss of con-
sciousness, and is attributable to cardiac arrest and/or
hypoxemia following direct depression of respiratory
centers.

Physical disruption of brain activity, caused by
concussion, direct destruction of the brain, or electri-
cal depolarization of neurons, induces rapid loss of
consciousness. Death occurs because of destruction of
midbrain centers controlling cardiac and respiratory
activity or as a result of adjunctive methods (eg, exsan-
guination) used to kill the animal. Exaggerated mus-
cular activity can follow loss of consciousness and,
although this may disturb some observers, the animal
is not experiencing pain or distress.

INHALANT AGENTS

Any gas that is inhaled must reach a certain con-
centration in the alveoli before it can be effective;
therefore, euthanasia with any of these agents takes
some time. The suitability of a particular agent
depends on whether an animal experiences distress
between the time it begins to inhale the agent and the
time it loses consciousness. Some agents may induce
convulsions, but these generally follow loss of con-
sciousness. Agents inducing convulsions prior to loss
of consciousness are unacceptable for euthanasia.

Certain considerations are common to all inhalant
agents. (1) In most cases, onset of loss of conscious-
ness is more rapid, and euthanasia more humane, if the
animal is rapidly exposed to a high concentration of
the agent. (2) The equipment used to deliver and
maintain this high concentration must be in good
working order and in compliance with state and feder-
al regulations. Leaky or faulty equipment may lead to
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slow, distressful death and be hazardous to other ani-
mals and to personnel. (3) Most of these agents are
hazardous to personnel because of the risk of explo-
sions (eg, ether), narcosis (eg, halothane), hypoxemia
(eg, nitrogen and carbon monoxide), addiction (eg,
nitrous oxide), or health effects resulting from chronic
exposure (eg, nitrous oxide and carbon monoxide). (4)
Alveolar concentrations rise slowly in an animal with
decreased ventilation, making agitation more likely
during induction. Other noninhalant methods of
euthanasia should be considered for such animals. (5)
Neonatal animals appear to be resistant to hypoxia,
and because all inhalant agents ultimately cause
hypoxia, neonatal animals take longer to die than
adults. Glass et al,* reported that newborn dogs, rab-
bits, and guinea pigs survived a nitrogen atmosphere
much longer than did adults. Dogs, at 1 week old, sur-
vived for 14 minutes compared with a 3-minute sur-
vival time after a few weeks of age. Guinea pigs sur-
vived for 4.5 minutes at 1 day old, compared with 3
minutes at 8 days or older. Rabbits survived for 13
minutes at 6 days old, 4 minutes at 14 days, and 1.5
minutes at 19 days and older. The panel recommends
that inhalant agents not be used alone in animals less
than 16 weeks old except to induce loss of conscious-
ness, followed by the use of some other method to kill
the animal. (6) Rapid gas flows can produce a noise
that frightens animals. If high flows are required, the
equipment should be designed to minimize noise. (7)
Animals placed together in chambers should be of the
same species, and, if needed, should be restrained 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 distress animals subse-
quently euthanatized. (8) Reptiles, amphibians, and
diving birds and mammals have a great capacity for
holding their breath and anaerobic metabolism.
Therefore, induction of anesthesia and time to loss of
consciousness when using inhalants may be greatly
prolonged. Other techniques may be more appropriate
for these species.

Inhalant anesthetics

Inhalant anesthetics (eg, ether, halothane,
methoxyflurane, isoflurane, sevoflurane, desflurane,
and enflurane) have been used to euthanatize many
species.” Halothane induces anesthesia rapidly and is
the most effective inhalant anesthetic for euthanasia.
Enflurane is less soluble in blood than halothane, but,
because of its lower vapor pressure and lower potency,
induction rates may be similar to those for halothane.
At deep anesthetic planes, animals may seizure. It is an
effective agent for euthanasia, but the associated
seizure activity may be disturbing to personnel.
Isoflurane is less soluble than halothane, and it should
induce anesthesia more rapidly. However, it has a
slightly pungent odor and animals often hold their
breath, delaying onset of loss of consciousness.
Isoflurane also may require more drug to kill an ani-
mal, compared with halothane. Although isoflurane is
acceptable as a euthanasia agent, halothane is pre-
ferred. Sevoflurane is less soluble than halothane and
does not have an objectionable odor. It is less potent

than isoflurane or halothane and has a lower vapor
pressure. Anesthetic concentrations can be achieved
and maintained rapidly. Desflurane is currently the
least soluble potent inhalant anesthetic, but the vapor
is quite pungent, which may slow induction. This drug
is so volatile that it could displace oxygen (O,) and
induce hypoxemia during induction if supplemental
O, is not provided. Methoxyflurane is highly soluble,
and slow anesthetic induction with its use may be
accompanied by agitation. It is a conditionally accept-
able agent for euthanasia in rodents.” Ether has high
solubility in blood and induces anesthesia slowly. It is
irritating to the eyes and nose, poses serious risks asso-
ciated with its flammability and explosiveness, and has
been used to create a model for stress."*

With inhalant anesthetics, the animal can be
placed in a closed receptacle containing cotton or
gauze soaked with an appropriate amount of the anes-
thetic,” or the anesthetic can be introduced from a
vaporizer. The latter method may be associated with a
longer induction time. Vapors are inhaled until respi-
ration ceases and death ensues. Because the liquid state
of most inhalant anesthetics is irritating, animals
should be exposed only to vapors. Also, sufficient air
or O, must be provided during the induction period to
prevent hypoxemia.” In the case of small rodents
placed in a large container, there will be sufficient O,
in the chamber to prevent hypoxemia. Larger species
placed in small containers may need supplemental air
or 0,.”

Nitrous oxide (N;O) may be used with other
inhalants to speed the onset of anesthesia, but alone it
does not induce anesthesia in animals, even at 100%
concentration. When used by itself, N,O produces
hypoxemia before respiratory or cardiac arrest. As a
result, animals may become distressed prior to loss of
consciousness.

Occupational exposure to inhalant anesthetics
constitutes a human health hazard. Spontaneous abor-
tion and congenital abnormalities have been associated
with exposure of women to trace amounts of inhala-
tion anesthetic agents during early stages of pregnan-
cy.” Regarding human exposure to inhalant anesthet-
ics, the concentrations of halothane, enflurane, and
isoflurane should be less than 2 ppm, and less than 25
ppm for nitrous oxide.” There are no controlled stud-
ies proving that such concentrations of anesthetics are
safe, but these concentrations were established because
they were found to be attainable under hospital condi-
tions. Effective procedures must be used to protect per-
sonnel from anesthetic vapors.

Advantages— (1) Inhalant anesthetics are particu-
larly valuable for euthanasia of smaller animals (< 7
kg) or for animals in which venipuncture may be diffi-
cult. (2) Halothane, enflurane, isoflurane, sevoflurane,
desflurane, methoxyflurane, and N,O are nonflamma-
ble and nonexplosive under ordinary environmental
conditions.

Disadvantages— (1) Animals may struggle and
become anxious during induction of anesthesia
because anesthetic vapors may be irritating and can
induce excitement. (2) Ether is flammable and explo-
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sive. Explosions have occurred when animals, eutha-
natized with ether, were placed in an ordinary (not
explosion proof) refrigerator or freezer and when
bagged animals were placed in an incinerator. (3)
Induction with methoxyflurane is unacceptably slow
in some species. (4) Nitrous oxide will support com-
bustion. (5) Personnel and animals can be injured by
exposure to these agents. (6) There is a potential for
human abuse of some of these drugs, especially N,O.

Recommendations—In order of preference,
halothane, enflurane, isoflurane, sevoflurane,
methoxyflurane, and desflurane, with or without
nitrous oxide, are acceptable for euthanasia of small
animals (< 7 kg). Ether should only be used in care-
fully controlled situations in compliance with state and
federal occupational health and safety regulations. It is
conditionally acceptable. Nitrous oxide should not be
used alone, pending further scientific studies on its
suitability for animal euthanasia. Although acceptable,
these agents are generally not used in larger animals
because of their cost and difficulty of administration.

Carbon dioxide

Room air contains 0.04% carbon dioxide (CO,),
which is heavier than air and nearly odorless.
Inhalation of CO, at a concentration of 7.5% increases
the pain threshold, and higher concentrations of CO,
have a rapid anesthetic effect.”**®

Leake and Waters® reported the experimental use
of CO; as an anesthetic agent for dogs. At concentra-
tions of 30% to 40% CO, in O,, anesthesia was induced
within 1 to 2 minutes, usually without struggling,
retching, or vomiting. For cats, inhalation of 60% CO,
results in loss of consciousness within 45 seconds, and
respiratory arrest within 5 minutes.” Signs of effective
CO, anesthesia are those associated with deep surgical
anesthesia, such as loss of withdrawal and palpebral
reflexes.” Time to loss of consciousness is decreased by
use of higher concentrations of CO, with an 80 to
100% concentration providing anesthesia in 12 to 33
seconds in rats and 70% CO, in O, inducing anesthe-
sia in 40 to 50 seconds.* Time to loss of conscious-
ness will be longer if the concentration is increased
slowly rather than immersing the animal in the full
concentration immediately.

Several investigators have suggested that inhala-
tion of high concentrations of CO, may be distressing
to animals,”® because the gas dissolves in moisture on
the nasal mucosa. The resulting product, carbonic acid,
may stimulate nociceptors in the nasal mucosa. Some
humans exposed to concentrations of around 50% CO,
report that inhaling the gas is unpleasant and that
higher concentrations are noxious.”* A brief study of
swine examined the aversive nature of CO, exposure®
and found that 90% CO, was aversive to pigs while
30% was not. For rats, exposure to increasing concen-
trations of CO, (33% achieved after 1 minute) in their
home cage produced no evident stress as measured by
behavior and ACTH, glucose, and corticosterone con-
centrations in serum.”

Carbon dioxide has been used to euthanatize
groups of small laboratory animals, including mice,

>176 and to ren-

22,63, 64

rats, guinea pigs, chickens, and rabbits,
der swine unconscious before humane slaughter.
The combination of 40% CO, and approximately 3%
CO has been used experimentally for euthanasia of
dogs.” Carbon dioxide has been used in specially
designed chambers to euthanatize individual cats™"
and other small laboratory animals.’""*"

Studies of 1-day-old chickens have revealed that
CO, is an effective euthanatizing agent. Inhalation of
CO, caused little distress to the birds, suppressed ner-
vous activity, and induced death within 5 minutes.”
Because respiration begins during embryonic develop-
ment, the unhatched chickens environment may nor-
mally have a CO, concentration as high as 14%. Thus,
CO; concentrations for euthanasia of newly hatched
chickens and neonates of other species should be espe-
cially high. A CO, concentration of 60% to 70% with a
5-minute exposure time appears to be optimal.”

In studies of mink, high concentrations of CO,
would kill them quickly, but a 70% CO, concentration
induced loss of consciousness without killing them.*
Some burrowing animals, such as rabbits of the species
Oryctolagus, also have prolonged survival times when
exposed to CO,.* Some burrowing and diving animals
have physiologic mechanisms for coping with hyper-
capnia. Therefore, it is necessary to have a sufficient
concentration of CO, to kill the animal by hypoxemia
following induction of anesthesia with CO,.

Advantages— (1) The rapid depressant, analgesic,
and anesthetic effects of CO, are well established. (2)
Carbon dioxide is readily available and can be pur-
chased in compressed gas cylinders. (3) Carbon diox-
ide is inexpensive, nonflammable, nonexplosive, and
poses minimal hazard to personnel when used with
properly designed equipment. (4) Carbon dioxide does
not result in accumulation of tissue residues in food-
producing animals. (5) Carbon dioxide euthanasia
does not distort murine cholinergic markers® or corti-
costerone concentrations.”

Disadvantages— (1) Because CO, is heavier than
air, incomplete filling of a chamber may permit ani-
mals to climb or raise their heads above the higher
concentrations and avoid exposure. (2) Some
species, such as fish and burrowing and diving
mammals, may have extraordinary tolerance for
CO;. (3) Reptiles and amphibians may breathe too
slowly for the use of CO,. (4) Euthanasia by expo-
sure to CO, may take longer than euthanasia by
other means.” (5) Induction of loss of consciousness
at lower concentrations (< 80%) may produce pul-
monary and upper respiratory tract lesions.”* (6)
High concentrations of CO, may be distressful to
some animals.

Recommendations—Carbon dioxide is acceptable
for euthanasia in appropriate species (Tables 1 and 2).
Compressed CO, gas in cylinders is the only recom-
mended source of carbon dioxide because the inflow to
the chamber can be regulated precisely. Carbon dioxide
generated by other methods such as from dry ice, fire
extinguishers, or chemical means (eg, antacids) is
unacceptable. Species should be separated and cham-
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bers should not be overcrowded. With an animal in the
chamber, an optimal flow rate should displace at least
20% of the chamber volume per minute.*” Loss of con-
sciousness may be induced more rapidly by exposing
animals to a CO, concentration of 70% or more by pre-
filling the chamber for species in which this has not
been shown to cause distress. Gas flow should be
maintained for at least 1 minute after apparent clinical
death.* It is important to verify that an animal is dead
before removing it from the chamber. If an animal is
not dead, CO, narcosis must be followed with another
method of euthanasia. Adding O, to the CO, may or
may not preclude signs of distress.”* Additional O,
will, however, prolong time to death and may compli-
cate determination of consciousness. There appears to
be no advantage to combining O, with carbon dioxide
for euthanasia.”

Nitrogen, argon

Nitrogen (N,) and argon (Ar) are colorless, odor-
less gases that are inert, nonflammable, and nonexplo-
sive. Nitrogen comprises 78% of atmospheric air,
whereas Ar comprises less than 1%.

Euthanasia is induced by placing the animal in a
closed container that has been prefilled with N, or Ar
or into which the gas is then rapidly introduced.
Nitrogen/Ar displaces O,, thus inducing death by
hypoxemia.

In studies by Herin et al,*® dogs became uncon-
scious within 76 seconds when a N, concentration of
98.5% was achieved in 45 to 60 seconds. The elec-
troencephalogram (EEG) became isoelectric (flat) in a
mean time of 80 seconds, and arterial blood pressure
was undetectable at 204 seconds. Although all dogs
hyperventilated prior to loss of consciousness, the
investigators concluded that this method induced
death without pain. Following loss of consciousness,
vocalization, gasping, convulsions, and muscular
tremors developed in some dogs. At the end of a 5-
minute exposure period, all dogs were dead.” These
findings were similar to those for rabbits* and mink.*®

With N, flowing at a rate of 39% of chamber vol-
ume per minute, rats collapsed in approximately 3
minutes and stopped breathing in 5 to 6 minutes.
Regardless of flow rate, signs of panic and distress were
evident before the rats collapsed and died.”
Insensitivity to pain under such circumstances is ques-
tionable.”

Tranquilization with acepromazine, in conjunc-
tion with N, euthanasia of dogs, was investigated by
Quine et al.” Using ECG and EEG recordings, they
found these dogs had much longer survival times than
dogs not given acepromazine before administration of
N,. In one dog, ECG activity continued for 51 minutes.
Quine also addressed distress associated with exposure
to N, by removing cats and dogs from the chamber fol-
lowing loss of consciousness and allowing them to
recover. When these animals were put back into the
chamber, they did not appear afraid or apprehensive.

Investigations into the aversiveness of Ar to swine
and poultry have revealed that these animals will toler-
ate breathing 90% Ar with 2% 0,.*"" Swine voluntari-
ly entered a chamber containing this mixture, for a

food reward, and only withdrew from the chamber as
they became ataxic. They reentered the chamber
immediately to continue eating. Poultry also entered a
chamber containing this mixture for a food reward and
continued eating until they collapsed.” When Ar was
used to euthanatize chickens, exposure to a chamber
prefilled with Ar, with an O, concentration of < 2%, led
to EEG changes and collapse in 9 to 12 seconds. Birds
removed from the chamber at 15 to 17 seconds failed
to respond to comb pinching. Continued exposure led
to convulsions at 20 to 24 seconds. Somatosensory-
evoked potentials were lost at 24 to 34 seconds, and
the EEG became isoelectric at 57 to 66 seconds.
Convulsion onset was after loss of consciousness (col-
lapse and loss of response to comb pinch), so this
would appear to be a humane method of euthanasia for
chickens.” Despite the availability of some informa-
tion, there is still much about the use of N,/Ar that
needs to be investigated.

Advantages— (1) Nitrogen and Ar are readily avail-
able as compressed gases. (2) Hazards to personnel are
minimal.

Disadvantages— (1) Loss of consciousness is pre-
ceded by hypoxemia and ventilatory stimulation,
which may be distressing to the animal. (2)
Reestablishing a low concentration of O, (ie, 6% or
greater) in the chamber before death will allow imme-
diate recovery.”

Recommendations—Nitrogen and Ar can be dis-
tressful to some species (eg, rats).” Therefore, this
technique is conditionally acceptable only if O, con-
centrations < 2% are achieved rapidly, and animals are
heavily sedated or anesthetized. With heavy sedation
or anesthesia, it should be recognized that death may
be delayed. Although N, and Ar are effective, other
methods of euthanasia are preferable.

Carbon monoxide

Carbon monoxide (CO) is a colorless, odorless gas
that is nonflammable and nonexplosive unless concen-
trations exceed 10%. It combines with hemoglobin to
form carboxyhemoglobin and blocks uptake of O, by
erythrocytes, leading to fatal hypoxemia.

In the past, mass euthanasia has been accom-
plished by use of 3 methods for generating CO: (1)
chemical interaction of sodium formate and sulfuric
acid, (2) exhaust fumes from idling gasoline internal
combustion engines, and (3) commercially compressed
CO in cylinders. The first 2 techniques are associated
with problems such as production of other gases,
achieving inadequate concentrations of carbon monox-
ide, inadequate cooling of the gas, and maintenance of
equipment. Therefore, the only acceptable source is
compressed CO in cylinders.

In a study by Ramsey and Eilmann,” 8% CO
caused guinea pigs to collapse in 40 seconds to 2 min-
utes, and death occurred within 6 minutes. Carbon
monoxide has been used to euthanatize mink**® and
chinchillas. These animals collapsed in 1 minute,
breathing ceased in 2 minutes, and the heart stopped
beating in 5 to 7 minutes.
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In a study evaluating the physiologic and behav-
ioral characteristics of dogs exposed to 6% CO in air,
Chalifoux and Dallaire® could not determine the pre-
cise time of loss of consciousness. Electroenceph-
alographic recordings revealed 20 to 25 seconds of
abnormal cortical function prior to loss of conscious-
ness. It was during this period that the dogs became
agitated and vocalized. It is not known whether ani-
mals experience distress; however, humans in this
phase reportedly are not distressed.” Subsequent stud-
ies have revealed that tranquilization with acepro-
mazine significantly decreases behavioral and physio-
logic responses of dogs euthanatized with CO.”

In a comparative study, CO from gasoline engine
exhaust and 70% CO, plus 30% O, were used to eutha-
natize cats. Euthanasia was divided into 3 phases.
Phase I was the time from initial contact to onset of
clinical signs (eg, yawning, staggering, or trembling).
Phase II extended from the end of phase I until recum-
bency, and phase III from the end of phase II until
death.” The study revealed that signs of agitation
before loss of consciousness were greatest with CO,
plus O,. Convulsions occurred during phases II and I
with both methods. However, when the euthanasia
chamber was prefilled with CO (ie, exhaust fumes),
convulsions did not occur in phase III. Time to com-
plete immobilization was greater with CO, plus O,
(approximately 90 seconds) than with CO alone
(approximately 56 seconds).* In neonatal pigs, excita-
tion was more likely to precede loss of consciousness if
the pigs were exposed to a rapid rise in CO concentra-
tion. This agitation was reduced at lower flow rates, or
when CO was combined with nitrogen.*

In people, the most common symptoms of early
CO toxicosis are headache, dizziness, and weakness.
As concentrations of carboxyhemoglobin increase,
these signs may be followed by decreased visual acuity,
tinnitus, nausea, progressive depression, confusion,
and collapse.” Because CO stimulates motor centers in
the brain, loss of consciousness may be accompanied
by convulsions and muscular spasms.

Carbon monoxide is a cumulative poison.”
Distinct signs of CO toxicosis are not evident until the
CO concentration is 0.05% in air, and acute signs do
not develop until the CO concentration is approxi-
mately 0.2% in air. In humans, exposure to 0.32% CO
and 0.45% CO for one hour will induce loss of con-
sciousness and death, respectively.'” Carbon monoxide
is extremely hazardous for personnel because it is
highly toxic and difficult to detect. Chronic exposure
to low concentrations of carbon monoxide may be a
health hazard, especially with regard to cardiovascular
disease and teratogenic effects."”'® An efficient
exhaust or ventilatory system is essential to prevent
accidental exposure of humans.

Advantages— (1) Carbon monoxide induces loss of
consciousness without pain and with minimal discernible
discomfort. (2) Hypoxemia induced by CO is insidious,
so that the animal appears to be unaware. (3) Death
occurs rapidly if concentrations of 4 to 6% are used.

Disadvantages— (1) Safeguards must be taken to
prevent exposure of personnel. (2) Any electrical

equipment exposed to CO (eg, lights and fans) must be
explosion proof.

Recommendations—Carbon monoxide used for
individual animal or mass euthanasia is acceptable
for dogs, cats, and other small mammals, provided
that commercially compressed CO is used and the
following precautions are taken: (1) personnel using
CO must be instructed thoroughly in its use and
must understand its hazards and limitations; (2) the
CO chamber must be of the highest quality con-
struction and should allow for separation of individ-
ual animals; (3) the CO source and chamber must be
located in a well-ventilated environment, preferably
out of doors; (4) the chamber must be well lit and
have view ports that allow personnel direct observa-
tion of animals; (5) the CO flow rate should be ade-
quate to rapidly achieve a uniform CO concentra-
tion of at least 6% after animals are placed in the
chamber, although some species (eg, neonatal pigs)
are less likely to become agitated with a gradual rise
in CO concentration;”® and (6) if the chamber is
inside a room, CO monitors must be placed in the
room to warn personnel of hazardous concentra-
tions. It is essential that CO use be in compliance
with state and federal occupational health and safe-
ty regulations.

NONINHALANT PHARMACEUTICAL
AGENTS

The use of injectable euthanasia agents is the most
rapid and reliable method of performing euthanasia. It
is the most desirable method when it can be performed
without causing fear or distress in the animal. When
the restraint necessary for giving an animal an intra-
venous injection would impart added distress to the
animal or pose undue risk to the operator, sedation,
anesthesia, or an acceptable alternate route of adminis-
tration should be employed. Aggressive, fearful, wild,
or feral animals should be sedated or given a nonpara-
lytic immobilizing agent prior to intravenous adminis-
tration of the euthanasia agent.

When intravenous administration is considered
impractical or impossible, intraperitoneal administra-
tion of a nonirritating euthanasia agent is acceptable,
provided the drug does not contain neuromuscular
blocking agents. Intracardiac injection is acceptable
only when performed on heavily sedated, anesthetized,
or comatose animals. It is not considered acceptable in
awake animals, owing to the difficulty and unpre-
dictability of performing the injection accurately.
Intramuscular, subcutaneous, intrathoracic, intrapul-
monary, intrahepatic, intrarenal, intrasplenic, intrathe-
cal, and other nonvascular injections are not acceptable
methods of administering injectable euthanasia agents.

When injectable euthanasia agents are adminis-
tered into the peritoneal cavity, animals may be slow to
pass through stages I and II of anesthesia. Accordingly,
they should be placed in small cages in a quiet area to
minimize excitement and trauma.

Barbituric acid derivatives
Barbiturates depress the central nervous system in
descending order, beginning with the cerebral cortex,
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with loss of consciousness progressing to anesthesia.
With an overdose, deep anesthesia progresses to apnea,
owing to depression of the respiratory center, which is
followed by cardiac arrest.

All barbituric acid derivatives used for anesthesia
are acceptable for euthanasia when administered intra-
venously. There is a rapid onset of action, and loss of
consciousness induced by barbiturates results in mini-
mal or transient pain associated with venipuncture.
Desirable barbiturates are those that are potent, long-
acting, stable in solution, and inexpensive. Sodium
pentobarbital best fits these criteria and is most widely
used, although others such as secobarbital are also
acceptable.

Advantages— (1) A primary advantage of barbitu-
rates is speed of action. This effect depends on the
dose, concentration, route, and rate of the injection.
(2) Barbiturates induce euthanasia smoothly, with
minimal discomfort to the animal. (3) Barbiturates
are less expensive than many other euthanasia
agents.

Disadvantages— (1) Intravenous injection is neces-
sary for best results and requires trained personnel. (2)
Each animal must be restrained. (3) Current federal
drug regulations require strict accounting for barbitu-
rates and these must be used under the supervision of
personnel registered with the US Drug Enforcement
Administration (DEA). (4) An aesthetically objection-
able terminal gasp may occur in unconscious animals.
(5) These drugs tend to persist in the carcass and may
cause sedation or even death of animals that consume
the body.

Recommendations—The advantages of using barbi-
turates for euthanasia in small animals 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.
Intraperitoneal injection may be used in situations
when an intravenous injection would be distressful or
even dangerous. Intracardiac injection must only be
used if the animal is heavily sedated, unconscious, or
anesthetized.

Pentobarbital combinations

Several euthanasia products are formulated to
include a barbituric acid derivative (usually sodium
pentobarbital), with added local anesthetic agents or
agents that metabolize to pentobarbital. Although
some of these additives are slowly cardiotoxic, this
pharmacologic effect is inconsequential. These combi-
nation products are listed by the DEA as Schedule III
drugs, making them somewhat simpler to obtain, store,
and administer than Schedule II drugs such as sodium
pentobarbital. The pharmacologic properties and rec-
ommended use of combination products that combine
sodium pentobarbital with lidocaine or phenytoin are
interchangeable with those of pure barbituric acid
derivatives.

A combination of pentobarbital with a neuro-
muscular blocking agent is not an acceptable
euthanasia agent.

Chloral hydrate

Chloral hydrate depresses the cerebrum slowly;
therefore, restraint may be a problem for some animals.
Death is caused by hypoxemia resulting from progres-
sive depression of the respiratory center, and may be
preceded by gasping, muscle spasms, and vocalization.

Recommendations—Chloral hydrate is conditional-
ly acceptable for euthanasia of large animals only when
administered intravenously, and only after sedation to
decrease the aforementioned undesirable side effects.
Chloral hydrate is not acceptable for dogs, cats, and
other small animals because the side effects may be
severe, reactions can be aesthetically objectionable,
and other products are better choices.

T-61

T-61 is an injectable, nonbarbiturate, non-narcotic
mixture of 3 drugs used for euthanasia. These drugs
provide a combination of general anesthetic, curari-
form, and local anesthetic actions. T-61 has been with-
drawn from the market and is no longer manufactured
or commercially available in the United States. It is
available in Canada and other countries. T-61 should
be used only intravenously and at carefully monitored
rates of injection, because there is some question as to
the differential absorption and onset of action of the
active ingredients when administered by other routes.'

Tricaine methane sulfonate (MS 222, TMS)

MS 222 is commercially available as tricaine
methane sulfonate (TMS), which can be used for the
euthanasia of amphibians and fish. Tricaine is a benzoic
acid derivative and, in water of low alkalinity (< 50
mg/L as CaCos); the solution should be buffered with
sodium bicarbonate.” A 10 g/L stock solution can be
made, and sodium bicarbonate added to saturation,
resulting in a pH between 7.0 and 7.5 for the solution.
The stock solution should be stored in a dark brown
bottle, and refrigerated or frozen if possible. The solu-
tion should be replaced monthly and any time a brown
color is observed."” For euthanasia, a concentration
> 250 mg/L is recommended and fish should be left in
this solution for at least 10 minutes following cessation
of opercular movement.'” In the United States, there is
a 21-day withdrawal time for MS 222; therefore, it is not
appropriate for euthanasia of animals intended for food.

Potassium chloride in conjunction with
prior general anesthesia

Although unacceptable and condemned when
used in unanaesthetized animals, the use of a supersat-
urated solution of potassium chloride injected intra-
venously or intracardially in an animal under general
anesthesia is an acceptable method to produce cardiac
arrest and death. The potassium ion is cardiotoxic, and
rapid intravenous or intracardiac administration of 1 to
2 mmol/kg of body weight will cause cardiac arrest.
This is a preferred injectable technique for euthanasia
of livestock or wildlife species to reduce the risk of tox-
icosis for predators or scavengers in situations where
carcasses of euthanatized animals may be con-
sumed.'*"”
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Advantages— (1) Potassium chloride is not a con-
trolled substance. It is easily acquired, transported, and
mixed in the field. (2) Potassium chloride, when used
with appropriate methods to render an animal uncon-
scious, results in a carcass that is potentially less toxic
for scavengers and predators in cases where carcass
disposal is impossible or impractical.

Disadvantage—Rippling of muscle tissue and
clonic spasms may occur on or shortly after injection.

Recommendations—It is of utmost importance that
personnel performing this technique are trained and
knowledgeable in anesthetic techniques, and are com-
petent in assessing anesthetic depth appropriate for
administration of potassium chloride intravenously.
Administration of potassium chloride intravenously
requires animals to be in a surgical plane of anesthesia
characterized by loss of consciousness, loss of reflex
muscle response, and loss of response to noxious stim-
uli. Saturated potassium chloride solutions are effec-
tive in causing cardiac arrest following rapid intracar-
diac or intravenous injection. Residual tissue concen-
trations of general anesthetics after anesthetic induc-
tion have not been documented. Whereas no scavenger
toxicoses have been reported with potassium chloride
in combination with a general anesthetic, proper car-
cass disposal should always be attempted to prevent
possible toxicosis by consumption of a carcass conta-
minated with general anesthetics.

Unacceptable injectable agents

When used alone, the injectable agents listed in
Appendix 4 (strychnine, nicotine, caffeine, magne-
sium sulfate, potassium chloride, cleaning agents, sol-
vents, disinfectants and other toxins or salts, and all
neuromuscular blocking agents) are unacceptable and
are absolutely condemned for use as euthanasia agents.

PHYSICAL METHODS

Physical methods of euthanasia include captive
bolt, gunshot, cervical dislocation, decapitation, elec-
trocution, microwave irradiation, kill traps, thoracic
compression, exsanguination, stunning, and pithing.
When properly used by skilled personnel with well-
maintained equipment, physical methods of euthana-
sia may result in less fear and anxiety and be more
rapid, painless, humane, and practical than other
forms of euthanasia. Exsanguination, stunning, and
pithing are not recommended as a sole means of
euthanasia, but should be considered adjuncts to other
agents or methods.

Some consider physical methods of euthanasia
aesthetically displeasing. There are occasions, however,
when what is perceived as aesthetic and what is most
humane are in conflict. Physical methods may be the
most appropriate method for euthanasia and rapid
relief of pain and suffering in certain situations.
Personnel performing physical methods of euthanasia
must be well trained and monitored for each type of
physical technique performed. That person must also
be sensitive to the aesthetic implications of the method
and inform onlookers about what they should expect
when possible.

Since most physical methods involve trauma, there
is inherent risk for animals and humans. Extreme care
and caution should be used. Skill and experience of per-
sonnel is essential. If the method is not performed cor-
rectly, animals and personnel may be injured.
Inexperienced persons should be trained by experienced
persons and should practice on carcasses or anesthetized
animals to be euthanatized until they are proficient in
performing the method properly and humanely. When
done appropriately, the panel considers most physical
methods conditionally acceptable for euthanasia.

Penetrating captive bolt

A penetrating captive bolt is used for euthanasia of
ruminants, horses, swine, laboratory rabbits, and
dogs."® Its mode of action is concussion and trauma to
the cerebral hemisphere and brainstem.'”'"” Captive
bolt guns are powered by gunpowder or compressed
air and must provide sufficient energy to penetrate the
skull of the species on which they are being used.'”
Adequate restraint is important to ensure proper place-
ment of the captive bolt. A cerebral hemisphere and the
brainstem must be sufficiently disrupted by the projec-
tile to induce sudden loss of consciousness and subse-
quent death. Accurate placement of captive bolts for
various species has been described.'”'"” A multiple pro-
jectile has been suggested as a more effective tech-
nique, especially for large cattle.'”

A nonpenetrating captive bolt only stuns animals
and should not be used as a sole means of euthanasia
(see “Stunning” under “Adjunctive Methods”).

Advantage—The penetrating captive bolt is an
effective method of euthanasia for use in slaughter-
houses, in research facilities, and on the farm when use
of drugs is inappropriate.

Disadvantages— (1) It is aesthetically displeasing.
(2) Death may not occur if equipment is not main-
tained and used properly.

Recommendations—Use of the penetrating captive
bolt is an acceptable and practical method of euthana-
sia for horses, ruminants, and swine. It is conditional-
ly acceptable in other appropriate species. The non-
penetrating captive bolt must not be used as a sole
method of euthanasia.

Euthanasia by a blow to the head
Euthanasia by a blow to the head must be evaluat-
ed in terms of the anatomic features of the species on
which it is to be performed. A blow to the head can be
a humane method of euthanasia for neonatal animals
with thin craniums, such as young pigs, if a single
sharp blow delivered to the central skull bones with
sufficient force can produce immediate depression of
the central nervous system and destruction of brain tis-
sue. When properly performed, loss of consciousness
is rapid. The anatomic features of neonatal calves,
however, make a blow to the head in this species unac-
ceptable. Personnel performing euthanasia by use of a
blow to the head must be properly trained and moni-
tored for proficiency with this method of euthanasia,
and they must be aware of its aesthetic implications.
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Gunshot

A properly placed gunshot can cause immediate
insensibility and humane death. In some circum-
stances, a gunshot may be the only practical method of
euthanasia. Shooting should only be performed by
highly skilled personnel trained in the use of firearms
and only in jurisdictions that allow for legal firearm
use. Personnel, public, and nearby animal safety
should be considered. The procedure should be per-
formed outdoors and away from public access.

For use of a gunshot to the head as a method of
euthanasia in captive animals, the firearm should be
aimed so that the projectile enters the brain, causing
instant loss of consciousness.*"'*"* This must take into
account differences in brain position and skull confor-
mation between species, as well as the energy require-
ment for skull bone and sinus penetration.'®'"
Accurate targeting for a gunshot to the head in various
species has been described."*""*"* For wildlife and
other freely roaming animals, the preferred target area
should be the head. The appropriate firearm should be
selected for the situation, with the goal being penetra-
tion and destruction of brain tissue without emergence
from the contralateral side of the head.'” A gunshot to
the heart or neck does not immediately render animals
unconscious and thus is not considered to meet the
panel’s definition of euthanasia.'”'

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 at times be the most
practical and logical method of euthanasia of wild or
free-ranging species.

Disadvantages— (1) Gunshot may be dangerous to
personnel. (2) It is aesthetically unpleasant. (3) Under
field conditions, it may be difficult to hit the vital tar-
get area. (4) Brain tissue may not be able to be exam-
ined for evidence of rabies infection or chronic wasting
disease when the head is targeted.

Recommendations—When other methods cannot
be used, an accurately delivered gunshot is a condi-
tionally acceptable method of euthanasia.'*'*'* When
an animal can be appropriately restrained, the pene-
trating captive bolt is preferred to a gunshot. Prior to
shooting, animals accustomed to the presence of
humans should be treated in a calm and reassuring
manner to minimize anxiety. In the case of wild ani-
mals, gunshots should be delivered with the least
amount of prior human contact necessary. Gunshot
should not be used for routine euthanasia of animals in
animal control situations, such as municipal pounds or
shelters.

Cervical dislocation

Cervical dislocation is a technique that has been
used for many years and, when performed by well-
trained individuals, appears to be humane. However,
there are few scientific studies to confirm this observa-
tion. This technique is used to euthanatize poultry,
other small birds, mice, and immature rats and rabbits.
For mice and rats, the thumb and index finger are

placed on either side of the neck at the base of the skull
or, alternatively, a rod is pressed at the base of the skull.
With the other hand, the base of the tail or the hind
limbs are quickly pulled, causing separation of the cer-
vical vertebrae from the skull. For immature rabbits,
the head is held in one hand and the hind limbs in the
other. The animal is stretched and the neck is hyperex-
tended and dorsally twisted to separate the first cervi-
cal vertebra from the skull.”""" For poultry, cervical dis-
location by stretching is a common method for mass
euthanasia, but loss of consciousness may not be
instantaneous.'*

Data suggest that electrical activity in the brain
persists for 13 seconds following cervical dislocation,'”’
and unlike decapitation, rapid exsanguination does not
contribute to loss of consciousness.'*'*

Advantages— (1) Cervical dislocation is a tech-
nique that may induce rapid loss of consciousness.*'”’
(2) It does not chemically contaminate tissue. (3) It is
rapidly accomplished.

Disadvantages— (1) Cervical dislocation may be
aesthetically displeasing to personnel. (2) Cervical dis-
location requires mastering technical skills to ensure
loss of consciousness is rapidly induced. (3) Its use is
limited to poultry, other small birds, mice, and imma-
ture rats and rabbits.

Recommendations—Manual cervical dislocation is
a humane technique for euthanasia of poultry, other
small birds, mice, rats weighing < 200 g, and rabbits
weighing < 1 kg when performed by individuals with a
demonstrated high degree of technical proficiency. In
lieu of demonstrated technical competency, animals
must be sedated or anesthetized prior to cervical dislo-
cation. The need for technical competency is greater in
heavy rats and rabbits, in which the large muscle mass
in the cervical region makes manual cervical disloca-
tion physically more difficult.” In research settings,
this technique should be used only when scientifically
justified by the user and approved by the Institutional
Animal Care and Use Committee.

Those responsible for the use of this technique
must ensure that personnel performing cervical dislo-
cation techniques have been properly trained and con-
sistently apply it humanely and effectively.

Decapitation

Decapitation can be used to euthanatize rodents
and small rabbits in research settings. It provides a
means to recover tissues and body fluids that are chem-
ically uncontaminated. It also provides a means of
obtaining anatomically undamaged brain tissue for
study.”!

Although it has been demonstrated that electrical
activity in the brain persists for 13 to 14 seconds fol-
lowing decapitation,"” more recent studies and reports
indicate that this activity does not infer the ability to
perceive pain, and in fact conclude that loss of con-
sciousness develops rapidly."*"'*

Guillotines that are designed to accomplish decap-
itation in adult rodents and small rabbits in a uniform-
ly instantaneous manner are commercially available.
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Guillotines are not commercially available for neonatal
rodents, but sharp blades can be used for this purpose.

Advantages— (1) Decapitation is a technique that
appears to induce rapid loss of consciousness.'”"* (2)
It does not chemically contaminate tissues. (3) It is
rapidly accomplished.

Disadvantages—(1) Handling and restraint
required to perform this technique may be distressful
to animals.” (2) The interpretation of the presence of
electrical activity in the brain following decapitation
has created controversy and its importance may still be
open to debate.””"*'** (3) Personnel performing this
technique should recognize the inherent danger of the
guillotine and take adequate precautions to prevent
personal injury. (4) Decapitation may be aesthetically
displeasing to personnel performing or observing the
technique.

Recommendations—This technique is conditionally
acceptable if performed correctly, and it should be used
in research settings when its use is required by the
experimental design and approved by the Institutional
Animal Care and Use Committee. The equipment used
to perform decapitation should be maintained in good
working order and serviced on a regular basis to ensure
sharpness of blades. The use of plastic cones to restrain
animals appears to reduce distress from handling, min-
imizes the chance of injury to personnel, and improves
positioning of the animal in the guillotine.
Decapitation of amphibians, fish, and reptiles is
addressed elsewhere in this report.

Those responsible for the use of this technique
must ensure that personnel who perform decapitation
techniques have been properly trained to do so.

Electrocution

Electrocution, using alternating current, has been
used as a method of euthanasia for species such as
dogs, cattle, sheep, swine, foxes, and mink."*'*'%
Electrocution induces death by cardiac fibrillation,
which causes cerebral hypoxia.*"*"'* However, ani-
mals do not lose consciousness for 10 to 30 seconds or
more after onset of cardiac fibrillation. It is imperative
that animals be unconscious before being electrocuted.
This can be accomplished by any acceptable means,
including electrical stunning.”” Although an effective,
1-step stunning and electrocution method has been
described for use in sheep and hogs, euthanasia by
electrocution in most species remains a 2-step proce-
dure.25,63,140

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

Disadvantages—(1) Electrocution may be haz-
ardous to personnel. (2) When conventional single-
animal probes are used, it may not a useful method for
mass euthanasia because so much time is required per
animal. (3) It is not a useful method for dangerous,
intractable animals. (4) It is aesthetically objectionable
because of violent extension and stiffening of the
limbs, head, and neck. (5) It may not result in death in

small animals (< 5 kg) because ventricular fibrillation
and circulatory collapse do not always persist after ces-
sation of current flow.

Recommendations—FEuthanasia by electrocution
requires special skills and equipment that will ensure
passage of sufficient current through the brain to
induce loss of consciousness and cardiac fibrillation in
the 1-step method for sheep and hogs, or cardiac fib-
rillation in the unconscious animal when the 2-step
procedure is used. Although the method is condition-
ally acceptable if the aforementioned requirements are
met, its disadvantages far outweigh its advantages in
most applications. Techniques that apply electric cur-
rent from head to tail, head to foot, or head to moist-
ened metal plates on which the animal is standing are
unacceptable.

Microwave irradiation

Heating by microwave irradiation is used pri-
marily by neurobiologists to fix brain metabolites in
vivo while maintaining the anatomic integrity of the
brain."' Microwave instruments have been specifi-
cally designed for use in euthanasia of laboratory
mice and rats. The instruments differ in design from
kitchen units and may vary in maximal power out-
put from 1.3 to 10 kw. All units direct their
microwave energy to the head of the animal. The
power required to rapidly halt brain enzyme activity
depends on the efficiency of the unit, the ability to
tune the resonant cavity and the size of the rodent
head.'” There is considerable variation among
instruments in the time required for loss of con-
sciousness and euthanasia. A 10 kw, 2,450 MHz
instrument operated at a power of 9 kw will increase
the brain temperature of 18 to 28 g mice to 79 C in
330 ms, and the brain temperature of 250 to 420 g
rats to 94 C in 800 ms.'*

Advantages— (1) Loss of consciousness is achieved
in less than 100 ms, and death in less than 1 second.
(2) This is the most effective method to fix brain tissue
in vivo for subsequent assay of enzymatically labile
chemicals.

Disadvantages— (1) Instruments are expensive. (2)
Only animals the size of mice and rats can be euthana-
tized with commercial instruments that are currently
available.

Recommendations—Microwave irradiation is a
humane method for euthanatizing small laboratory
rodents if instruments that induce rapid loss of con-
sciousness are used. Only instruments that are
designed for this use and have appropriate power and
microwave distribution can be used. Microwave ovens
designed for domestic and institutional kitchens are
absolutely unacceptable for euthanasia.

Thoracic (cardiopulmonary, cardiac)
compression

Thoracic (cardiopulmonary, cardiac) compression
is used to euthanatize small- to medium-sized free-
ranging birds when alternate techniques described in
this report are not practical."
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Advantages— (1) This technique is rapid. (2) It is
apparently painless. (3) It maximizes carcass use for
analytical/contaminant studies.

Disadvantages— (1) It may be considered aestheti-
cally unpleasant by onlookers. (2) The degree of dis-
tress is unknown.

Recommendations—Thoracic (cardiopulmonary,
cardiac) compression is a physical technique for avian
euthanasia that has applicability in the field when
other methods cannot be used. It is accomplished by
bringing the thumb and forefinger of one hand under
the birds wing from the posterior and placing them
against the ribs."* The forefinger of the other hand is
placed against the ventral edge of the sternum, just
below the furculum. All fingers are brought together
forcefully and held under pressure to stop the heart
and lungs. Loss of consciousness and death develop
quickly. Proper training is needed in the use of this
technique to avoid trauma to the bird.
Cardiopulmonary compression is not appropriate for
laboratory settings, for large or diving birds,"* or for
other species.

Kill traps

Mechanical kill traps are used for the collection
and killing of small, free-ranging mammals for com-
mercial purposes (fur, skin, or meat), scientific pur-
poses, to stop property damage, and to protect
human safety. Their use remains controversial, and
the panel recognizes that kill traps do not always ren-
der a rapid or stress-free death consistent with crite-
ria for euthanasia found elsewhere in this document.
For this reason, use of live traps followed by other
methods of euthanasia is preferred. There are a few
situations when that is not possible or when it may
actually be more stressful to the animals or danger-
ous to humans to use live traps. Although newer
technologies are improving kill trap performance in
achieving loss of consciousness quickly, individual
testing is recommended to be sure the trap is work-
ing properly.'”® If kill traps must be used, the most
humane available must be chosen,"*'*® as evaluated
by use of International Organization for
Standardization (ISO) testing procedures,'* or by the
methods of Gilbert,'” Proulx et al,”"'" or Hiltz and
Roy.m

To reach the required level of efficiency, traps may
need to be modified from manufacturers production
standards. In addition, as specified in scientific studies,
trap placement (ground versus tree sets), bait type, set
location, selectivity apparatus, body placement modi-
fying devices (eg, sidewings, cones), trigger sensitivity,
and trigger type, size, and conformation are essential
considerations that could affect a kill trap’s ability to
reach these standards.

Several kill traps, modifications, and set specifics
have been scientifically evaluated and found to meet the
aforereferenced standards for various species.'*"'*!%*1%

Advantage—Free-ranging small mammals may be
killed with minimal distress associated with handling
and human contact.

Disadvantages— (1) Traps may not afford death
within acceptable time periods. (2) Selectivity and effi-
ciency is dependent on the skill and proficiency of the
operator.

Recommendations—XKill traps do not always meet
the panels criteria for euthanasia. At the same time, it
is recognized that they can be practical and effective for
scientific animal collection when used in a manner that
ensures selectivity, a swift kill, no damage to body parts
needed for field research, and minimal potential for
injury of nontarget species.'™® Traps need to be
checked at least once daily. In those instances when an
animal is wounded or captured but not dead, the ani-
mal must be killed quickly and humanely. Kill traps
should be used only when other acceptable techniques
are impossible or have failed. Traps for nocturnal
species should not be activated during the day to avoid
capture of diurnal species.'” Trap manufacturers
should strive to meet their responsibility of minimizing
pain and suffering in target species.

Adjunctive methods

Stunning and pithing, when properly done, induce
loss of consciousness but do not ensure death.
Therefore, these methods must be used only in con-
junction with other procedures,'” such as pharmaco-
logic agents, exsanguination, or decapitation to eutha-
natize the animal.

EXSANGUINATION
Exsanguination can be used to ensure death sub-
sequent to stunning, or in otherwise unconscious ani-
mals. Because anxiety is associated with extreme hypo-
volemia, exsanguination must not be used as a sole
means of euthanasia."” Animals may be exsanguinated
to obtain blood products, but only when they are

sedated, stunned, or anesthetized.”

STUNNING

Animals may be stunned by a blow to the head, by
use of a nonpenetrating captive bolt, or by use of elec-
tric current. Stunning must be followed immediately
by a method that ensures death. With stunning, evalu-
ating loss of consciousness is difficult, but it is usually
associated with a loss of the menace or blink response,
pupillary dilatation, and a loss of coordinated move-
ments. Specific changes in the electroencephalogram
and a loss of visually evoked responses are also thought
to indicate loss of consciousness.”'"

Blow to the head—Stunning by a blow to the head
is used primarily in small laboratory animals with thin
craniums.”'™"" A single sharp blow must be delivered to
the central skull bones with sufficient force to produce
immediate depression of the central nervous system.
When properly done, consciousness is lost rapidly.

Nonpenetrating captive bolt—A nonpenetrating
captive bolt may be used to induce loss of conscious-
ness in ruminants, horses, and swine. Signs of effective
stunning by captive bolt are immediate collapse and a
several second period of tetanic spasm, followed by
slow hind limb movements of increasing frequency.”'™
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Other aspects regarding use of the nonpenetrating cap-
tive bolt are similar to the use of a penetrating captive
bolt, as previously described.

Electrical stunning—Alternating electrical current
has been used for stunning species such as dogs, cattle,
sheep, goats, hogs, fish and chickens,'®'"*10177178
Experiments with dogs have identified a need to direct
the electrical current through the brain to induce rapid
loss of consciousness. In dogs, when electricity passes
only between fore- and hind limbs or neck and feet, it
causes the heart to fibrillate but does not induce sud-
den loss of consciousness.'"” For electrical stunning of
any animal, an apparatus that applies electrodes to
opposite sides of the head, or in another way directs
electrical current immediately through the brain, is
necessary to induce rapid loss of consciousness.
Attachment of electrodes and animal restraint can pose
problems with this form of stunning. Signs of effective
electrical stunning are extension of the limbs,
opisthotonos, downward rotation of the eyeballs, and
tonic spasm changing to clonic spasm, with eventual
muscle flaccidity.

Electrical stunning should be followed promptly
by electrically induced cardiac fibrillation, exsanguina-
tion, or other appropriate methods to ensure death.
Refer to the section on electrocution for additional
information.

PITHING

In general, pithing is used as an adjunctive proce-
dure to ensure death in an animal that has been ren-
dered unconscious by other means. For some species,
such as frogs, with anatomic features that facilitate easy
access to the central nervous system, pithing may be
used as a sole means of euthanasia, but an anesthetic
overdose is a more suitable method.

SPECIAL CONSIDERATIONS

Equine euthanasia

Pentobarbital or a pentobarbital combination is
the best choice for equine euthanasia. Because a large
volume of solution must be injected, use of an intra-
venous catheter placed in the jugular vein will facilitate
the procedure. To facilitate catheterization of an
excitable or fractious animal, a tranquilizer such as
acepromazine, or an alpha-2 adrenergic agonist can be
administered, but these drugs may prolong time to loss
of consciousness because of their effect on circulation
and may result in varying degrees of muscular activity
and agonal gasping. Opioid agonists or agonist/antago-
nists in conjunction with alpha-2 adrenergic agonists
may further facilitate restraint.

In certain emergency circumstances, such as
euthanasia of a horse with a serious injury at a race-
track, it may be difficult to restrain a dangerous horse
or other large animal for intravenous injection. The
animal might cause injury to itself or to bystanders
before a sedative could take effect. In such cases, the
animal can be given a neuromuscular blocking agent
such as succinylcholine, but the animal must be eutha-
natized with an appropriate technique as soon as the

animal can be controlled. Succinylcholine alone or
without sufficient anesthetic must not be used for
euthanasia.

Physical methods, including gunshot, are consid-
ered conditionally acceptable techniques for equine
euthanasia. The penetrating captive bolt is acceptable
with appropriate restraint.

Animals intended for human
or animal food

In euthanasia of animals intended for human or ani-
mal food, chemical agents that result in tissue residues
cannot be used, unless they are approved by the US Food
and Drug Administration.' Carbon dioxide is the only
chemical currently used for euthanasia of food animals
(primarily swine) that does not result in tissue residues.
Physical techniques are commonly used for this reason.
Carcasses of animals euthanatized by barbituric acid
derivatives or other chemical agents may contain poten-
tially harmful residues. These carcasses should be dis-
posed of in a manner that will prevent them from being
consumed by human beings or animals.

Selection of a proper euthanasia technique for free-
ranging wildlife must take into account the possibility
of consumption of the carcass of the euthanatized ani-
mal by nontarget predatory or scavenger species.
Numerous cases of toxicosis and death attributable to
ingestion of pharmaceutically contaminated carcasses
in predators and scavengers have been reported.'”
Proper carcass disposal must be a part of any euthana-
sia procedure under free-range conditions where there
is potential for consumption toxicity. When carcasses
are to be left in the field, a gunshot to the head, pene-
trating captive bolt, or injectable agents that are non-
toxic (potassium chloride in combination with a non-
toxic general anesthetic) should be used so that the
potential for scavenger or predator toxicity is lessened.

Euthanasia of nonconventional species:
zoo, wild, aquatic, and ectothermic animals

Compared with objective information on compan-
ion, farm, and laboratory animals, euthanasia of
species such as zoo, wild, aquatic, and ectothermic ani-
mals has been studied less, and guidelines are more
limited. Irrespective of the unique or unusual features
of some species, whenever it becomes necessary to
euthanatize an animal, death must be induced as pain-
lessly and quickly as possible.

When selecting a means of euthanasia for these
species, factors and criteria in addition to those previous-
ly discussed must be considered. The means selected will
depend on the species, size, safety aspects, location of the
animals to be euthanatized, and experience of personnel.
Whether the animal to be euthanatized is in the wild, in
captivity, or free-roaming are major considerations.
Anatomic differences must be considered. For example,
amphibians, fish, reptiles, and marine mammals differ
anatomically from domestic species. Veins may be diffi-
cult to locate. Some species have a carapace or other
defensive anatomic adaptations (eg, quills, scales, spines).
For physical methods, access to the central nervous sys-
tem may be difficult because the brain may be small and
difficult to locate by inexperienced persons.
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Z00 ANIMALS
For captive zoo mammals and birds with related
domestic counterparts, many of the means described
previously are appropriate. However, to minimize
injury to persons or animals, additional precautions
such as handling and physical or chemical restraint are
important considerations.'®

WILDLIFE

For wild and feral animals, many recommended
means of euthanasia for captive animals are not feasi-
ble. The panel recognizes there are situations involving
free-ranging wildlife when euthanasia is not possible
from the animal or human safety standpoint, and
killing may be necessary. Conditions found in the field,
although more challenging than those that are con-
trolled, do not in any way reduce or minimize the eth-
ical obligation of the responsible individual to reduce
pain and distress to the greatest extent possible during
the taking of an animals life. Because euthanasia of
wildlife is often performed by lay personnel in remote
settings, guidelines are needed to assist veterinarians,
wildlife biologists, and wildlife health professionals in
developing humane protocols for euthanasia of
wildlife.

In the case of free-ranging wildlife, personnel may
not be trained in the proper use of remote anesthesia,
proper delivery equipment may not be available, per-
sonnel may be working alone in remote areas where
accidental exposure to potent anesthetic medications
used in wildlife capture would present a risk to human
safety, or approaching the animal within a practical
darting distance may not be possible. In these cases,
the only practical means of animal collection may be
gunshot and kill trapping.”*'®'** Under these condi-
tions, specific methods chosen must be as age-,
species-, or taxonomic/class-specific as possible. The
firearm and ammunition should be appropriate for the
species and purpose. Personnel should be sufficiently
skilled to be accurate, and they should be experienced
in the proper and safe use of firearms, complying with
laws and regulations governing their possession and
use.

Behavioral responses of wildlife or captive nontra-
ditional species (zoo) in close human contact are very
different from those of domestic animals. These ani-
mals are usually frightened and distressed. Thus, min-
imizing the amount, degree, and/or cognition of
human contact during procedures that require han-
dling is of utmost importance. Handling these animals
often requires general anesthesia, which provides loss
of consciousness and which relieves distress, anxiety,
apprehension, and perception of pain. Even though the
animal is under general anesthesia, minimizing audito-
ry, visual, and tactile stimulation will help ensure the
most stress-free euthanasia possible. With use of gen-
eral anesthesia, there are more methods for euthanasia
available.

A 2-stage euthanasia process involving general
anesthesia, tranquilization, or use of analgesics, fol-
lowed by intravenous injectable pharmaceuticals,
although preferred, is often not practical. Injectable
anesthetics are not always legally or readily available to

those working in nuisance animal control, and the dis-
tress to the animal induced by live capture, transport
to a veterinary facility, and confinement in a veterinary
hospital prior to euthanasia must be considered in
choosing the most humane technique for the situation
at hand. Veterinarians providing support to those
working with injured or live-trapped, free-ranging
animals should take capture, transport, handling dis-
tress, and possible carcass consumption into consider-
ation when asked to assist with euthanasia.
Alternatives to 2-stage euthanasia using anesthesia
include a squeeze cage with intraperitoneal injection
of sodium pentobarbital, inhalant agents (CO, cham-
ber, CO chamber), and gunshot. In cases where
preeuthanasia anesthetics are not available, intraperi-
toneal injections of sodium pentobarbital, although
slower in producing loss of consciousness, should be
considered preferable over intravenous injection, if
restraint will cause increased distress to the animal or
danger to the operator.

Wildlife species may be encountered under a
variety of situations. Euthanasia of the same species
under different conditions may require different tech-
niques. Even in a controlled setting, an extremely
fractious large animal may threaten the safety of the
practitioner, bystanders, and itself. When safety is in
question and the fractious large animal, whether wild,
feral, or domestic, is in close confinement, neuro-
muscular blocking agents may be used immediately
prior to the use of an acceptable form of euthanasia.
For this technique to be humane, the operator must
ensure they will gain control over the animal and per-
form euthanasia before distress develops.
Succinylcholine is not acceptable as a method of
restraint for use in free-ranging wildlife because ani-
mals may not be retrieved rapidly enough to prevent
neuromuscular blocking agent-induced respiratory
distress or arrest.'®

DiISEASED, INJURED, OR LIVE-CAPTURED WILDLIFE
OR FERAL SPECIES

Euthanasia of diseased, injured, or live-trapped
wildlife should be performed by qualified profession-
als. Certain cases of wildlife injury (eg, acute, severe
trauma from automobiles) may require immediate
action, and pain and suffering in the animal may be
best relieved most rapidly by physical methods includ-
ing gunshot or penetrating captive bolt followed by
exsanguination.

BirDS

Many techniques discussed previously in this
report are suitable for euthanasia of captive birds
accustomed to human contact. Free-ranging birds may
be collected by a number of methods, including nets
and live traps, with subsequent euthanasia. For collec-
tion by firearm, shotguns are recommended. The bird
should be killed outright by use of ammunition loads
appropriate for the species to be collected. Wounded
birds should be killed quickly by appropriate tech-
niques previously described. Large birds should be
anesthetized prior to euthanasia, using general anes-
thetics.
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AMPHIBIANS, FisH, AND REPTILES
Euthanasia of ectothermic animals must take into
account differences in their metabolism, respiration,
and tolerance to cerebral hypoxia. In addition, it is
often more difficult to ascertain when an animal is
dead. Some unique aspects of euthanasia of amphib-
ians, fishes, and reptiles have been described.'**"***'*’

Injectable agents—Sodium pentobarbital (60 to
100 mg/kg of body weight) can be administered intra-
venously, intraabdominally, or intrapleuroperitoneally
in most ectothermic animals, depending on anatomic
features. Subcutaneous lymph spaces may also be used
in frogs and toads. Time to effect may be variable, with
death occurring in up to 30 minutes."'¥'® Barbiturates
other than pentobarbital can cause pain on injection.'®

Clove oil—Because adequate and appropriate clin-
ical trials have not been performed on fish to evaluate
its effects, use of clove oil is not acceptable.

External or topical agents—Tricaine methane sul-
fonate (TMS, MS-222) may be administered by various
routes to euthanatize. For fish and amphibians, this
chemical may be placed in water."*'* Large fish may be
removed from the water, a gill cover lifted, and a con-
centrated solution from a syringe flushed over the gills.
MS 222 is acidic and in concentrations > 500 mg/L
should be buffered with sodium bicarbonate to satura-
tion resulting in a solution pH of 7.0 to 7.5." MS 222
may also be injected into lymph spaces and pleu-
roperitoneal cavities.'” These are effective but expen-
sive means of euthanasia.

Benzocaine hydrochloride, a compound similar to
TMS, may be used as a bath or in a recirculation system
for euthanasia of fish'® or amphibians.” Benzocaine is
not water soluble and therefore is prepared as a stock
solution (100 g/L), using acetone or ethanol, which
may be irritating to fish tissues. In contrast, benzocaine
hydrochloride is water soluble and can be used direct-
ly for anesthesia or euthanasia.'” A concentration
> 250 mg/L can be used for euthanasia. Fish should be
left in the solution for at least 10 minutes following
cessation of opercular movement.'"

The anesthetic agent 2-phenoxyethanol is used at
concentrations of 0.5 to 0.6 ml/L or 0.3 to 0.4 mg/L for
euthanasia of fish. Death is caused by respiratory col-
lapse. As with other agents, fish should be left in solu-
tion for 10 minutes following cessation of opercular
movement.'**'*

Inhalant agents—Many reptiles and amphibians,
including chelonians, are capable of holding their
breath and converting to anaerobic metabolism, and
can survive long periods of anoxia (up to 27 hours for
some species)."”"*” Because of this ability to tolerate
anoxia, induction of anesthesia and time to loss of con-
sciousness may be greatly prolonged when inhalants
are used. Death in these species may not occur even
after prolonged inhalant exposure.”” Lizards, snakes,
and fish do not hold their breath to the same extent
and can be euthanatized by use of inhalant agents.

Carbon dioxide—Amphibians,' reptiles,' and

fish®?** may be euthanatized with CO,. Loss of con-

sciousness develops rapidly, but exposure times
required for euthanasia are prolonged. This technique
is more effective in active species and those with less
tendency to hold their breath.

Physical methods—Line drawings of the head of
various amphibians and reptiles, with recommended
locations for captive bolt or firearm penetration, are
available.” Crocodilians and other large reptiles can
also be shot through the brain.”

Decapitation with heavy shears or a guillotine is
effective for some species that have appropriate
anatomic features. It has been assumed that stopping
blood supply to the brain by decapitation causes rapid
loss of consciousness. Because the central nervous sys-
tem of reptiles, fish, and amphibians is tolerant to
hypoxic and hypotensive conditions,” decapitation
must be followed by pithing.'®

Two-stage euthanasia procedures—Propofol and
ultrashort-acting barbiturates may be used for these
species to produce rapid general anesthesia prior to
final administration of euthanasia.

In zoos and clinical settings, neuromuscular
blocking agents are considered acceptable for restraint
of reptiles if given immediately prior to administration
of a euthanatizing agent.

Most amphibians, fishes, and reptiles can be
euthanatized by cranial concussion (stunning) fol-
lowed by decapitation, pithing, or some other physical
method.

Severing the spinal cord behind the head by
pithing is an effective method of killing some
ectotherms. Death may not be immediate unless both
the brain and spinal cord are pithed. For these animals,
pithing of the spinal cord should be followed by decap-
itation and pithing of the brain or by another appro-
priate procedure. Pithing requires dexterity and skill
and should only be done by trained personnel. The
pithing site in frogs is the foramen magnum, and it is
identified by a slight midline skin depression posterior
to the eyes with the neck flexed."’

Cooling—It has been suggested that, when using
physical methods of euthanasia in ectothermic species,
cooling to 4 C will decrease metabolism and facilitate
handling, but there is no evidence that whole body
cooling reduces pain or is clinically efficacious.” Local
cooling in frogs does reduce nociception, and this may
be partly opioid mediated. *” Immobilization of reptiles
by cooling is considered inappropriate and inhumane
even if combined with other physical or chemical
methods of euthanasia. Snakes and turtles, immobi-
lized by cooling, have been killed by subsequent freez-
ing. This method is not recommended."” Formation of
ice crystals on the skin and in tissues of an animal may
cause pain or distress. Quick freezing of deeply anes-
thetized animals is acceptable.”®

MARINE MAMMALS
Barbiturates or potent opioids (eg, etorphine
hydrochloride [M 99] and carfentanil) are the agents of
choice for euthanasia of marine mammals,”” although
it is recognized their use is not always possible and can
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be potentially dangerous to personnel. An accurately
placed gunshot may also be a conditionally acceptable
method of euthanasia for some species and sizes of
stranded marine mammals.’"****'°

For stranded whales or other large cetaceans or
pinnipeds, succinylcholine chloride in conjunction
with potassium chloride, administered intravenously
or intraperitoneally, has been used.”' This method,
which is not an acceptable method of euthanasia as
defined in this report, leads to complete paralysis of the
respiratory musculature and eventual death attribut-
able to hypoxemia.”” This method may be more
humane than allowing the stranded animal to suffocate
over a period of hours or days if no other options are
available.

Euthanasia of animals raised
for fur production

Animals raised for fur are usually euthanatized
individually at the location where they are raised.
Although any handling of these species constitutes a
stress, it is possible to minimize this by euthanatizing
animals in or near their cages. For the procedures
described below, please refer to previous sections for
more detailed discussion.

Carbon monoxide—For smaller species, CO
appears to be an adequate method for euthanasia.
Compressed CO is delivered from a tank into an
enclosed cage that can be moved adjacent to holding
cages. Using the apparatus outside reduces the risk to
humans; however, people using this method should
still be made aware of the dangers of CO. Animals
introduced into a chamber containing 4% CO lost con-
sciousness in 64 + 14 seconds and were dead within
215 + 45 seconds.” In a study involving electroen-
cephalography of mink being euthanatized with 3.5%
CO, the mink were comatose in 21 + 7 seconds.”” Only
1 animal should be introduced into the chamber at a
time, and death should be confirmed in each case.

Carbon dioxide—Administration of CO, is also a
good euthanasia method for smaller species and is less
dangerous than CO for personnel operating the sys-
tem. When exposed to 100% CO,, mink lost con-
sciousness in 19 + 4 seconds and were dead within 153
+ 10 seconds. When 70% CO, was used with 30% O,
mink were unconscious in 28 seconds, but they were
not dead after a 15-minute exposure.” Therefore, if
animals are first stunned by 70% CO,, they should be
killed by exposure to 100% CO, or by some other
means. As with carbon monoxide, only one animal
should be introduced into the chamber at a time.

Barbiturates—Barbiturate overdose is an accept-
able procedure for euthanasia of many species of ani-
mals raised for fur. The drug is injected intraperi-
toneally and the animal slowly loses consciousness. It
is important that the death of each animal be con-
firmed following barbiturate injection. Barbiturates
will contaminate the carcass; therefore the skinned car-
cass cannot be used for animal food.

Electrocution—Electrocution has been used for
killing foxes and mink." The electric current must

pass through the brain to induce loss of consciousness
before electricity is passed through the rest of the body.
Electrical stunning should be followed by euthanasia,
using some other technique. Cervical dislocation has
been used in mink and other small animals and should
be done within 20 seconds of electrical stunning.””* Use
of a nose-to-tail or nose-to-foot method'® alone may
kill the animal by inducing cardiac fibrillation, but the
animal may be conscious for a period of time before
death. Therefore, these techniques are unacceptable.

Prenatal and neonatal euthanasia

When ovarian hysterectomies are performed,
euthanasia of feti should be accomplished as soon as
possible after removal from the dam. Neonatal animals
are relatively resistant to hypoxia.***"

Mass euthanasia

Under unusual conditions, such as disease eradi-
cation and natural disasters, euthanasia options may be
limited. In these situations, the most appropriate tech-
nique that minimizes human and animal health con-
cerns must be used. These options include, but are not
limited to, CO, and physical methods such as gunshot,
penetrating captive bolt, and cervical dislocation.

POSTFACE

This report summarizes contemporary scientific
knowledge on euthanasia in animals and calls atten-
tion to the lack of scientific reports assessing pain, dis-
comfort, and distress in animals being euthanatized.
Many reports on various methods of euthanasia are
either anecdotal, testimonial narratives, or unsubstan-
tiated opinions and are, therefore, not cited in this
report. The panel strongly endorses the need for well-
designed experiments to more fully determine the
extent to which each procedure meets the criteria used
for judging methods of euthanasia.

Each means of euthanasia has advantages and disad-
vantages. It is unlikely that, for each situation, any means
will meet all desirable criteria. It is also impractical for
this report to address every potential circumstance in
which animals are to be euthanatized. Therefore, the use
of professional judgment is imperative.

Failure to list or recommend a means of euthana-
sia in this report does not categorically condemn its
use. There may occasionally be special circumstances
or situations in which other means may be acceptable.
For research animals, these exceptions should be care-
fully considered by the attending veterinarian and the
Institutional Animal Care and Use Committee. In other
settings, professional judgment should be used.

The panel discourages the use of unapproved
products for euthanasia, unless the product has a clear-
ly understood mechanism of action and pharmacoki-
netics, and studies published in the literature that sci-
entifically verify and justify its use. Those responsible
for euthanasia decisions have a critically important
responsibility to carefully assess any new technique,
method, or device, using the panels criteria. In the
absence of definitive proof or reasonable expectation,
the best interest of the animal should guide the deci-
sion process.
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References cited in this report do not represent a
comprehensive bibliography on all methods of
euthanasia. Persons interested in additional informa-
tion on a particular aspect of animal euthanasia are
encouraged to contact the Animal Welfare Information
Center, National Agricultural Library, 10301 Baltimore
Blvd, Beltsville, MD 20705.

The Panel on Euthanasia is fully committed to the
concept that, whenever it becomes necessary to Kkill
any animal for any reason whatsoever, death should be
induced as painlessly and quickly as possible. It has
been our charge to develop workable guidelines for
veterinarians needing to address this problem, and it is
our sincere desire that these guidelines be used consci-
entiously by all animal care providers. We consider this
report to be a work in progress with new editions war-
ranted as results of more scientific studies are pub-
lished.

Acknowledgment: The panel acknowledges the assistance of
Ms. Julie Horvath and Dr. David Granstrom in coordinating the
preparation and circulation of various drafts of the report. The panel
also acknowledges and thanks Dr. Laurence Roy, Dr. Leah Greer, and
the many other individuals and organizations that provided valuable
review, criticism, and input to the panel through the many drafts of
the report. The research and humane communities were especially
helpful in shaping important changes and additions to the report.
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Appendix 1

Agents and methods of euthanasia by species (refer to Appendix 4 for unacceptable agents and methods.)

Acceptable*
(refer to Appendix 2

Conditionally acceptablet
(refer to Appendix 3

Marine mammals

Mink, fox, and other mammals
produced for fur

Nonhuman primates

Rabbits

Reptiles

Rodents and other small mammals

Ruminants

Swine

Zoo animals

Free-ranging wildlife

Species and text for details) and text for details)
Amphibians Barbiturates, inhalant anesthetics (in appropriate species), Penetrating captive bolt, gunshot, stunning and decapitation,
C0,, CO, tricaine methane sulfonate (TMS, MS 222), ben- decapitation and pithing
zocaine hydrochloride, double pithing
Birds Barbiturates, inhalant anesthetics, CO,, CO, N,, Ar, cervical dislocation, decapitation,
gunshot (free-ranging only) thoracic compression (small, free-ranging only)
Cats Barbiturates, inhalant anesthetics, CO,, CO, potassium N,, Ar
chloride in conjunction with general anesthesia
Dogs Barbiturates, inhalant anesthetics, CO,, CO, potassium N,, Ar, penetrating captive bolt, electrocution
chloride in conjunction with general anesthesia
Fish Barbiturates, inhalant anesthetics, CO,, tricaine methane Decapitation and pithing, stunning and decapitation/pithing
sulfonate (TMS, MS 222), benzocaine hydrochloride,
2-phenoxyethanol
Horses Barbiturates, potassium chloride in conjunction with Chloral hydrate (IV, after sedation), gunshot, electrocution

general anesthesia, penetrating captive bolt
Barbiturates, etorphine hydrochloride

Barbiturates, inhalant anesthetics, CO, (mink require high
concentrations for euthanasia without supplemental
agents), CO, potassium chloride in conjunction with
general anesthesia

Barbiturates

Barbiturates, inhalant anesthetics, CO,, CO, potassium
chloride in conjunction with general anesthesia

Barbiturates, inhalant anesthetics (in appropriate species),
CO, (in appropriate species)

Barbiturates, inhalant anesthetics, CO,, CO, potassium
chloride in conjunction with general anesthesia,
microwave irradiation

Barbiturates, potassium chloride in conjunction with
general anesthesia, penetrating captive bolt

Barbiturates, CO,, potassium chloride in conjunction with
general anesthesia, penetrating captive bolt

Barbiturates, inhalant anesthetics, CO,, CO, potassium
chloride in conjunction with general anesthesia

Barbiturates IV or IP, inhalant anesthetics, potassium
chloride in conjunction with general anesthesia

Gunshot (cetaceans < 4 meters long)

N,, Ar, electrocution followed by cervical dislocation

Inhalant anesthetics, CO,, CO, N,, Ar

Nj, Ar, cervical dislocation (< 1 kg), decapitation, penetrating
captive bolt

Penetrating captive bolt, gunshot, decapitation and pithing, stun-
ning and decapitation

Methoxyflurane, ether, N,, Ar, cervical dislocation (rats < 200 g),

decapitation

Chloral hydrate (1V, after sedation), gunshot, electrocution

Inhalant anesthetics, CO, chloral hydrate (IV, after sedation),
gunshot, electrocution, blow to the head (< 3 weeks of age)

N,, Ar, penetrating captive bolt, gunshot

CO,, CO, Ny, Ar, penetrating captive bolt, gunshot,
kil traps (scientifically tested)

mented in the scientific literature.

*Acceptable methods are those that consistently produce a humane death when used as the sole means of euthanasia. fConditionally acceptable methods are those that by
the nature of the technique or because of greater potential for operator error or safety hazards might not consistently produce humane death or are methods not well docu-

Continued on next page.

JAVMA, Vol 218, No. 5, March 1, 2001

Report of the AVMA Panel on Euthanasia 693



Appendix 2

Acceptable agents and methods of euthanasia—characteristics and modes of action (refer to text for details)

Carbon dioxide
(bottled gas
only)

Carbon monoxide
(bottled gas
only)

Inhalant anes-
thetics

Microwave irradi-
ation

Penetrating cap-
tive bolt

2-Phenoxyethanol

Potassium chlo-
ride (intracar-
dially or intra-
venously in
conjunction
with general
anesthesia
only)

Tricaine methane
sulfonate (TMS,
MS 222)

vital centers

Hypoxia attributable
to depression of
vital centers

Hypoxia

Hypoxia attributable
to depression of
vital centers

Brain enzyme inacti-
vation

Physical damage to
brain

Hypoxia attributable
to depression of
vital centers

Hypoxia

Hypoxia attributable
to depression of
vital centers

Direct depression of cerebral cor-
tex, subcortical structures, and
vital centers; direct depression
of heart muscle

Combines with hemoglobin, pre-

venting its combination with oxy-

gen

Direct depression of cerebral cor-
tex, subcortical structures, and
vital centers

Direct inactivation of brain
enzymes by rapid heating of
brain

Direct concussion of brain tissue

Depression of CNS

Direct depression of cerebral cor-
tex, subcortical structures, and
vital centers secondary to car-
diac arrest.

Depression of CNS

dose

Moderately rapid

Moderate onset
time, but insidi-
ous so animal
is unaware of
onset

Moderately rapid
onset of anes-
thesia, excita-
tion may de-
velop during in-
duction

Very rapid

Rapid

Very rapid,
depending on
dose

Rapid

Very rapid,
depending on
dose

Used in closed container

Requires appropriately main-
tained equipment

Easily performed with closed
container; can be adminis-
tered to large animals by
means of a mask

Requires training and highly
specialized equipment

Requires skill, adequate
restraint, and proper place-
ment of captive bolt

Easily used

Requires training and special-
ized equipment for remote
injection anesthesia, and abil-
ity to give IV injection of
potassium chloride

Easily used

Minimal hazard

Extremely hazardous,
toxic, and difficult to
detect

Must be properly scav-

enged or vented to

minimize exposure to

personnel

Safe

Safe

Safe

Anesthetics may be

hazardous with acci-

dental human expo-
sure

Safe

Small laboratory animals, birds,
cats, small dogs, rabbits, mink
(high concentrations required),
z0o animals, amphibians, fish,
some reptiles, swine

Most small species including
dogs, cats, rodents, mink,
chinchillas, birds, reptiles,
amphibians, zoo animals, rab-
bits

Some amphibians, birds, cats,
dogs, furbearing animals,
rabbits, some reptiles,
rodents and other small mam-
mals, zoo animals, fish, free-
ranging wildlife

Mice, rats

Horses, ruminants, swine

Fish

Most species

Fish, amphibians

Ease Safety Efficacy
Agent Classification Mode of action Rapidity of performance for personnel Species suitability and comments
Barbiturates Hypoxia attributable  Direct depression of cerebral cor-  Rapid onset of Animal must be restrained; per-  Safe except human Most species Highly effective when appropri-
to depression of tex, subcortical structures, and anesthesia sonnel must be skilled to per- abuse potential; ately administered; accept-
vital centers vital centers; direct depression form IV injection DEA-controlled sub- able IP in small animals and |V
of heart muscle stance
Benzocaine Hypoxia attributable ~ Depression of CNS Very rapid, Easily used Safe Fish, amphibians Effective but expensive
hydrochloride to depression of depending on

Effective, but time required
may be prolonged in imma-
ture and neonatal animals

Effective; acceptable only
when equipment is properly
designed and operated

Highly effective provided that
subject is sufficiently
exposed; either is condition-
ally acceptable

Highly effective for special
needs

Instant loss of consciousness,
but motor activity may continue

Effective but expensive

Highly effective, some clonic
muscle spasms may be
observed

Effective but expensive
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Appendix 3

Conditionally acceptable agents and methods

of euthanasia—characteristics and modes of action (refer to text for details)

gas only)

Carbon monoxide (bottled
gas only)

Cervical dislocation

Chloral hydrate

Decapitation

Electrocution

Gunshot

Inhalant anesthetics

Nitrogen, argon

Penetrating captive bolt

Pithing

Thoracic compresion

vital centers

Hypoxia

Hypoxia due to disruption of
vital centers

Hypoxia from depression of
respiratory center

Hypoxia due to disruption of
vital centers

Hypoxia

Hypoxia due to disruption of
vital centers

Hypoxia due to depression
of vital centers

Hypoxia

Physical damage to brain

Hypoxia due to disrution of
vital centers, physical
damage to brain

Hypoxia and cardiac arrest

cortex, subcortical struc-
tures and vital centers;
direct depression of heart
muscle

Combines with hemoglobin,
preventing its combination
with oxygen

Direct depression of brain

Direct depression of brain

Direct depression of brain

Direct depression of brain
and cardiac fibrillation

Direct concussion of brain
tissue

Direct depression of cerebral
cortex, subcortical struc-
tures, and vital centers

Reduces partial pressure of
oxygen available to blood

Direct concussion of brain

tissue

Trauma of brain and spinal
cord tissue

Physical interference with car-
diac and respiratory function

Moderate onset time, but
insidious so animal is
unaware of onset

Moderately rapid

Rapid

Rapid

Can be rapid

Rapid

Moderately rapid onset of
anesthesia; excitation may
develop during induction

Rapid

Rapid

Rapid

Moderately rapid

Requires appropriately main-
tained equipment

Requires training and skill

Personnel must be skilled to
perform IV injection

Requires training and skill

Not easily performed in all
instances

Requires skill and appropri-
ate firearm

Easily performed with closed
container; can be adminis-
tered to large animals by
means of a mask

Used in closed chamber with
rapid filling

Requires skill, adequate
restraint and proper place-
ment of captive bolt

Easily performed but requires
skill

Requires training

Extremely hazardous, toxic,
and difficult to detect

Safe

Safe

Guillotine poses potential
employee injury hazard

Hazardous to personnel

May be dangerous

Must be properly scav-
enged or vented to
minimize exposure to
personnel; ether has
explosive potential and
exposure to ether may
be stressful

Safe if used with ventilation

Safe

Safe

Safe

ranging wildlife

Nonhuman primates, free-
ranging wildlife

Poultry, birds, laboratory
mice, rats (< 200 g), rab-
bits (< 1kg)

Horses, ruminants, swine

Laboratory rodents; small
rabbits; birds; some fish,
amphibians, and reptiles
(latter 3 with pithingf

Used primarily in sheep,
swine, foxes, mink (with
cervical dislocation),
ruminants, animals > 5 kg

Large domestic and zoo
animals, reptiles, amphib-
ians, wildlife, cetaceans
(< 4 meters long)

Nonhuman primates,
swine; ether is condi-
tionally acceptable for
rodents and small
mamals; methoxyflurane
is conditionally accept-
able for rodents and
small mammals.

Cats, small dogs, birds,
rodents, rabbits, other
small species, mink, zoo
animals, nonhuman pri-
mates, free-ranging wildlife

Dogs, rabbits, zoo animals,
reptiles, amphibians,
free-ranging wildlife

Some ectotherms

Small- to medium-sized
free-ranging birds

Mode of Ease of Species Efficacy
Agent Classification action Rapidity performance Safety suitability and comments
Blow to the head Physical damage to brain Direct concussion of brain Rapid Requires skill, adequate Safe Young pigs < 3 weeks old ~ Must be properly applied to
tissue restraint, and appropriate be humane and effective
force
Carbon dioxide (bottled Hypoxia due to depression of  Direct depression of cerebral  Moderately rapid Used in closed container Minimal hazard Nonhuman primates, free-  Effective, but time required

may be prolonged in
immature and neonatal
animals

Effective; acceptable only
when equipment is properly
designed and operated

Irreversible; violent muscle
contractions can occur
after cervical dislocation

Animals should be sedated
prior to administration

Irreversible; violent muscle
contraction can occur
after decapitation

Violent muscle contractions
occur at same time as loss
of consciousness

Instant loss of conscious-
ness, but motor activity
may continue

Highly effective provided that
subject is sufficiently
exposed

Effective except in young
and neonates; an effective
agent, but other methods
are preferable

Instant loss of conscious-
ness but motor activity
may continue

Effective, but death not
immediate unless brain
and spinal cord are pithed

Apparently effective




Appendix 4

Some unacceptable agents and methods of euthanasia (refer to text for details)

Agent or method

Comments

Air embolism

Blow to the head

Burning

Chloral hydrate

Chloroform

Cyanide

Decompression

Drowning

Exsanguination

Formalin

Household products and solvents

Hypothermia

Neuromuscular blocking agents
(nicotine, magnesium sulafte,

agents)

Rapid freezing

Strychnine

Stunning

potassiumchloride, all curariform

Tricaine methane sulfonate (TMS, MS 222)

Air embolism may be accompanied by convulsions, opisthotonos, and vocaliza-
tion. If used, it should be done only in anesthetized animals.

Unacceptable for most species.

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

Unacceptable in dogs, cats, and small mammals.

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 to 60 times faster than that recommended as optimum for ani-
mals, resulting in pain and distress attributable to expanding gases trapped
in body cavities.
(2) Immature animals are tolerant of hypoxia, and longer periods of
decompression are required before respiration ceases.
(3) Accidental recompression, with recovery of injured animals, can occur.
(4) Bleeding, vomiting, convulsions, urination, and defecation, which are
aesthetically unpleasant, may develop in unconscious animals.

Drowning is not a means of euthanasia and is inhumane.

Because of the anxiety associated with extreme hypovolemia, exsanguination
should be done only in sedated, stunned, or anesthetized animals.

Direct immersion of an animal into formalin, as a means of euthanasia, is
inhumane.

Acetone, quaternary compounds (including CCly), laxatives, clove oil,
dimethylketone, quaternary ammonium products®, antacids, and other com-
mercial and household products or solvents are not acceptable agents for
euthanasia.

Hypothermia is not an appropriate method of euthanasia.

When used alone, these drugs all cause respiratory arrest before loss of conscious-
ness, so the animal may perceive pain and distress after it is immobilized.

Rapid freezing as a sole means of euthanasia is not considered to be humane.
If used, animals should be anesthetized prior to freezing.

Strychnine causes violent convulsions and painful muscle contractions.
Stunning may render an animal unconscious, but it is not a method of euthana-
sia (except for neonatal animals with thin craniums). If used, it must be

immediately followed by a method that ensures death.

Should not be used for euthanasia of animals intended as food.

*Roccal D Plus, Pharmacia & Upjohn, Kalamazoo, Mich.
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Effect of Rapid Decompression and Associated
Hypoxic Phenomena in Euthanasia of animals : A
Review

Nicholas H. Booth. DVM. PhD
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onto the Internet. It may not be redistributed by any means, in print or electronically. Reproduction of this material
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(Copyright Act).

SUMMARY

Documentation in the literature indicates that death is as painless following the induction of hypoxia by rapid
decompression as by other methods that lead to hypoxia, such as exposure to high altitude, carbon monoxide, and
inert gases (nitrogen, xenon, and krypton). Many of the signs and symptoms of hypoxia are the same as those for
alcoholic intoxication and inert gas narcosis. Moreover, there is good evidence that analogous relationships or me-
chanisms may exist for hypoxia, inert gas narcosis, and anesthesia.

IN 1972 and 1978, reports of the AVMA Panel on Euthanasia '* included the utilization of hypoxic procedures
in euthanasia of animals. The reports covered the effects of carbon monoxide, nitrogen gas, rapid decompression,
and respiratory paralyzing concentrations of anesthetics, all of which resuit in death by inducing an acute hypoxia
or acute oxygen deficiency.

Controversy has arisen regarding the humaneness of using hypoxic methods of inducing euthanasia in animals,
especially those involving use of rapid decompression or nitrogen gas. Consequently, some cities and states have
passed legislation banning the use of decompression or nitrogen gas. Because of the increasing in-terest of indivi-
duals desiring documented information on whether or not decompression and other hypoxic methods are humane
procedures of killing animals, relevant literature was assembled and is reviewed here.
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Comparative Effects of Decompression, Alcoholic Intoxication,
and Inert Gas Narcosis

TABLE 1—Altitude and Barometric Pressure Relationships Above Sealevel

Altitude Barometric pressure
(ft above sea level) (mm of Hg)
0 760
2000 707
6000 609
10000 522
14000 446
18000 380%*
22000 321
26000 270
30000 226
34000 187
38000 155
42000 128
46000 106
50000 87
54000 72
58000 60
63000 47%*

* Equivalent to one-half the pressure at sea level. **Altitude that ebullition occurs, or equivalent to water vapor pressure in
lungs.

Decompression produces hypoxic effects similar to those observed during ascent in climbing high mountains or
in flying at high altitudes in unpressurized aircraft.’ The higher the altitude the lower the ambient pressure and the
more severe the hypoxia. The percentage composition of the various gases of the atmosphere, however, remains
the same as at sea level.* For example, the percentage of O, at sea level and at any given altitude above sea level is
20.96.* At sea level, the ambient or barometric pressure is 760 mm of Hg, whereas at 55 000 ft above sea level,
the pressure is 68.8 mm of Hg. Thus, the partial pressure of 0, at sea level is 760 X 0.2096 or 159 mm of Hg. At
55,000 ft, the partial pressure of O, is 68.8 x 0.2096 or only 14 mm of Hg (Table 1). The mean arterial blood of
dog or man normally has an O tension (Py,,) of about 95 mm of Hg.” At 55,000 ft, the Py, (14 mm of Hg) is consi-
derably below the physiologie level necessary to proper oxygenation of tissues. This low or deficient Py, results in
severe hypoxia, unconsciousness, and rapid death.

Al

TABLE 2—Comparative Potencies of Inert Gases and Gas Anesthetics Which Produce Equivalent Levels of Anesthesia or
Neurologie Depression in Human Beings and Animals

Gas Anesthetic pressure (ATA)*
Helium >261
Neon 88
Nitrogen 29
Argon 20
Kryton 2,9
Nitrous oxide 0,9
Xenon 0,85
Diethyl ether 0,02
Chloroform 0,015
Halothane 0,008
Data from Miller et al.*” and Saidman et al.®

ATA = Atmospheres absolute.
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Ascent to high altitude and the resultant hypoxia may induce various effects such as excitement, exhilaration,
and euphoria followed by headache, lassitude, sen-sory dullness, visual impairment, neuromuscular weak-ness,
dyspnea, and loss of consciousness.® It is well known that aircraft pilots flying at high altitude and exposed to a
low 0, environment will develop these hypoxic symptoms. Hypoxia may be so acute that loss of consciousness oc-
curs rapidly without prior warning.®’

All manifestations observed in alcoholic intoxication such as headache, drowsiness, severe respiratory depres-
sion and the associated O, deficiency, impaired vision, neuromuscular incoordination, and failure in mental tests
also have been observed in human beings subjected to acute hypoxia* or exposure to decompression.® In all
instances, these efiects are induced by an insufficient Po,, to the brain. Hypoxia or a deficient Po, should not be
confused with suffocation, strangulation, or asphyxiation in which a deficiency in O, is combined with an increa-
sed C0, tension (hypercapnia) as that seen following the action of succinylcholine or d-tubocurarine' in paralysis
of the respiratory musculature (intercostal muscles and diaphragm). Hypercapnia or suffocation is not a factor in
ascent to high altitude or during decompression.

Interestingly, many of the signs and symptoms of hypoxia described here are the same as those for compression
in air and for inert gas narcosis.” Narcosis induced in human beings by their compression in air was reported as
early as the last century. Symptoms resembling alcoholic intoxication were observed in 1835 by Junod.’ This ad-
verse effect on mental perceptivity and on the ability of the human being to perform in compressed air can range
from the euphoria first observed in caisson workers, to amnesia, dangerous hyperconfidence, difficulty in decision
making, and lapses in consciousness in divers.” In 1935, it was learned that this compressed-air intoxication was
due to the nitrogen content of air.'"” A narcotic effect occurs in human beings in air at 3 atmospheres and greater.
Euphoria, retardation of the higher mental processes, and impaired neuromuscular function are observed.'’ The
study of Behnke et al' led to the realization that nitrogen narcosis was just one example of a more general pheno-
menon also characteristic of other inert gases.'"'* The difference between the narcotic actions of these gases is pri-
marily one involving potency rather than the nature of the symptoms they elicit.” According to Hills and Ray,’ the
best index for quantitating this difference is probably provided by the « equinarcotic partial pressure » and can be
extended to include gaseous anesthetics.

Values are available for an assortment of gases and provide a comparative basis for their relative narcotic poten-
cies (Table 2). The more potent inert gas requires the smallest partial pressure in order to elicit the same degree of
narcosis.” Such a comparison infers that inhalant anesthesia is an extension of inert gas narcosis; in fact, there is
good evidence that an analogous relationship or mechanism exists in both conditions."

Similar to the symptoms induced by decompression or alcoholic intoxication, manifestations of inert gas narco-
sis or compressed air narcosis include euphoria, loquacity, hallucination, temporary loss of memory, difficulty in
assimilating facts or in making decisions, overconfidence, delayed response to visual, auditory, olfactory, and tac-
tile stimuli, and impaired neuromuscular coordination leading to stupefaction and loss of consciousness.” Expo-
sure to compressed air at 2 atmospheres absolute (ATA)* or 2 X 760 mm of Hg results in delta activity of the
EEG."” At 7 ATA, signs and symptoms of « nitrogen narcosis » are evident in a large number of individuals, ac-
companied by a slight decrease in the amplitude of the alpha rhythm. At 10 ATA, this decrease is more marked
and the signs of the narcosis are more severe. If the pressure is increased further, un-consciousness occurs. "

* ATA = Unit of pressure (760 mm of Hg) equal to the pressure of air at sea level at 0 C.

Major Effects Observed Following Exposure to Decompression

The effects of decompression on the dog are summarized as foliows '*'*: Immediately after exposure to an am-
bient pressure of 30 mm of Hg, respiration becomes deep and rapid. This hyperventilation lasts for a matter of se-
conds. Marked abdominal distention occurs immediately. This is due to the expansion of gases present in the gas-
trointestinal tract. The animal collapses in about 8 seconds. Convulsions generally occur in from 10 to 12 seconds
and last for several seconds. Decerebrate rigidity also may be observed. It occurs in animals following recompres-
sion or return to normal atmospheric pressure.'’ Following a convulsive seizure, the animal is quiescent except for
occasional respiratory gasps which are ineffective in ventilating the lungs. Usually lacrimation, salivation, and uri-
nation occur.
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In the monkey, gastric contents are suddenly and forcibly ejected at the time the animal is decompressed to alti-
tudes above 55,000 ft."” Thirty to 40 seconds after the reduction of pressure, secondary swelling begins. This
swelling occurs first in the rear limbs and lower abdomen and progresses headward. Animals will survive and
completely recover if exposure to 30 mm of Hg is for less than 90 seconds. Exposures of 2 minutes or longer are
usually fatal.

In the human being, pain from gas expansion in the gut has been uncommon during ascent in altitude, although
most subjects notice a « boiling » sensation in the abdomen.* Some individuals have complained of pain presuma-
bly by esophageal origin following inadvertent attempts to eruct during ascent. In addition to abdominal pain prior
to unconsciousness, generalized chest pain has been reported by human subjects a few seconds before loss of
consciousness.”

Neurologie Influence of Decompression

Of the tissues in the body, nervous tissue is the least capable of withstanding the effects of hypoxia.* In the hu-
man being, acute hypoxia resembles alcoholic intoxication because of the marked O, deficiency and respiratory
depression that develops. The symptoms are headache, mental disorientation, drowsiness, depressed res-piratory
activity, neuromuscular weakness, and incoordination.”! According to Van Liere,” « A person exposed to a low
oxygen tension often passes through an initial stage of euphoria, accompanied by a feeling of self-satisfaction and
a sense of power. The oxygen want stimulates the central nervous System so that the subject may become hila-
rious and sing or shout, and other emotional disturbances often manifest themselves. »

As exposure to low Po, levels is increased, loss of consciousness occurs. An aircraft pilot exposed suddenly to an
altitude of 45,000 ft above sea level will become unconscious in 13 to 16 seconds.” Unconsciousness can only be
avoided if 100% O, is inspired within 5 to 7 seconds. Pilots subjected to 33,000 ft and breathing 100% O, and im-
mediately exposed to 52,500 ft for less than 6 seconds and then recompressed to 33,000 ft do not lose conscious-
ness.” If exposure is longer than 6 seconds, unconsciousness will occur even while breathing 100% O,

In the human being, temporary arrest of the circulation to the brain without affecting the respiratory tract has
been accomplished by means of a specially de-signed inflatable cervical pressure cuff.** Characteristic reactions
resulting from acute arrest of the circulation to the brain for 5 to 10 seconds are fixation of the eyeballs, blurring
of vision, loss of consciousness, and hy-poxic convulsions. Loss of consciousness precedes the hypoxic convul-
sion. Convulsive seizures are of a generalized tonic and clonic type. Inasmuch as the convulsion is preceded by
loss of consciousness, the person remains unconscious throughout the seizure and has no memory of it. Electroen-
cephalographic recordings reveal the sudden appearance of large slow waves (delta waves) that are closely corre-
lated with fixation of the eyes or loss of consciousness. Also, EEG and other electrical recordings have been made
for human subjects made hypoxic by breathing nitrogen,”** low 0, concentrations,” and in those decompressed to
simulated altitudes of 45,000 ft.** In animals, electrical cortical activity of the brain has been recorded following
hypoxemia *” and decompression.”®

The cerebral circulation has been arrested for as long as 100 seconds in human beings.** All subjects regain
consciousness within 30 to 40 seconds after restoration of circulation. During the arrest, loss of consciousness,
convulsions, marked cyanosis, involuntary urination and defecation, bradycardia, and dilation of pupils are obser-
ved.” These signs are comparable to those observed in animals following the induction of hypoxia by decompres-
sion.

In the dog, arrest of brain circulation for 6 minutes or less recover neurologie function, whereas those subjected
to periods of circulatory arrest for 8 minutes or longer usually have permanent brain damage.* Urination frequent-
ly occurs during the first minute of circulatory arrest. Respiratory activity ceases 15 to 20 seconds after arrest of
brain circulation in most animals This results in development of severe hypoxia.

During a period referred to as hyperactive coma following circulatory arrest, there are rapid running movements
of all limbs, often accompanied by salivation and vocalization. These coordinated and rhythmic movements along
with vocalization occur with the dog lying unconscious on its side.?” Early in the period of hyperactive coma, ex-
tensor rigidity is seen, usually expressed as opisthotonos with the jaws closed tightly. During intervals between
running movements, there is moderate extensor rigidity predominantly in the forelimbs.?’ Manifestations of the si-
gns observed in dogs during the period of hyperactive coma are almost, if not identical, to what the author has
seen in some dogs subjected to the early period of rapid decompression or exposure; lethal concentrations of car-
bon monoxide.
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According to Kabat et al,”” running movements during the period of hyperactive coma are similar to those that
occur during recovery from barbiturate anesthesia. Veterinarians are well acquainted with these running move-
ments and vocalization during the delirium period during recovery from pentobarbital sodium anesthesia.*” The
animal is comatose or unconscious during this period which is characteristic of stage-2 anesthesia.*

Pulmonary and Cardiovascular Influences of Decompression

The most consistent and outstanding response observed in animals (cat, dog, rat, rabbit, and guinea pig) follo-
wing decompression is the development of abdominal distention.*’ Abdominal distention is greatest in the guinea
pig and rabbit due to the relatively large amounts of gas normally present in the gastrointestinal tracts of these ani-
mals. As the distention increases, the diaphragm is forced up into the expiratory position, while the thorax is lifted
into the inspiratory position. In the rabbit and guinea pig, these effects may be so prominent as to interfere se-
riously with, or actually prevent, respiratory movements. This distention and pressure build up inevitably inter-
feres with blood returning to the heart by way of the caudal vena cava. A positive intra-abdominal pressure of the
magnitude observed at a simulated altitude of 55,000 ft must be sufficient to interfere with venous return to the
heart.*> A marked reduction in venous return results in a decrease in cardiac output and prompt lowering of arterial
pressure. This reduces the latent period of the hypoxic response since, in addition, the arterial pressure and blood
flow to the brain and heart also are reduced. Hypoxia impairs the heart as a circulatory pump. Cardiovascular vas-
cular depression is as prompt and the hypoxia as complete following decompression to 55,000 ft as at higher si-
mulated altitudes.™

In dogs exposed to decompression, there is a rapid drop in systemic arterial pressure.*' Also, in dogs decompres-
sed to 30 mm of Hg (ie, equivalent to an altitude of 72,000 ft), circulation is completely stopped in less than 16 se-
conds after decompression.'® This circulatory arrest results from vapor or bubbles due to the expansion of blood
gases in the heart or vascular bed and corresponds to what an engineer refers to as vapor lock. Brief arrest of
blood flow to the brain of the adult dog produces coma for 12 to 18 hours; after 6 minutes, for 24 hours or longer
and; after 8 or more minutes, coma is permanent.”

More than 40 years ago, Lennox et al ** reported that in human beings loss of consciousness occurs when O, sa-

turation of the jugular venous blood drops to 24 % or below. The percentage 0, saturation bas been determined in
the dog 30 seconds following decompression to various barometric pressures.’* Decrease in percentage saturation
does not occur until pressures less than 510 mm of Hg are attained. Oxygen saturation decreases sharply at baro-
metric pressures between 510 mm of Hg and 50 mm of Hg. The percentage saturation is zero at 50 mm of Hg am-
bient pressure. At an ambient pressure less than 52 mm of Hg intravascular, bubbles are a frequent finding in the
dog but bubbles are not found at higher pressures.*

Evaporation of body fluids may lower the oral temperature below freezing and also may lower the internal body
temperature several degrees in less than 2 minutes in dogs subjected to near vacuum (1 mm of Hg) conditions.*

Cardiovascular responses of dogs to nitrogen breathing at ground level and to hypoxia at 55 mm of Hg absolute
are quite similar.”® The systemic arterial pressure drops, and pulmonic arterial pressure increases due to the
hypoxia produced by nitrogen or decompression. Venous pressure increases following decompression *’ but re-
mains within a normal range throughout the hypoxic episode during nitrogen breathing.** Apnea occurs sooner du-
ring decompression to 55 mm of Hg within an average of about 60 seconds compared with about 80 seconds for
dogs breathing nitrogen. Bradycardia occurs following the hypoxic episodes produced by both nitrogen breathing
and decompression to 55 mm of Hg. However, the heart rate decreases sooner and falls to lower levels following
decompression compared with animals breathing nitrogen.

Decompression of anesthetized dogs to near vacuum (4 mm of Hg) for 60 seconds causes severe reduction of ar-
terial blood flow.*® Hemodynamic effects produced at 4 mm of Hg are attributable largely to mechanical obstruc-
tion of the cardiovascular system by increased extravascular pressures, resulting from gas expansion and especial-
ly vaporization of water.

The effects of hypoxia produced by decompression to a simulated altitude of 30,000 feet for 90 minutes s been
studied in unanesthetized dogs.”> A consistent result of decompression was a marked decrease in plasma-potas-
sium concentration. Plasma sodium concentration remains unchanged.
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Otologic Influence of Decompression

The effect of decompression on the middle ear of the monkey has been studied.”’ In the course of decompres-
sion at a slow rate (50 mm of Hg/min), the eustachian tube opened periodically to keep the tympanic pressure
open to the ambient pressure. Periodic opening of the eustachian tube occurred only when the decompression rate
was slow. When the rate of decompression is higher than 120 mm of Hg per minute, a sustained patency of the
eustachian tube results. Even at excessive rates of decompression, such as seen during explosive decompression,
the middle ear pressure very quickly returns to that of the ambient pressure.

Explosive decompression occurs at a rate many times faster than that used in rapid decompression. For example,
explosive decompression can occur in about 12 to 40 msec with a drop in barometric pressure from 740 mm of Hg
to 25 mm of Hg or less."'” Rapid decompression may vary in time from 10,000 msec and upward.’

Evidence indicates that tympanic hemorrhage and pain are caused by negative pressure (> 600 mm of Hg) that
develops in the middle ear during recompression whether the latter is gradual or explosive.* Hemorrhage in the
frontal sinuses of dogs also has been observed and attributed to rapid recompression.*!

Myringopuncture can prevent development of negative pressure and therefore can prevent the production of ba-
rotraumatic lesions to the ear. Puncture of both ear drums also completely eliminates bradycardia during recom-
pression of the unanesthetized monkey brought down from 42,000 ft at a faster rate than free fall."” Apparently the
bradycardia that occurs during recompression is due to the unequalized negative middle-ear pressure and is me-
diated reflexly by the vagus nerve. It has been suggested that impulses from receptors, possibly pain receptors, in
the middle-ear or tympanic membrane, or both, initiate this reflex.

In human beings, ear discomfort and severe pain have been observed principally during recompression or upon
descending to a lower altitude.”**** There are rare cases where barotrauma involving the ears or sinuses occur du-
ring ascent.** A predisposing factor in all such cases was upper respiratory infection. This is not surprising, for it
is known that inflammation of the respiratory tract mucosa can interfere with ventilation of the middle ear and
paranasal sinuses.*

Pathologie Effects Following Decompression

The gross pathologie lesions seen in dogs following decompression are hemorrhagic in nature.* Petechial to ec-
chymotic hemorrhages in the lungs occur. Cardiac damage occurs also with ecchymotic hemorrhages on the mitral
valves of some animals. Ecchymotic hemorrhage occurs also under the dura mater encompassing the sagittal sinus
of the brain.

Hemorrhagic lesions following decompression of the explosive type are found primarily in the lungs, brain, and
heart.* Of these, the pulmonary lesions are most common.*“* It is thought that these lesions occur as a resuit of
the sudden increase in intrapulmonary pressure during decompression. The sudden rapid expansion of the lungs
with stretching of the alveolar walls probably results in tearing of these structures.

Residual histopathologic changes in the central nervous system of dogs have been described following rapid de-
compression to 1 mm of Hg for 120 seconds.”’

Effect of Decompression and Other Hypoxic Episodes on Survival
Time

Unconsciousness or collapse in adult dogs exposed to simulated altitudes between 50,000 and 55,000 ft, whe-
ther breathing air or 100 % O,, occurs in less than 9 or 10 seconds following exposure.'* « Complete anoxia » or
« complete hypoxia » therefore occurs at these altitudes (ie, 52,500 ft) in animals breathing either air or 100%
0,.**% In human beings, the potentially severe hypoxia encountered above 50,000 ft begins to become effective-
ly reversed at the 50,000-ft level, improving rapidly with continued recompression to 40,000 ft or lower.*
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Studies in animals have shown that survival time decreases with increasing altitude as the severity of hypoxia
increases.”® However, the survival time reaches a minimum and remains constant regardless of further increase in
altitude. The minimal survival time of animals exposed to rapid decompression has been studied in O, and in air
by Lutz.”' In animals breathing 0,, Lutz found that a minimal survival time of 25 seconds was attained when ani-
mals were decompressed to a simulated altitude of 52,000 ft. Following the same procedure to altitudes below
52,000 ft the survival times were longer, and to altitudes above 52,000 ft the survival times did not become signi-
ficantly shorter but remained approximately 25 seconds. In animals breathing air, Lutz observed that a minimal
survival time of 25 seconds was reached on decompression to 43,000 ft or above.

The survival time of unanesthetized animals (rats) after decompression in air, when cessation of respiration is
used as the end point, is constant for all simulated final decompression altitudes above 52,000 ft.*’ In the rat, at si-
mulated altitudes of 52,000 and above, rhythmic respiration ceased on the average of 17,8 seconds after decom-
pression in air. Studies on the effects of decompression of dogs and rats from sea level to 30 mm of Hg (ie, 72,000
ft) revealed that respiration ceased at about 30 seconds. Also, it is of interest and noteworthy that respiration in
dogs ceases in 15 to 20 seconds after sudden complete arrest of the cerebral circulation.”

As exposure to high altitude and the accompanying hypoxic environment increases, resistance or tolerance to
hypoxia becomes less.” Tolerance to high altitude or decompression appears to vary with various animal species.
Compared with the guinea pig, the cat and dog are more tolerant.”” Cats, rabbits, cavies, hamsters, rats, and mice
fail to survive a decompression of 100 mm of Hg (ie, 47,000 ft) for 3 minutes.”

The respiratory center is most resistant to hypoxia at birth, then declines through the 4th month of life in the
dog.> Resistance to hypoxia induced by nitrogen at birth varies from 28 minutes in the ground squirrel, to 16 mi-
nutes in the cat, to 6 minutes in the guinea pig.> The origin of hypoxic resistance in mammals has not been identi-
fied.

Adult rabbits can tolerate an anoxie atmosphere of 100 % nitrogen for only 1,5 minutes before death, whereas
the newborn rabbit can survive for as long as 27 minutes.”® In the adult dog, acute occlusion of the cerebral circu-
lation and resultant hypoxia produce cessation of spontaneous respiration after only 20 to 30 seconds; in the 8- to
10-day-old puppy, this effect occurs in 5 minutes, and in the newborn animal, occurs in 27 minutes. Reptiles and
amphibians can tolerate O, deprivation to a much greater extent than the mammalian species; for example, the
turtle can tolerate anoxia produced by 100 % nitrogen for several hours and a dose of cyanide 50 times greater
than that toxic to the mammal.**”’

Exposure of the dog to a near vacuum environment (less than 2 mm of Hg absolute) indicates that dogs exposed
for less than 120 seconds are capable of survival upon recompression to 35,000 ft while breathing O,.'"* In such
animals, collapse occurs within 9 to 10 seconds after decompression along with a generalized muscle spasticity, a
few gasps, momentary convulsive seizures, apnea, and gross swelling of the body and extremities.

Humane Considerations of Decompression

The rapid decompression technique for producing hypoxia (not the explosive decompression method) has been
used for euthanasia of animals.”** There have been many pathophysiologic studies involving the use of animals
subjected to decompression. Most were conducted by high altitude or space research laboratories, so manned
space flights could be accomplished with a minimum of hazard. Sufficient evidence as indicated by EEG recor-
dings have revealed that hypoxia rapidly induces unconsciousness in both animals and man subjected to high alti-
tude simulated by the use of decompression chambers or inhalation of inert gases. It is not known what the subjec-
tive perceptions of an animal in a chamber may be but when properly done, decompression is a painless procedure
for all species ** Decompression at the rate of 4,000 ft per minute for 10 minutes, thus creating a simulated altitude
of 40,000 ft (141 mm of Hg), and maintaining this presure until respiration ceases are considered optimal for a
mature dog.” For adults of other species such as cats, rabbits, cavies, hamsters, rats, and mice, a decompression of
100 mm of Hg (ie, 47,000 ft above sea lel) for 3 minutes is adequate for induction of euthanasia following a de-
compression rate of 15 mm of Hg per minute.”
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As emphasized in the 1978 AVMA Panel on Euthanasia report,® the successful use of decompression chambers
is predicated on the proper operation and maintenance of the equipment. Personnel operating the equipment must
be skilled and knowledgeable in its use as well as understand the esthetically unpleasant reactions manifested by
animals during the period of hyperactive coma or unconsciousness prior to death. Dogs under 4 months of age are
more tolerant to hypoxia and require longer periods of decompression before respiration ceases.* Animals with
respiratory complications and especially those with otitis media should not be subjected to decompression because
of the possibility of the development of pain from unequalized positive middle-ear pressure.
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Effect of Rapid Decompression and Associated Hypoxic
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SUMMARY

Level

TABLE 1—Altitude and Barometric Pressure Relationships AbIDVe

Documentation in the literature indicates that death - -
Altitude Barometric pressure

ijs as painless following the induction of hypoxia by
rapid decompression as by other methods that lead to
hypoxia, such as exposure to high altitude, carbon
monoxide, and inert gases (mitrogen, genon, and
krypton). Many of the signs and symptoms of hypoxia
are the same as those for alcoholic intoxication and
inert gas narcosis. Moreover, there is good evidence
that analogous relationships or mechanisms may exist
for hypoxia, jnert gas narcosis, and anesthesia.

Ix 1972 and 1978, reports of the AVMA Panel on Eu-

thanasial? included the utilization of hypoxic proce-

dures in euthanasia of animals. The reports covered the = Equivalent to one-half the pressure at 562
- occurs, OT equivalent to water vapor pressuré 1 lungs.

effects of carbon monoxide, nitrogen gas, rapid decom-
pression, and respiratory paralyzing concentrations of

acute hypoxia or acute oxygen deficiency.
Controversy has arisen regarding the humaneness of

using hypoxic methods of inducing euthanasia in ani- percentage composition of the various gase

se involving use of rapid decompres- mosphere, however, remains the same as a

mals, especially tho
sion or nitrogen gas- Consequently, some cities and For example, the percentage of 0. at sea

states have passed legislation banning the use of decom-
pression Or nitrogen gas. Recause of the increasing in- level, the ambient or barometric pr

terest of individuals desiring documente

whether or not decompression and other hypoxic meth-
cedures of killing animals, relevant level is 760 x 0.2096 or 159 mm of Hg.

ods are humane pro
literature was assembled and is reviewed here. the partial pressure of 0.5 68.8 X 0.2096 or o
of Hg (Table 1). The mean arterial blood of dog oT
Comparative Effects of Decompression, normally has an O. tension (Po,) of about 95 M
Alcoholic Infoxication, and Hgs At 55,000 ft, the Po, (14 mm of Hg) is cons!
ably below the physiologic level necessary intd

Inert Gas Narcosis e i
: g g proper oxygenation 0 issues. This low or
thoszez%ns?;fglﬁl Przdzgssnsﬁoflfm%i?;tshig}? lizzuﬁlo results in severe hypoxia, anconsciousness,
~  death.

i
From the Department of Physiology and Pharmacology, College of Vet-
erinary Medicine, University of Georgia, Athens, GA 30602.

N8

(ft above sea level) (mm of Hg)

sea level. T Altitude that cbulli

all of which result in death by inducing an tains or in flying at high altitudes in unpress
aircraft.? The higher the altitude the lower the am

bient pressure and the more severe the hypoxia.

any given altitude above sea level is 20.96.*
essure is 760 mm

d information on  Hg, whereas at 55,000 ft above sea level, the pressur
68.8 mm of Hg. Thus, the partial pressure of O

Ascent to high altitude and the resultant hy?ol
may induce various effects such as excitement, exi
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TABLE 2—Comparative Potencies of Inert Gases and Gas Anesthetics
Which Produce Equivalent Levels of Anesthesia or Neurologic De-
pression in Human Beings and Animals

Gas Anesthetic pressure (aTa)*
-

Helium > 261

Neon 88

Niirogen 29

Argon 20

Krypton 29

Nitrous oxide 0.9

Xenon 0.85

Diethyl ether 0.02
Chloroform 0.015
Halothane 0.008

Data from Miller et al® and Saidman et al.® ara — Atmospheres

shsolute.

tion, and euphoria followed by headache, lassitude, sen-
sory dullness, visual impairment, neuromuscular weak-
ness, dyspnea, and loss of consciousness.t It is well
known that aircraft pilots flying at high altitude and
exposed to a low O. environment will develop these hy-
poxic symptoms. Hypoxia may be so acute that loss of
consciousness occurs rapidly without prior warning.6-7

All manifestations observed in alcoholic intoxication
such as headache, drowsiness, severe respiratory depres-
sion and the associated O. deficiency, impaired vision,
neuromuscular incoordination, and failure in mental
tests also have been observed in human beings sub-
jected to acute hypoxia* or exposure to decompression.3
In all instances, these effects are induced by an insuffi-
cient Py, to the brain. Hypoxia or a deficient P,,, should
not be confused with suffocation, strangulation, or as-
phyxiation in which a deficiency in Q. is combined with
an increased CO. tension (hypercapnia) as that seen
following the action of succinylcholine or d-tubocurarine!
m paralysis of the respiratory musculature (intercostal
muscles and diaphragm). Hypercapnia or suffocation is
not a factor in ascent to high altitude or during decom-
pression.

Interestingly, many of the signs and symptoms of
hypoxia described here are the same as those for com-
pression in air and for inert gas narcosis.? Narcosis in-
duced in human beings by their compression in air was
reported as early as the last century. Symptoms re-
sembling alcoholic intoxication were observed in 1835
by Junod.? This adverse effect on mental perceptivity
and on the ability of the human being to perform in
compressed air can range from the euphoria first ob-
served in caisson workers, to amnesia, dangerous hyper-
confidence, difficulty in decision making, and lapses in
consciousness in divers.? In 1935, it was learned that
this compressed-air intoxication was due to the nitrogen
content of air.l® A narcotic effect occurs in human be-
ings in air at 3 atmospheres and greater. Euphoria, re-
tardation of the higher mental processes, and impaired
heuromuscular function are observed.’® The study of
Behnke et al'® led to the realization that nitrogen nar-
Cosis was just one example of a more general phenom-
énon also characteristic of other inert gases.1112 The
difference between the narcotic actions of these gases
Is primarily one involving potency rather than the na-
ture of the symptoms they elicit. According to Hills
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and Ray,® the best index for quantitating this difference
is probably provided by the “equinarcotic partial pres-
sure” and can be extended to include gaseous anesthet-
1Cs.

Values are available for an assortment of gases and
provide a comparative basis for their relative narcotic
potencies (Table 2). The more potent inert gas requires
the smallest partial pressure in order to elicit the same
degree of narcosis.® Such a comparison infers that in-
halant anesthesia is an extension of inert gas narcosis;
in fact, there is good evidence that an analogous rela-
tionship or mechanism exists in both conditions.1?

Similar to the symptoms induced by decompression
or alcoholic intoxication, manifestations of inert gas nar-
cosis or compressed air narcosis include euphoria, lo-
quacity, hallucination, temporary loss of memory, diffi-
culty in assimilating facts or in making decisions, over-
confidence, delayed response to visual, auditory, olfac-
tory, and tactile stimuli, and impaired neuromuscular
coordination leading to stupefaction and loss of con-
sciousness.” Exposure to compressed air at 2 atmo-
spheres absolute (ATA)* or 2 X 760 mm of Hg results in
delta activity of the EEc.1* At 7 ara, signs and symp-
toms of “nitrogen narcosis” are evident in a large num-
ber of individuals, accompanied by a slight decrease in
the amplitude of the alpha rhythm. At 10 aTa, this de-
crease is more marked and the signs of the narcosis are
more severe. If the pressure is increased further, un-
consciousness occurs.!3

Major Effects Observed Following

Exposure to Decompression

The effects of decompression on the dog are sum-
marized as follows'4-1%: Immediately after exposure to
an ambient pressure of 80 mm of Hg, respiration be-
comes deep and rapid. This hyperventilation lasts for a
matter of seconds. Marked abdominal distention occurs
immediately. This is due to the expansion of gases
present in the gastrointestinal tract. The animal col-
lapses in about 8 seconds. Convulsions generally occur
in from 10 to 12 seconds and last for several seconds.
Decerebrate rigidity also may be observed. It occurs in
animals following recompression or return to normal at-
mospheric pressure.’® Following a convulsive seizure,
the animal is quiescent except for occasional respiratory
gasps which are ineffective in ventilating the lungs. Usu-
ally lacrimation, salivation, and urination occur.

In the monkey, gastric contents are suddenly and
forcibly ejected at the time the animal is decompressed
to altitudes above 55,000 ft.1* Thirty to 40 seconds
after the reduction of pressure, secondary swelling be-
gins. This swelling occurs first in the rear limbs and
lower abdomen and progresses headward. Animals will
survive and completely recover if exposure to 30 mm of
Hg is for less than 90 seconds. Exposures of 2 minutes
or longer are usually fatal.

In the human being, pain from gas expansion in the
gut has been uncommon during ascent in altitude, al-
though most subjects notice a “boiling” sensation in

2 aTa = Unit of pressure (760 mm of Hg) equal to the pressure of air
at sea level at 0 C.
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the abdomen.? Some individuals have complained of
pain presumably by esophageal origin following inad-
vertent attempts to eruct during ascent. In addition to
abdominal pain prior to unconsciousness, generalized
chest pain has been reported by human subjects a few
seconds before loss of consciousness.??

Neurologic Influence of Decompression

Of the tissues in the body, nervous tissue is the least
capable of withstanding the effects of hypoxia.! In the
human being, acute hypoxia resembles alcoholic intox-
;cation because of the marked 0. deficiency and respira-
tory depression that develops. The symptoms are head-
ache, mental disorientation, drowsiness, depressed res-
piratory activity, neuromuscular weakness, and incoordi-
nation.?! According to Van Liere,2t “A person exposed
to a low oxygen tension often passes through an initial
stage of euphoria, accompanied by a feeling of self-satis-
faction and a sense of power. The oxygen want stimu-
lates the central nervous system so that the subject may
become hilarious and sing or shout, and other emotional
disturbances often manifest themselves.”

As exposure to low P, levels is increased, loss of
consciousness occurs. An aircraft pilot exposed sud-
denly to an altitude of 45,000 ft above sea level will be-
come unconscious in 13 to 16 seconds.?? Unconscious-
ness can only be avoided if 100% O. is inspired within
5 to 7 seconds. Pilots subjected to 33,000 it and breath-
ing 100% O- and immediately exposed to 52,500 ft for
less than 6 seconds and then recompressed to 33,000 ft
do not lose consciousness.*? If exposure is longer than
6 seconds, unconsciousness will occur even while breath-
ing 100% O-.

In the human being, temporary arrest of the circu-
lation to the brain without affecting the respiratory
tract has been accomplished by means of a specially de-
signed inflatable cervical pressure cuff.** Characteristic
reactions resulting from acute arrest of the circulation
to the brain for 5 to 10 seconds are fixation of the eye-
balls, blurring of vision, loss of consciousness, and hy-
poxic convulsions. Loss of consciousness precedes the
hypoxic convulsion. Convulsive seizures are of a gen-

eralized tonic and clonic type. Inasmuch as the convul-
sion is preceded by loss of consciousness, the person re-
mains unconscious throughout the seizure and has no
memory of it. Electroencephalographic recordings re-
veal the sudden appearance of large slow waves (delta
waves) that are closely correlated with fixation of the
eyes or Joss of consciousness. Also, EEG and other elec-
trical recordings have been made for human subjects
made hypoxic by breathing nitrogen,>*2® low 0. concen-
trations,2® and in those decompressed to simulated alti-
tudes of 45,000 ft>* In animals, electrical cortical
activity of the brain has been recorded following hypox-
emia2” and decompression.>®

The cerebral circulation has been arrested for as
long as 100 seconds in human beings.** All subjects
regain consciousness within 30 to 40 seconds after res-
toration of circulation. During the arrest, loss of con-
sciousness, convulsions, marked cyanosis, involuntary
urination and defecation, bradycardia, and dilation of
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pupils are observed.? These signs are comparable
those observed in animals following the induction
hypoxia by decompression. :

In the dog, arrest of brain circulation for 6 minuteg
or less recover neurologic function, whereas those sy
jected to periods of circulatory arrest for 8 minutes q
longer usually have permanent brain damage.?® Urj
tion frequently occurs during the first minute of cir
latory arrest. Respiratory activity ceases 15 to 20 sec.
onds after arrest of brain circulation in most animals
This results in development of severe hypoxia. :

During a period referred to as hyperactive coma
lowing circulatory arrest, there are rapid running mo
ments of all limbs, often accompanied by salivation
vocalization. These coordinated and rhythmic move
ments along with vocalization occur with the dog ly
unconscious on its side.?* Early in the period of hy
active coma, extensor rigidity is seen, usually expr
as opisthotonos with the jaws closed tightly. Du
intervals between running movements, there is mode
extensor rigidity predominantly in the forelimh
Manifestations of the signs observed in dogs during
period of hyperactive coma are almost, if not identic;
to what the author has seen in some dogs subjected
the early period of rapid decompression Or exposur
lethal concentrations of carbon monoxide. .

According to Kabat et al,? running movements dt
ing the period of hyperactive coma are similar to tho:
+that occur during recovery from barbiturate anesthes
Veterinarians are well acquainted with these run
movements and vocalization during the delirium per
during recovery from pentobarbital sodium anesthesia
The animal is comatose OT unconscious during this
riod which is characteristic of stage-2 anesthesia.3%

Pulmonary and Cardiovascular Influences
of Decompression

The most consistent and outstanding response
served in animals (cat, dog, rat, rabbit, and guinea p
following decompression is the development of abd
inal distention.?* Abdominal distention is greatest
the guinea pig and rabbit due to the relatively la
amounts of gas normally present in the gastrointest:
tracts of these animals. As the distention increases, b
diaphragm is forced up into the expiratory posit
while the thorax is lifted mto the inspiratory posit
In the rabbit and guinea pig, these effects may be
prominent as to interfere seriously with, or actually pr
vent, respiratory movements. This distention and t
pressure build up inevitably interferes with blood I
turning to the heart by way of the caudal vena €&
A positive intra-abdominal pressure of the magn
observed at a simulated altitude of 55,000 ft mus
sufficient to interfere with venous return to the he
A marked reduction in venous return results in 2
crease in cardiac output and prompt lowering of art
pressure. This reduces the latent period of the hyp?
response since, in addition, the arterial pressure :
blood flow to the brain and heart also are reduced.
poxia impairs the heart as a circulatory pump. Card
vascular depression is as prompt and the hypoxd
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Cgmplete following decompression to 55,000 ft as at
| pigher simulated altitudes.??

in dogs exposed to decompression, there is a rapid

in systemic arterial pressure.?’ Also, in dogs de-
'wmpressed to 30 mm of Hg (ie, equivalent to an alti-
sde of 72,000 ft), circulation is completely stopped in
Jess than 16 seconds after decompression.l® This circu-
jatory arrest results from vapor or bubbles due to the
expansion of blood gases in the heart or vascular bed
and corresponds to what an engineer refers to as vapor
Jock- Brief arrest of blood flow to the brain of the adult
dog produces coma for 12 to 18 hours; after 6 minutes,
r 24 hours or longer and; after 8 or more minutes,
' oma is permanent.?®
~ More than 40 years ago, Lennox et al®® reported
+hat in human beings loss of consciousness occurs when
0. saturation of the jugular venous blood drops to 24%
_or below. The percentage O. saturation has been deter-
mined in the dog 30 seconds following decompression
“tp various barometric pressures.®* Decrease in per-
centage saturation does not occur until pressures less
than 510 mm of Hg are attained. Oxygen saturation
decreases sharply at barometric pressures between 510
" mm of Hg and 50 mm of Hg. The percentage satura-
" fon is zero at 50 mm of Hg ambient pressure. At an
ambient pressure less than 52 mm of Hg intravascular,
pubbles are a frequent finding in the dog but bubbles
{ are not found at higher pressures.?*

Evaporation of body fluids may lower the oral
#® temperature below freezing and also may lower the
f internal body temperature several degrees in less than
¥ 9 minutes in dogs subjected to near vacuum (1 mm of
Hg) conditions.??

Cardiovascular responses of dogs to nitrogen breath-
ing at ground level and to hypoxia at 55 mm of Hg
absolute are quite similar.?®¢ The systemic arterial pres-
sure drops, and pulmonic arterial pressure increases due
io the hypoxia produced by nitrogen or decompression.
Venous pressure increases following decompression?’ but
Temains within a normal range throughout the hypoxic
episode during nitrogen breathing.?® Apnea occurs
sooner during decompression to 55 mm of Hg within
an average of about 60 seconds compared with about
80 seconds for dogs breathing nitrogen. Bradycardia
occurs following the hypoxic episodes produced by both
Ditrogen breathing and decompression to 55 mm of Hg.
However, the heart rate decreases sooner and falls to
lower levels following decompression compared with
animals breathing nitrogen.

Decompression of anesthetized dogs to near vacuum
{4 mm of Hg) for 60 seconds causes severe reduction
of arterial blood flow.?® Hemodynamic effects produced
a4 mm of Hg are attributable largely to mechanical

ction of the cardiovascular system by increased
Siravascular pressures, resulting from gas expansion
and especially vaporization of water.

The effects of hypoxia produced by decompression
© a simulated altitude of 30,000 feet for 90 minutes

been studied in unanesthetized dogs.?® A consistent

t of decompression was a marked decrease in
a-potassium concentration. Plasma sodium con-
“niration remains unchanged.
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Otologic Influence of Decompression

The effect of decompression on the middle ear of
the monkey has been studied.** In the course of de-
compression at a slow rate (50 mm of Hg/min), the
eustachian tube opened periodically to keep the tym-
panic pressure open to the ambient pressure. Periodic
opening of the eustachian tube occurred only when
the decompression rate was slow. When the rate of
decompression is higher than 120 mm of Hg per minute,
a sustained patency of the eustachian tube results.
Even at excessive rates of decompression, such as seen
during explosive decompression, the middle ear pressure
very quickly returns to that of the ambient pressure.

Explosive decompression occurs at a rate many
times faster than that used in rapid decompression.
For example, explosive decompression can occur in
about 12 to 40 msec with a drop in barometric pressure
from 740 mm of Hg to 25 mm of Hg or less.’>!” Rapid
decompression may vary in time from 10,000 msec and
upward.?

Evidence indicates that tympanic hemorrhage and
pain are caused by negative pressure (> 600 mm of
Hg) that develops in the middle ear during recom-
pression whether the latter is gradual or explosive.?
Hemorrhage in the frontal sinuses of dogs also has been
observed and attributed to rapid recompression.!

Myringopuncture can prevent development of nega-
tive pressure and therefore can prevent the production
of barotraumatic lesions to the ear. Puncture of both
ear drums also completely eliminates bradycardia dur-
ing recompression of the unanesthetized monkey
brought down from 42,000 ft at a faster rate than free
fall.’® Apparently the bradycardia that occurs during
recompression is due to the unequalized negative
middle-ear pressure and is mediated reflexly by the
vagus nerve. It has been suggested that impulses from
receptors, possibly pain receptors, in the middle-ear or
tympanic membrane, or both, initiate this reflex.

In human beings, ear discomfort and severe pain
have been observed principally during recompression or
upon descending to a lower altitude.?2443 There are
rare cases where barotrauma involving the ears or
sinuses occur during ascent.® A predisposing factor in
all such cases was upper respiratory infection. This is
not surprising, for it is known that inflammation of the
respiratory tract mucosa can interfere with ventilation
of the middle ear and paranasal sinuses.**

Pathologic Effects Following Decompression

The gross pathologic lesions seen in dogs following
decompression are hemorrhagic in nature.*® Petechial
to ecchymotic hemorrhages in the lungs occur. Cardiac
damage occurs also with ecchymotic hemorrhages on
the mitral valves of some animals. Ecchymotic hemor-
rhage occurs also under the dura mater encompassing
the sagittal sinus of the brain.

Hemorrhagic lesions following decompression of the
explosive type are found primarily in the lungs, brain,
and heart.#> Of these, the pulmonary lesions are most
common.4546 Tt is thought that these lesions occur as
a result of the sudden increase in intrapulmonary pres-
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sure during decompression. The sudden rapid expansion
of the lungs with stretching of the alveolar walls prob-
ably results in tearing of these structures.

Residual histopathologic changes in the central
nervous system of dogs have been described following
rapid decompression to 1 mm of Hg for 120 seconds.*”

Effect of Decompression and Other Hypoxic
Episodes on Survival Time

Unconsciousness or collapse in adult dogs exposed
to simulated altitudes between 50,000 and 55,000 ft,
whether breathing air or 100% O, occurs in less than
9 or 10 seconds following exposure.’* ‘“Complete
anoxia” or “complete hypoxia” therefore occurs at these
altitudes (ie, 52,500 ft) in animals breathing either air
or 100% 03244 In human beings, the potentially
severe hypoxia encountered above 50,000 ft begins to
become effectively reversed at the 50,000-ft level, im-
proving rapidly with continued recompression to 40,000
ft or lower.?

Studies in animals have shown that survival time
decreases with increasing altitude as the severity of
hypoxia increases.’ However, the survival time reaches
a minimum and remains constant regardless of further
increase in altitude. The minimal survival time of
animals exposed to rapid decompression has been
studied in O. and in air by Lutz.”® In animals breath-
ing 0., Lutz found that a minimal survival time of
95 seconds was attained when animals were decom-
pressed to a simulated altitude of 52,000 ft. Following
the same procedure to altitudes below 52,000 ft the
survival times were longer, and to altitudes above
52.000 ft the survival times did not become significantly
shorter but remained approximately 25 seconds. In
animals breathing air, Lutz observed that a minimal
survival time of 25 seconds was reached on decom-
pression to 43,000 ft or above.

The survival time of unanesthetized animals (rats)
after decompression in air, when cessation of respiration
is used as the end point, is constant for all simulated
final decompression altitudes above 52,000 ft.* In the
rat, at simulated altitudes of 52,000 and above,
rhythmic respiration ceased on the average of 178
seconds after decompression in air. Studies on the
effects of decompression of dogs and rats from sea level
to 30 mm of Hg (ie, 72,000 ft) revealed that respiration
ceased at about 30 seconds. Also, it is of interest and
noteworthy that respiration in dogs ceases in 15 to 20
seconds after sudden complete arrest of the cerebral
circulation.>?

As exposure to high altitude and the accompanying
hypoxic environment increases, resistance or tolerance
to hypoxia becomes less.?” Tolerance to high altitude
or decompression appears to vary with various animal
species. Compared with the guinea pig, the cat and
dog are more tolerant.5? Cats, rabbits, cavies, hamsters,
rats, and mice fail to survive a decompression of 100
mm of Hg (ie, 47,000 ft) for 3 minutes.??

The respiratory center is most resistant to hypoxia
at birth, then declines through the 4th month of life
in the dog.>* Resistance to hypoxia induced by nitrogen
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at birth varies from 28 minutes in the ground sqy
to 16 minutes in the cat, to 6 minutes in the o
pig.? The origin of hypoxic resistance in mamm
not been identified.
- Adult rabbits can tolerate an anoxic atmosphe,
100% nitrogen for only 1.5 minutes before ;
whereas the newborn rabbit can survive for as lon
27 minutes.’® In the adult dog, acute occlusion of
cerebral circulation and resultant hypoxia p
cessation of spontaneous respiration after only
30 seconds; in the 8- to 10-day-old puppy, this
occurs in 5 minutes, and in the newborn animal, |
in 27 minutes. Reptiles and amphibians can tole
0. deprivation to a much greater extent than the
malian species; for example, the turtle can t
anoxia produced by 100% nitrogen for several h
and a dose of cyanide 50 times greater than that
to the mammal.?6-57
Exposure of the dog to a near vacuum enviro
(less than 2 mm of Hg absolute) indicates tha
exposed for less than 120 seconds are capable :
vival upon recompression to 35,000 ft while brea
0..* In such animals, collapse occurs within 9 ¢
seconds after decompression along with a gene
muscle spasticity, a few gasps, momentary con
seizures, apnea, and gross swelling of the bod.
extremities.

Humane Considerations of Decompression

The rapid decompression technique for pro
hypoxia (not the explosive decompression method)
been used for euthanasia of animals.?3-58 Ther
been many pathophysiologic studies involving
of animals subjected to decompression. Mos
conducted by high altitude or space research lab
tories, so manned space flights could be accompli
with a minimum of hazard. Sufficient evidence
dicated by EEc recordings have revealed that hyp
rapidly induces unconsciousness in both animals
man subjected to high altitude simulated by the
of decompression chambers or inhalation of inert
It is not known what the subjective perceptions
animal in a chamber may be but when properly
decompression is a painless procedure for all spe
Decompression at the rate of 4,000 ft per min :
10 minutes, thus creating a simulated altitud
40,000 ft (141 mm of Hg), and maintaining this |
sure until respiration ceases are considered optima
a mature dog.”® For adults of other species su¢
cats, rabbits, cavies, hamsters, rats, and mice, a de
pression of 100 mm of Hg (ie, 47 ,000 ft above sea 1
for 3 minutes is adequate for induction of eutha
following a decompression rate of 15 mm of HE

minute.?? &
As emphasized in the 1978 AVMA Pane

Euthanasia report,? the successful use of decompré
chambers is predicated on the proper operation.
maintenance of the equipment. Personnel operatin
equipment must be skilled and knowledgeable

use as well as understand the esthetically unple
reactions manifested by animals during the perio
hyperactive coma or unconsciousness prior to deat!

JAVMA, Vol 173,
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- Dogs under 4 months of age are more tolerant to
ypOKia and require longer periods of decompression
sore Tespiration ceases.>® Animals with respiratory
'mmplications and especially those with otitis media

uld not be subjected to decompression because of
e possibility of the development of pain from un-
f:éqaa]jzed positive middle-ear pressure.
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Canine Mycotoxicosis

Although many mycotoxicoses in domestic and companion animals remain
undiagnosed, epizootics have occurred on a regular basis for many decades
in the United States and other nations. In the southern United States
where the climate is warm and humid, mycotoxicoses are more prevalent
than in other regions. A mycotoxicosis in dogs, designated “hepatitis X7
was first reported in the southeastern United States in 1952. Subsequent
investigations traced the cause to commercial dog food which contained
peanut meal as the principal protein source. A relationship also was estab-
lished between this disease in dogs and “moldy corn’ poisoning” in cattle
and swine.

A review of several epizootic mycotoxicoses occurring in the southeastern
United States indicated that aflatoxin and aflatoxigenic strains of Aspergillus
flavus were in most of the feed samples. Reportedly much of the feed-grade
peanut meal purchased during this period on the open market in the United
States was contaminated with aflatoxin. However, in the cases of hepatitis
X in dogs and moldy corn toxicoses in cattle and swine, other toxigenic
fungi, including Penicillium rubrum, were isolated. Furthermore, other toxic
substances having a synergistic effect with aflatoxin were present in con-
taminated feeds. While similarities between experimentally induced aflatox-
icosis and field cases of hepatitis X are impressive, there are differences,
particularly in renal alterations.

Since hepatitis X in dogs generally has been associated with commercial
feeds from which A flavus and Penicillium sp were isolated, a study was
initiated to examine the effect of aflatoxin B, and rubratoxin B in dogs and
to compare the experimental disease with spontaneous hepatitis X observed
in field cases. Results indicated that the dog is sensitive to the toxic effects
of both mycotoxins. Histologic changes were induced in the dog not- only
by aflatoxin but by rubratoxin. A striking similarity was observed between
induced lesions when the 2 toxins were combined and lesions observed in dogs
used in laboratory studies or affected in natural outbreaks of hepatitis X.

Based on these data and earlier reports, it would seem that there is little
doubt of an association of hepatitis X and aflatoxin B, although it is
apparent that the disease probably is not the result of a single toxic factor.—
A. W. Hayes and W. L. Williams in J Environ Pathol Toxicol, 1, ( 1977): 59.
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ETAT DU MISSOURI USA

Attorney General's Opinion 32-2003

Topics:

Animals.
Municipalities.
Wildlife.

Summary conclusion:

Municipal animal pounds are only authorized to impound or harbor dogs and cats. Decompres-
sion is not a recommended method of euthanasia by the American Veterinary Medical Associa-
tion's Panel on Euthanasia. Therefore, a municipal animal pound is not authorized to use a de-
compression chamber to euthanize wildlife.

Jan. 31, 2003

Honorable Matt Blunt
Secretary of State

State Capitol Building
201 West Capitol Avenue
Jefferson City, MO 65101

Dear Secretary Blunt:

You have asked this office whether it is legal for a municipal animal pound to use a decompression cham-
ber to euthanize wildlife.

In order to answer your question, we first look to the statutory authority granted to municipal animal shel-
ters. Section 273.325.2(17) [footnote 1] defines "pound" or "dog pound" as "a facility operated by the state
or any political subdivision of the state for the purpose of impounding or harboring seized, stray, homeless,
abandoned, or unwanted animals[.]" See also 2CSR 30-9.010(2)(JJ).

The provisions of Sections 273.325 to 273.357 deal with regulating privately owned kennels, breeders, dea-
lers, and pet shops, as well as publicly owned pounds. The Department of Agriculture has adopted regula-
tions implementing these provisions. See 2CSR 30-9.010, et seq.

Political subdivisions have such authority as granted to them by the legislature. Harris v. William R. Comp-
ton Bond & Mortgage Co., 149 S.W. 603, 609 (Mo. banc 1912). The authority granted municipalities under
Section 273.325.2(17) is limited to "impounding or harboring seized, stray, homeless, abandoned, or unwan-
ted animals." "Animals" are defined in Section 273.325.2(4) as "any dog or cat, which is being used, or is
intended for use, for research, teaching, testing, breeding, or exhibition purposes, or as a pet." Based upon
this definition of "animal," a municipal animal shelter is limited to handling dogs or cats.

"Humane euthanasia" is defined at Section 273.325.2(14) as "the act or practice of putting an animal to
death in a humane or instantaneous manner under guidelines and procedures established by rules promulga-
ted by the director [of agriculture.]" The Department of Agriculture has stated "[e]uthanasia means the act of
putting an animal to death in a humane manner and shall be accomplished by a method specified as accep-
table by the American Veterinary Medical Association Panel on Euthanasia[.]" 2 CSR 30-9.010(2)(V). The



Department has also adopted 2CSR 30-9.020(14)(F)5, which states "All euthanasia of animals shall be ac-
complished by a method approved by the 1993 edition, or later revisions, of the American Veterinary Medi-
cal Association's Panel on Euthanasia."

Section 578.005(7) defines "humane killing" as "the destruction of an animal accomplished by a method ap-
proved by the American Veterinary Medical Association's Panel on Euthanasia (JAVMA 173:59-72, 1978);
or more recent editions, but animals killed during the feeding of pet carnivores shall be considered humanely
killed[.]" In this context, animal is defined more broadly as "every living vertebrate except a human being].]"
Section 578.005(3).

The most recent version of the Journal of the American Veterinary Medical Association's Report from the
Panel on Euthanasia, Vol. 218, No. 5, dated March 1, 2001, states at page 696 that:

Decompression is unacceptable for euthanasia because of numerous disadvantages.

(1) Many chambers are designed to produce decompression at a rate 15 to 60 times faster than that re-
commended as optimum for animals, resulting in pain and distress attributable to expanding gases trapped in
body cavities. (2) Immature animals are tolerant of hypoxia, and longer periods of decompression are requi-
red before respiration ceases. (3) Accidental recompression, with recovery of injured animals, can occur. (4)
Bloating, vomiting, convulsions, urination, and defecation, which are aesthetically unpleasant, may occur in
unconscious animals.

From the foregoing, it appears that municipal animal shelters are authorized to impound or harbor seized,
stray, homeless, abandoned, or unwanted animals, with "animals" defined as "any dog or cat." See Sections
273.325.2(17) and 273.325.2(4). Use of decompression is not recommended by the American Veterinary
Medical Association's Panel on Euthanasia. Therefore, such a method of destroying an animal in a municipal
animal shelter is not allowed.

CONCLUSION

Municipal animal pounds are only authorized to impound or harbor dogs and cats. Decompression is not a
recommended method of euthanasia by the American Veterinary Medical Association's Panel on Euthanasia.
Therefore, a municipal animal pound is not authorized to use a decompression chamber to euthanize wildlife.

Very truly yours,
Jeremiah W. (Jay) Nixon
Attorney General

TRADUCTION AUTOMATIQUE
L'opinion 32-2003 de I'Attorney General

Matieres :

Animaux.

Municipalités.

Faune.

Conclusion récapitulative :

Livres animales municipales sont seulement autorisées a confisquer ou chiens et chats de port. La dé-
compression n'est pas une méthode recommandée d'euthanasie par le panneau de I'association médicale
vétérinaire américaine sur l'euthanasie. Par conséquent, livre animale municipale n'est pas autorisée
pour employer une chambre de décompression euthanize la faune.

31 jan. 2003

Mats honorables émoussent
Secrétaire d'état
Batiment de capitol d'état



Avenue occidentale du capitol 201
Ville de Jefferson, MOIS 65101

Cher secrétaire émoussé :

Vous avez demandé que ce bureau s'il est 1égal pour que livre animale municipale emploie une chambre
de décompression euthanize la faune.

Afin de répondre a votre question, nous regardons d'abord a I'autorité statutaire accordée aux abris ani-
maux municipaux. La section 273.325.2 (17) [apostille 1] définit « livre » ou « livre de chien » comme
« service actionné par 1'état ou n'importe quelle subdivision politique de I'état afin de la confiscation ou
de I'nébergement saisi, de la béte perdue, du sans-abri, abandonn¢, ou des animaux non désirés [.] »
Voir également le 2CSR 30-9.010(2) (JJ).

Les dispositions des sections 273.325 273.357 traitent régler les établissements, les sélectionneurs, les
revendeurs, et les magasins de bétes en privé possédés, comme livres publiquement possédées. Le mi-
nistére de l'agriculture a adopté des réglements mettant en application ces dispositions. Voir le 2CSR
30-9.010, et seq.

Les subdivisions politiques ont une telle autorité comme accordée a eux par la législature. Lien et hypo-
theque Cie., 149 S.W. 603, 609 de Harris v. William R. Compton (MOIS. banc 1912). L'autorité a ac-
cordé des municipalités sous la section 273.325.2 (17) est « confiscation ou hébergement saisi, béte per-
due, sans-abri limité, abandonné, ou animaux non désirés. » Des « animaux » sont définis dans la sec-
tion 273.325.2(4) en tant que « n'importe quel chien ou chat, qui sont employés, ou sont prévus pour I'u-
sage, pour la recherche, I'enseignement, 1'essai, la multiplication, ou l'exposition, ou comme animal de
compagnie. » Basé sur cette définition de « animal, » un abri animal municipal est limité a manipuler
des chiens ou des chats.

« L'euthanasie humanitaire » est définie a la section 273.325.2 (14) comme « acte ou pratique de mettre
un animal a la mort dans une fagon humanitaire ou instantanée sous des directives et des procédures éta-
blies par des régles promulguées par le directeur [de l'agriculture.] » Le ministére de l'agriculture a
énoncé « des moyens de l'uthanasia [e] 'acte de mettre un animal a la mort d'une fagon humanitaire et
sera accompli par une méthode indiquée comme acceptable par le panneau médical vétérinaire améri-
cain d'association sur l'euthanasie [.] » 2 CSR 30-9.010(2) (v). Le département a également adopté
2CSR 30-9.020 (14) (F)5, qui énonce que « toute I'euthanasie des animaux sera accomplie par une mé-
thode approuvée par 1'édition 1993, ou des révisions postérieures, du panneau de I'association médicale
vétérinaire américaine sur 'euthanasie. »

La section 578.005(7) définit « le massacre humanitaire » comme « destruction d'un animal accompli
par une méthode approuvée par le panneau de l'association médicale vétérinaire américaine sur 'eutha-
nasie (JAVMA 173:59 - 72, 1978) ; ou des éditions plus récentes, mais des animaux tués pendant l'ali-
mentation des carnivores d'animal de compagnie seront considérés avec humanité tués [.] » Dans ce
contexte, I'animal est défini plus largement en tant que « chaque vertébré vivant excepté un étre d'hu-
main [.] » Section 578.005(3).

La version la plus récente du journal du rapport de 1'association médicale vétérinaire américaine du pan-
neau sur l'euthanasie, vol. 218, non 5, daté du ler mars 2001, états a la page 696 cela :

La décompression est inacceptable pour I'euthanasie en raison de nombreux inconvénients.

(1) beaucoup de chambres sont congues pour produire la décompression a un taux 15 a 60 fois plus rapi-
dement que cela recommandé comme optimum pour des animaux, ayant pour résultat la douleur et pour
affliger attribuable aux gaz de extension emprisonnés en cavités de corps. (2) les animaux immatures
sont tolérants de I'hypoxie, et de plus longues périodes de la décompression sont exigées avant que la
respiration cesse. (3) la récompression accidentelle, avec le rétablissement des animaux blessés, peut se
produire. (4) le boursouflage, le vomissement, les convulsions, I'urination, et la défécation, qui sont es-
thétiquement désagréables, peuvent se produire chez les animaux sans connaissance.

De ce qui préceéde, il s'avére que des abris animaux municipaux sont autorisés a confisquer ou port saisi,



béte perdue, sans-abri, abandonné, ou animaux non désirés, avec des « animaux » définis en tant que
«n'importe quel chien ou chat. » Voir les sections 273.325.2 (17) et 273.325.2(4). L'utilisation de la dé-
compression n'est pas recommandée par le panneau de l'association médicale vétérinaire américaine sur
I'euthanasie. Par conséquent, on ne permet pas une telle méthode de détruire un animal dans un abri ani-
mal municipal.

CONCLUSION

Livres animales municipales sont seulement autorisées a confisquer ou chiens et chats de port. La dé-
compression n'est pas une méthode recommandée d'euthanasie par le panneau de I'association médicale
vétérinaire américaine sur l'euthanasie. Par conséquent, livre animale municipale n'est pas autorisée
pour employer une chambre de décompression euthanize la faune.

Nous vous prions d'agréer l'expression de nos salutations distinguées
Jérémie W. (geai) Nixon
Attorney General

ETAT DU NEW JERSEY USA

NEW JERSEY ANIMAL CRUELTY LAWS

NJS 4:22-19 Hypoxia Induced By Decompression Prohibited

A person who shall:

A. Impound or confine, or cause to be impounded or confined, in a pound or other place, a living animal or
creature, and shall fail to supply it during such confinement with a sufficient quantity of good and whole-
some food and water; or

B. Destroy or cause to be destroyed any such animal by hypoxia induced by decompression or in any other
manner, by the administration of a lethal gas other than an inhalant anesthetic, or in any other manner except
by a method of euthanasia generally accepted by the veterinary medical profession as being reliable, appro-
priate to the type of animal upon which it is to be employed, and capable of producing loss of consciousness
and death as rapidly and painlessly as possible for such animal shall, in the case of a violation of subsection
a., be guilty of a disorderly persons offense and shall be punished as provided in subsection a. of R.S.4:22-
17; or, in the case of a violation of subsection b., be subject to a penalty of $25 for the first offense and $50
for each subsequent offense. Each animal destroyed in violation of subsection b. shall constitute a separate
offense. The penalty shall be collected in accordance with the "Penalty Enforcement Law of 1999,"
P.L.1999, ¢.274 (C.2A:58-10 et seq.) and all money collected shall be remitted to the State.

This section shall apply to kennels, pet shops, shelters and pounds as defined and licensed pursuant to
P.L.1941, c.151 (C.4:19-15.1 et seq.); to pounds and places of confinement owned and operated by munici-
palities, counties or regional governmental authorities; and to every contractual warden or impounding ser-
vice, any provision to the contrary in this title notwithstanding.



NJS 4:22-19.1 Dismantling Of Devices Mandated

Within 30 days of the effective date of this act, any chamber or device used to induce hypoxia through de-
compression or in any other manner shall be dismantled and removed from the premises. The owner of any
premises on which the chamber or device remains 30 days subsequent to the effective date of this act shall be
guilty of a disorderly persons offense.

NJS 4:22-19.2 Dismantling Of Devices Ordered

Within 30 days of the effective date of this act, any chamber or device used to induce hypoxia through de-
compression or in any other manner and any gas chamber or similar device, except one which is used for the
administration of an inhalant anesthetic, shall be dismantled and removed from the premises. The owner of
any premises on which the chamber or device remains 30 days subsequent to the effective date of this act
shall be guilty of a disorderly persons offense.

TRADUCTION AUTOMATIQUE
LOIS ANIMALES DE CRUAUTE DE NEW JERSEY

NIS 4:22 - hypoxie 19 induite par Decompression Prohibited

Une personne qui : A. Confisquez ou confinez, ou causez pour étre confisqué ou confiné, en livre ou
tout autre endroit, un animal ou une créature vivant, et ne le fournira pas pendant un tel emprisonnement
avec une quantité suffisante de bons et sains aliments et d'eau ; ou le B. détruisent ou causent pour étre
détruits un tel animal par 'hypoxie induite par la décompression ou de n'importe quelle autre fagon, par
I'administration d'un gaz mortel autre qu'un anesthésique inhalant, ou de n'importe quelle autre fagon
excepté pres une méthode d'euthanasie courante par la profession médicale vétérinaire en tant qu'étant
fiable, approprié¢ au type d'animal sur lequel elle doit étre utilisée, et capable de produire la perte de
conscience et de mort aussi rapidement et sans douleur que possible a un tel animal, dans le cas d'une
violation de la sous-section A., étre coupable d'une offense désordonnée de personnes et serez puni de la
maniére prévue en sous-section A. de R.S.4 :22-17 ; ou, dans le cas d'une violation de la sous-section
B., soyez sujet a une pénalité de $25 pour la premicre offense et de $50 pour chaque offense suivante.
Chaque animal détruit dans la violation de la sous-section B. constituera une offense séparée. La pénali-
té sera rassemblée selon « la loi d'application de pénalité de 1999, » P.L.1999, c.274 (C.2A :58-10 et
seq.) et tout I'argent rassemblé sera remis a 1'état. Cette section s'appliquera aux établissements, aux ma-
gasins de bétes, aux abris et aux livres comme défini et autorisé conformément a P.L.1941, c.151 (C.4
:19-15.1 et seq.) ; a livres et aux endroits de l'emprisonnement possédés et actionnés par des municipali-
tés, des comtés ou des autorités gouvernementales régionales ;

NIS 4:22 - 19.1 démantelements des dispositifs exigés

Dans les 30 jours de la date efficace de cet acte, n'importe quelle chambre ou dispositif utilisé pour
induire 1'hypoxie par la décompression ou de n'importe quelle autre fagon sera démantelée et enlevée
des lieux. Le propriétaire de tous les lieux sur lesquels la chambre ou le dispositif demeure de 30 jours
de suivant a la date efficace de cet acte sera coupable d'une offense désordonnée de personnes.

NIS 4:22 - 19.2 démanteélements des dispositifs commandés

Dans les 30 jours de la date efficace de cet acte, n'importe quelle chambre ou dispositif induisait 1'-
hypoxie par la décompression ou de n'importe quelle autre fagon et n'importe quelle chambre de gaz ou
dispositif semblable, & moins qu'un qui est employé pour I'administration d'un anesthésique inhalant,
sera démantelée et enlevée des lieux. Le propriétaire de tous les lieux sur lesquels la chambre ou le
dispositif demeure de 30 jours de suivant a la date efficace de cet acte sera coupable d'une offense



désordonnée de personnes.
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Part 1
Destruction of animals

Chapter 1
Introduction

If an outbreak of a transboundary animal disease or other serious disease occurs and a stamping-out policy is adopted for its control
and eradication, it may be necessary to destroy a large number of animals. It is essential that these animals are speedily and humanely
slaughtered and are indeed dead before disposal of carcasses commences. Speed is of the essence once the disease has been
confirmed because, in most situations, the live animals will continue to produce and possibly disseminate the disease pathogen. An
experienced veterinarian should be present during destruction. There is likely to be considerable public interest, at least initially, in the
destruction of animals. Positive media coverage concerning animal welfare will reflect favourably on staff and increase community
support for the eradication campaign.

The destruction of large animals poses the biggest concern in this regard. They may have to be destroyed individually in public view
with firearms, humane killers (captive-bolt pistols) or other means.

Officers in charge must be aware of the impact that animal destruction will have on all personnel involved. They must quickly acquaint
themselves with the skills and experience of all assistants and brief and train them accordingly. Furthermore, they must be aware that
some people will be unable to handle the mentally and physically stressful environment likely to be encountered.

Where possible, the livestock owner and his or her family should not be present during the slaughter process, as they may experience
considerable distress. Counselling and welfare should be made available if needed.

The policy regarding compensation for destroyed animals should be communicated clearly to owners before destruction is attempted.
Destruction of animals without adequate compensation of owners is likely to meet with serious opposition and at worst result in large-
scale illegal movement of animals and/or their products. Payment of compensation at market-related prices is the only way to ensure
owner cooperation and the success of the eradication campaign.

What animals should be slaughtered will depend on the disease in question and the epidemiological circumstances. In some non-
emergency diseases, e.g. bovine tuberculosis, slaughter of individual infected animals only may be necessary.

For emergency diseases, one of two options is usually selected:

« If animals in the infected zone are not well controlled and there is a serious risk of further rapid spread of the disease or spillover
to feral or wild animals or if inadequate resources are available for surveillance and imposition of quarantine and movement
controls, it may be expedient to slaughter all animals in the infected zone or in specific areas of the zone.

« If animals are well contained on farms and resources are available for surveillance and imposition of quarantine and movement
controls, the best decision would probably be to slaughter only animals on known infected farms and dangerous-contact
premises.

This decision will depend on the mode of disease transmission; it will be different for diseases capable of airborne dissemination over
distances and those requiring direct contact.

Chapter 2
Organization of destruction

ACTION PLAN

Planning is essential to ensure that the task of destruction is carried out efficiently and not impeded by lack of resources. An action plan
should be drawn up in consultation with owners or agents and appropriate officials. The procedures below should be followed.

The veterinary officer should undertake the tasks listed below.

o Discuss the situation with affected farmers and village leaders, briefing them on what is going to happen, including the method of
compensation.
o Consult with the farm owner/manager and/or village leaders to establish:
« farm layout, facilities and equipment;
« the number, species and location of animals to be destroyed;
« the destruction technique to be used;
o the time-frame for commencement and completion of animal destruction.
o Decide on the methods and facilities needed for safe, humane and efficient destruction of the animals.
o Advise the team leader of immediate resources needed to move and secure animals in preparation for destruction.
« Consult with the officer in charge (OIC) of the disposal team if different from the destruction team, determine the disposal method
and site; if necessary, identify centrally located carcass disposal sites as close as practicable to the site of destruction.
« Draw up a concise written plan for approval, including:
o destruction method(s);
« destruction site(s);
o order of destruction;



e personnel required,;
« facilities and equipment needed.
« Make a diagram of the infected property (IP) or dangerous-contact premises (DCP), including details of the destruction operation.
o Make sure that there is a complete inventory of animals to be destroyed on the property, not delaying destruction because there
has been no agreement on valuation; where possible, all animals should be valued before destruction; where there is no prior
agreement on valuation, provide close supervision to ensure that all the animals are available for destruction.
o Seek authority to destroy in terms of the law(s) pertaining to control of animal diseases when there is a delay in reaching
agreement on valuation with the owner or his/her agent; delay may endanger the success of the operation and result in negative
perceptions of animal disease control activities.
Request livestock owners to assemble, confine and restrain their animals the day before the destruction team starts operations.
Ensure that animals not to be destroyed, including domestic pets, are confined well away from the destruction site.
Send a team into the surrounding countryside to assess the presence of free-roaming or unrestrained susceptible animals.
Arrange for teams to be sent to round up, shoot or poison such animals where they are; helicopter shooting by trained marksmen
may be the only option, in which case proper disposal of carcasses is essential, as the animals may already be infected.
« Arrange for any necessary support services, such as police and army personnel, to be made available.

Before commencing destruction, the team leader should carry out the tasks below.

« Move animals to the centre of the IP or to areas most remote from other susceptible animals, including wild animals.
« Brief the destruction teams, then supervise and coordinate their activities.
o Ensure that:
o destruction takes place away from public view if possible;
« destruction facilities, methods and working conditions are consistent with personal safety;
o destruction is humane and that no animal is removed for disposal until it is dead;
« destruction teams receive adequate rest and meal breaks.
o Make every effort to avoid damage to property; damage must be drawn to the attention of the owner/manager, recorded and
reported promptly.
e Check all destruction against the authorized inventory, to ensure that all variations are accounted for (e.g. births and natural
deaths) and that all animals scheduled for destruction have in fact been destroyed.
o Provide a situation report for the team leader at the end of each day.
« Advise the team leader of resource requirements for the next 48 hours.
o Advise the appropriate officer/s immediately destruction has been completed, so that other tasks, such as disinfection, can be
started without delay; carcasses and the destruction area should be sprayed with disinfectant as soon as destruction is complete.

SELECTION OF DESTRUCTION SITE

The factors that need to be considered in selecting a destruction site are:

facilities available on site;

additional facilities and equipment required;

animal security;

proximity of the disposal site and ease of access;

safety of personnel;

acceptability to the owner/manager;

safe and secure means of transporting carcasses to the destruction site;
likelihood of damage to property and services;

protection from public view.

ORDER OF DESTRUCTION

The order of destruction will be determined by the veterinary officer in charge of the operation. Normally the order will be:

« affected animals;
o their direct contacts;
« other susceptible animals in order of epidemiological importance.

In foot-and-mouth disease, pigs should be destroyed before other species.

Fractious and potentially dangerous animals, such as bulls, sows with litters and boars should be destroyed first.

Chapter 3
Methods of destruction

Methods of destruction of animals are set out below. Rabid or suspect rabid animals should be shot in the heart with a firearm to
preserve the brain, which is the best diagnostic specimen, and to avoid contamination of personnel with potentially infective brain or
saliva. Animals with bovine spongiform encephalopathy (BSE) or scrapie should not be shot through the head, as brain tissue is
required for diagnostic testing.

FIREARMS (RIFLES AND GUNS)

Ensure compliance with any firearm licensing requirements, including the use of trained and approved operators for rifles and guns.

Part of the preparation process for an emergency disease outbreak is to ensure that firearms operators experienced in shooting
livestock can be contacted at short notice. The following aspects of firearms safety should be considered:

¢ All firearms are potentially hazardous.

« When shooting at short range in stockyards, relatively low-velocity hollow/soft-point ammunition should be used. Solid-point
ammunition should be avoided, because the projectiles can leave the target at high velocity, which is dangerous to personnel in
the area. Hollow point ammunition disintegrates when entering the target, more effectively destroying brain tissue. (For details see
relevant species in Chapter 4.) When paddock shooting, use high velocity, hollow/soft-point ammunition.



o Persons other than the shooters and assistants should be cleared from the area or should stand well behind the shooters. The line
of fire must be chosen to prevent accidents or injury from stray bullets or ricochets.

« To provide maximum impact and the least possibility of misdirection, the range should be as short as circumstances permit.

« Although the humane killer pistol and captive-bolt pistol are designed to be pressed firmly on the head before being discharged, it
is not safe to do this with a standard rifle or pistol.

o Always notify police before using firearms near populated areas.

Advantages of using firearms
The advantages of firearms are:

clean kills in the hands of experienced operators;
handling individual animals is not necessary;
destruction of animals from a distance;

firearms and ammunition are readily available;
many people are proficient in their use.

Disadvantages of using firearms
The disadvantages of firearms are:

« they are potentially dangerous;
« they are unsuitable for use close to populated areas.

CAPTIVE-BOLT PISTOLS
Captive-bolt pistols are an acceptable alternative to firearms where animals are sufficiently restrained, provided that the team

understands that animals may be stunned rather than killed. They must be competent to know when an animal is only stunned and
trained and equipped to kill such an animal immediately after stunning.

LAY Y IAKANLMA

FIGURE 1

Captive-bolt pistol
Provided that animals are properly restrained and that the slaughter team is aware that animals may be stunned but not killed, the
captive-bolt pistol is an alternative to firearms.

Blank cartridges for the captive-bolt pistol are colour coded according to the amount of charge they contain. It is essential that
manufactures' recommendations should be followed regarding blank cartridges for different farm animals. The most widely used is the
“Cash Special”, a single shot .22 calibre captive bolt similar to a revolver. It uses three different loads:

e pink: 1 grains (weaners);
e purple: 2 grains (sheep);
e green: 3 grains (cattle, boars).

Regular maintenance of the captive-bolt pistol is essential for efficient stunning.

When using a captive-bolt pistol, more than one operator can work in the same area with safety. Spare weapons and parts should be on
hand.

Advantages of captive-bolt pistols
The advantages of captive-bolt pistols are:

operator safety, as there is no free projectile;

both pistols and ammunition are readily obtainable;

ease of use;

operators do not need to be expert shooters; they must, however, be trained in correct placement of the pistol against the head in
the different species.

Disadvantages of captive-bolt pistols



The disadvantages of captive-bolt pistols are:

o they usually only stun larger animals such as cattle over one-year old, sows, boars, billy goats and rams, which must then be
pithed or bled (see Pithing, below) to ensure death;

e Some animals have to be individually restrained,;

« they are relatively slow, especially when destroying large numbers of animals.

Humane killers that work on the same principle as the captive bolt but destroy a larger amount of tissue are a better option.
PITHING

Pithing is the process of destroying nervous tissue in the region of the brain stem to ensure the death of the animal. It is usually done by
inserting a rod through the hole made by the captive-bolt in the head or by severing the spinal cord between the atlas and axis, the first
and second bones of the neck.

Pithing unstunned animals is not an acceptable method of destruction as it is inhumane. It is essential on animals that have been
stunned only, for example when captive-bolts are used on larger animals.

Pithing is also a safety measure to prevent workers being struck by the involuntary movements of a stunned animal.

Pithing is preferable to exsanguination, or bleeding out, which could release infectious material and make working conditions slippery
and dangerous.

OTHER PHYSICAL METHODS

Dislocation of the neck

This may be suitable for poultry and smaller laboratory animals. Suitable methods are by burdizzo, bone cutters, secateurs or manually.
Burdizzos are particularly useful when large numbers of poultry with strong necks, such as geese and duck, are to be destroyed.

Electrocution

Electrocution is used widely in abattoirs but is not suitable for field use.
Decompression

This method is now regarded as unacceptable.

Exsanguination

Exsanguination combined with stunning or neck dislocation is a humane method of destruction of sheep and goats when performed by
an experienced operator. It is undesirable, however, because released infectious material makes the destruction site slippery and
dangerous.

GASEOUS AGENTS

Carbon dioxide

Carbon dioxide is the method of choice for destroying most poultry species when large numbers are involved and for many laboratory
animals.

Animals must be exposed to an atmosphere of at least 30 percent carbon dioxide to ensure loss of consciousness and then at least 70
percent carbon dioxide to ensure death.

To achieve this, animals may be placed in an air-filled container into which carbon dioxide is allowed to flow so that concentration rises
to a minimum of 70 percent for at least 3 minutes. An optimum flow rate is one that will displace 20 percent of the chamber volume per
minute. Animals may be left in the container until rigor mortis ensues or they may be removed once unconscious and killed by cervical
dislocation or exsanguination. Exposure of up to 20 minutes may be necessary to ensure death; this will be even longer in neonatal or
juvenile animals, which are tolerant of carbon dioxide. They may require 30 minutes exposure or longer.

Alternatively, the container may be filled with the carbon dioxide/air mixture before animals are placed in it, in which case anaesthesia is
said to occur more rapidly (20 seconds to unconsciousness, compared to 70 seconds). Some workers have suggested, however, that
this technique is more stressful.

If cylinders of carbon dioxide are not available, dry ice may be used. This is placed in the bottom of a deep container under a gauze
floor, in such a way that there is no direct contact with the dry ice. Animals are then placed in the container and left there until
unconsciousness or death ensues.

The use of a 70 percent carbon dioxide/30 percent oxygen mixture is said to decrease the discomfort of hypoxia before the onset of
anaesthesia and narcosis. This will complicate the procedures, however, by requiring additional cylinders of oxygen and reducing
valves.

Carbon dioxide is safe and easy to use as long as it is used in a well ventilated area.
Gaseous anaesthetic agents

These agents, which include halothane, enflurane and isoflurane, can be used to produce anaesthesia and death. Halothane at
concentrations greater than 4 percent can produce anaesthesia and cardiac arrest in 90 seconds. These agents can be used in exactly
the same way as carbon dioxide, piped into a container with a carrier gas such as oxygen or poured onto cotton wool and placed under
gauze at the bottom of a deep container. There should be no direct contact between the animal and the liquid anaesthetic.



The major disadvantages are that these agents are expensive and should only be used in a well ventilated room or, preferably, in a
fume cupboard. Prolonged exposure, even at low concentrations, may be detrimental to the health of personnel. As with carbon dioxide,
animals may be left in the anaesthetic chamber until dead or may be removed once unconscious and killed by one of the physical
methods or by injection of an overdose of barbiturate as detailed below.

Ether is not recommended. Induction of anaesthesia is slow and stressful, as the high concentrations of the vapour necessary to
produce unconsciousness are irritant to skin and mucous membranes. Ether is also hazardous to personnel because of its explosive
properties during use and when disposing of carcasses.

Hydrogen cyanide gas

Hydrogen cyanide gas is a highly effective method of destroying poultry. Human safety considerations restrict its use, however, and it is
not recommended.

Carbon monoxide

Carbon monoxide can be used to destroy poultry. It is readily available from car exhaust but unleaded petrol produces less than super
petrol and the fumes must be cooled. Human safety considerations restrict its use.

Methyl bromide

Methyl bromide is effective at killing poultry but operator safety requirements restrict its use. There are people trained in its use in all
agriculture departments. It is also virucidal. Environmental concerns are now restricting its use.

INJECTABLE AGENTS

An overdose of any of the barbiturates can be used for euthanasia, ideally by the intravenous route in large animals; the intracardiac or
intraperitoneal route may be preferable in smaller animals. Destruction of cats, rabbits and some birds by intraperitoneal sodium
pentobarbitone may be accompanied by an excitement phase. Animals should be confined and handled with extreme care. Specific
euthanasia solutions are available (sodium pentobarbitone 325 mg/kg). This should not be used by the intrathoracic, subcutaneous or
intramuscular route as at this concentration it is extremely irritant to tissues. Pentobarbitone at concentrations normally employed for
anaesthesia may also be used but larger volumes will be required.

If the animals are excitable or vicious, other drugs can be administered to calm them. These drugs, such as tranquillizers, analgesics or
depressants such as ketamine, opioids or xylazine, can be given by the subcutaneous or intramuscular route. An overdose of barbiturate
can then be given intravenously to kill the animal.

These agents are restricted by law and must only be used by a veterinarian or under veterinary supervision.

Chapter 4
Destruction of various species

The preferred methods of destruction of various domestic species and the factors that determine the selection are set out below.
CATTLE AND BUFFALO

Under most circumstances, cattle and domesticated (water) buffalo will be mustered into yards and shot. In extensive areas where 100
percent musters cannot be achieved, unmustered animals will be paddock shot, after first mustering as many as possible.

Captive-bolt pistols are most suitable when animals can be adequately restrained (see Captive-bolt pistols, p. 10). Injectable agents may
be most suitable for small numbers of calves.

Frontal method

The firearm should be directed at the point of intersection of lines taken from the base of each horn (or equivalent position in polled
animals) to the opposite eye, aiming at the spine (Figure 2a). For bulls or older animals, the bullet should enter about 1 cm to the left or
right of this point and hard point/jacketed ammunition may be necessary. Small calves may be shot just behind the nuchal crest (poll) in
the mid-line, aiming directly at the muzzle (Figure 2c). Alternatively, a captive-bolt pistol using cartridges may be used.

FIGURE 2

Humane destruction of cattle: (a) recommended position for frontal method (suitable for firearm or captive-bolt pistol); (b) recommended
position for temporal method (only suitable for firearms); (¢c) recommended position for small calves.

Temporal method



This is only suitable for firearms. The animal is shot from the side so that the bullet enters the skull midway between the eye and the
base of the ear. The bullet should be directed horizontally (Figure 2b).

Shooting in yards

Ideally, only personnel who have had previous experience in this type of work should undertake the task. If such personnel are not
available, the task may be allocated to police or army marksmen. They should be fully briefed on humanitarian and safety aspects of
destruction before commencing yard shooting. Only hollow/soft point ammunition should be used. The minimum calibre should be .22
magnum; maximum calibre should be. 44 magnum (240 grain) or .375 (250 grain).

Operate from a top rail, preferably in a small yard. It is not practical to shoot in a crush unless dealing with very small numbers and the
crush is equipped with a side opening gate, in which case a captive-bolt pistol should be considered.

Paddock/extensive area destruction

Shooting from helicopters is usually the most effective method of destroying unmusterable cattle. Appropriate civil aviation authority
approval may be needed before rifles may be used from helicopters. This should be carried out only by experienced, trained personnel
with current proficiency in this type of operation. Untrained personnel should undergo a training course and pass a practical and written
test at its conclusion before shooting from a helicopter. Minimum recommended calibre is .308 soft point with semi-automatic rifles such
as the M14, SLR or MIA.

Shots aimed to destroy the brain are preferred but for practical reasons this is not generally possible with helicopter shooting, in which
case heart/lung shots can be used.

The problem of rapid destruction of large numbers of cattle on intensive feedlots is not easy to resolve. The possibility of using a lethal
oral agent in water or feed should be considered.

Technique for domesticated (Asian) buffaloes
As for cattle except:

« hard point/jacketed ammunition is preferable for large animals;
o for small numbers, when use of semi-automatic rifles is not critical, use heavier calibre or magnum rifles;
« frontal shooting: check the angle of impact, as a buffalo will often raise its nose.

SHEEP

The preferred method of destruction is by .22 rifles or captive-bolt pistols.
Hornless sheep

The top of the head (centre of upper forehead) is a suitable position, with the firearm or captive-bolt being aimed towards the animal's
gullet. Alternatively, the weapon may be placed just behind the poll and aimed in the direction of the animal's muzzle. Both methods are
illustrated in Figure 3.

Horned sheep

If using a captive-bolt pistol, the top-of-the-head position used for hornless sheep may not be suitable, in which case the weapon may be
placed behind the poll and aimed in the direction of the animal's muzzle (Figure 4a). If using a firearm, shoot at a point in the middle of
the face just above the level of the eyes, aiming towards the spine (Figure 4b).

« Rams: it may be easier to use .22 magnum rifle, depending on facilities. If captive-bolt is more practical, heavy duty cartridges
should be used (see Captive-bolt pistols, p. 10).

o Wethers/ewes: sheep must be packed tightly as destruction proceeds. This can be achieved using light portable panels or mesh.

« Newborn lambs: these should be separated and given sodium pentobarbitone (intraperitoneal, 3-5 ml through automatic syringes)

Y
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FIGURE 3

Humane destruction of hornless sheep: recommended positions and direction of fire for captive-bolt pistol or firearm.



FIGURE 4

Humane destruction of horned sheep: recommended position and direction of fire for (a) captive-bolt pistol or (b) firearm.

PIGS

Pigs are particularly difficult to destroy. Captive-bolt pistols or heavy-calibre humane killers should be used for housed pigs to avoid the
danger of ricochets. Housed pigs may be moved outside and destroyed with firearms. Sows with litters are particularly fractious and
difficult to handle. Pigs in paddocks can be shot using firearms.

Use sodium pentobarbitone on unweaned pigs. Intraperitoneal injections of 3-5 ml of a suitable product using automatic syringes is
satisfactory.

Frontal method

The captive-bolt pistol or firearm should be directed at a point about midway across the forehead and, for adult pigs, about 2 cm above
the level of the eyes (Figure 5a).

Temporal method

This is only suitable for firearms. The pig is shot from the side so that the bullet enters the skull at a point midway between the eye and
the base of the ear. The bullet should be directed horizontally into the skull (Figure 5b). This method is preferred for adult pigs because
of the heavier bone structure of the front of the skull.

FIGURE 5

Humane destruction of pigs: recommended position and direction of fire for (a) frontal method (suitable for captive-bolt pistol or firearm)
or (b) temporal method (suitable for firearm only).

Feed one-third of the normal ration before commencement of destruction. Pigs will stay calmer and therefore be easier to handle. If
slaughter is likely to be delayed, ensure sufficient feed is on hand.

« Growers: pack in tight; work round perimeter of yard, then climb in to finish balance of group. Pigs usually quieten as destruction

progresses.

« Sows: do not yard too tightly, as they become upset if jammed and will start climbing on rails; work steadily; do not hurry. Use
heavy duty cartridges in captive-bolt pistols (see Captive-bolt pistols, p. 10).

« Boars: use heavy-duty cartridges in captive-bolt (see Captive-bolt pistols, p. 10); if this is too difficult, use a .22 magnum rifle.

o Small pigs: use standard captive-bolt cartridges (see Captive-bolt pistols, p. 10). It is preferable to have small pigs caught and held
over the rail of the yard while destroyed. A wheelbarrow can then be a useful means of conveyance to the front-end loader.

GOATS

Using either a captive-bolt pistol or firearm, aim the weapon to the skull behind the horns as shown in Figure 6. Aim in line with the
animal's mouth.

Kids may also be shot from the front, as for cattle. This method is not suitable for mature goats, as the brain is located well back in the
skull compared to other livestock. Sodium pentobarbitone is also appropriate.



FIGURE 6

Humane destruction of goats: recommended position and direction of fire (captive-bolt pistol or firearm).

Newborn kids should be separated and given sodium pentobarbitone (intraperitoneal, 3-5 ml of a suitable product).
HORSES, DONKEYS AND MULES

These animals can be destroyed either by intravenous injections of euthanasing drug or shooting, as detailed below.

Frontal method

The firearm should be directed at the point of intersection of diagonal lines taken from the base of each ear to the opposite eye, aiming
at the spine (Figure 7a).

FIGURE 7

Humane destruction of horses: recommended position and direction of fire for (a) frontal method or (b) temporal method.

Temporal method

The horse is shot from the side so that the bullet enters the skull midway between the eye and the base of the ear (Figure 7b). The bullet
should be directed horizontally.

Recommended rifles for horses are .22 magnum (hollow point) or .44 magnum. Captive-bolt pistols are not recommended for horses,
because some horses rear before the operator can withdraw the bolt or move out of danger. Horses in the public view can be
exsanguinated humanely by severing the abdominal aorta per rectum.

Paddock/extensive area destruction

As for cattle and buffalo (see Cattle and buffalo, p. 15).
DEER

A firearm or captive-bolt pistol should be directed at the forehead where lines taken from the base of each ear to the opposite eye
intersect (Figure 8a). The firearm should be fired horizontally into the forehead. If using a captive-bolt on adult bucks, heavy duty
cartridges are necessary.

If the deer are disturbed when approached from the front, an equally effective method is to fire the instrument through the skull just
behind the base of the antlers. The weapon should be aimed in line with the animal's muzzle (Figure 8b).



FIGURE 8

Humane destruction of deer: recommended position and direction of fire for (a) firearm or captive-bolt pistol or (b) alternative position for
disturbed deer.

BIRDS

For small numbers of birds, for example fancy breeds or pigeons, the preferred methods are dislocation of the neck using burdizzos,
bone cutters, secateurs or bare hands or intracardiac or intraperitoneal injection of sodium pentobarbitone.

For large numbers of birds in commercial poultry units, the preferred method is gassing with carbon dioxide. This method involves lining
large garbage waste bins (skips) with plastic sheeting that forms a canopy over the top of the bin.

Birds can be caught using teams of 10—15 labourers. Experienced catching teams may be available. Chicks are easily caught under
heaters and are transferred to skips in plastic garbage bins. Broilers on the ground are driven with a movable hessian wall to the
catching area, where they are caught and placed directly into skips.

Caged birds are more difficult and progress is slower. Each catcher removes three or four birds from cages and carries them by the legs
to skips.

Layers on perches are best caught at night or during low light, when they are quiet.

Carbon dioxide is transferred to the bottom of the skips through garden hose fitted to the top of the cylinders. The carbon dioxide should
be decanted in bursts of 30—-45 seconds. It is essential not to decant too quickly or the bottles will freeze when about half empty.

On average, half a 45 kg cylinder of carbon dioxide is needed for the 3 m2 skips and three or more cylinders for the 20 m2 skips. Carbon
dioxide should be added at a rate sufficient to ensure that birds succumb before others are placed on top of them. Skips should be
three-quarters filled with birds, sealed and transported to the disposal site. Care must be taken to ensure that no bird is still alive when
dropped into the burial pit. Should this happen, birds must be immediately caught and humanely killed.

For humane destruction of farmed ostriches, birds should be restrained firmly and dispatched by captive bolt or injection of sodium
pentabarbitone into the jugular vein.

DOGS

Injectable agents are the best method for destroying dogs that can be handled. Intravenous sodium pentobarbitone (40 mg/kg) is the
ideal method. Intracardiac injections are favoured for puppies and small dogs. Other drugs given subcutaneously or intravenously may
be used initially, for example xylazine (2 mg/kg) or ketamine (20 mg/kg), if necessary using a tranquillizer gun. Once the dog is sedated,
intravenous barbiturates can be used to kill the animal.

If a tranquillizer gun is not available, injection by any route will be too dangerous for some totally unmanageable dogs and for rapid or
suspect rabid dogs. A lasso on a pole may be useful to help catch and control these dogs. Including a sedative (e.g. sodium
pentobarbitone) in the food may be an appropriate preliminary to an injectable agent. Dogs may have to be restrained with muzzles or
tape before destruction.

Some dogs will have to be shot through the heart.
CATS

Injectable agents are the best method for destroying cats. Intravenous or intracardiac sodium pentobarbitone (40 mg/kg) is the preferred
drug. Alphaxalone (Saffan®) may be used as a preliminary. Intraperitoneal injections can cause excitation before death. Tranquillizer
guns are not suitable for cats, because cats are small, fast-moving targets.

Animals that are not easy to handle may have to be put in a hessian bag, injected through the bag and left in a cage until dead.
Alternatively, they can be placed in a plastic bag or box into which anaesthetic gases (including carbon dioxide) are piped, using oxygen
as the carrier gas. Anaesthesia is usually quick and quiet but death may take some time - at least 20 minutes with carbon dioxide but
less with some of the other anaesthetic gases. Once the animal is unconscious, it may be removed and killed with an overdose of
barbiturate.



RATS, MICE, GUINEA PIGS

Any of the physical or chemical methods described above can be used in a laboratory. The method of choice, however, is carbon
dioxide. Newborns are resistant to carbon dioxide and need prolonged exposure or a combination of carbon dioxide and cervical
dislocation. If pentobarbitone is used, it should be given by the intraperitoneal route (rats and mice 100 mg/kg, guinea pigs 90 mg/kg).

RABBITS

Physical methods such as cervical dislocation should only be used by skilled personnel and only on rabbits less than 1 kg in weight. The
preferred method for laboratory rabbits is intraperitoneal pentobarbitone 60 mg/kg. Intravenous barbiturate injections of the very
concentrated barbiturate euthanasia solution into the ear vein are often painful and may be distressing. Standard anaesthetic solutions
should therefore be used. Rabbits should be restrained, since an excitement phase may occur, especially if the intraperitoneal or
intravenous injection is incorrectly administered.

Induction of anaesthesia with carbon dioxide, as described for birds and cats, is slow and animals appear to become apprehensive
before unconsciousness supervenes. The method is therefore not recommended. Overdosing with other inhaled anaesthetic agents
may be used.

PRIMATES

Chemical restraint by means of ketamine (20 mg/kg intramuscularly) followed by an overdose of barbiturate given by the intravenous or
intracardiac route (50 mg/kg) is recommended for laboratory primates.

FISH

A sharp blow to the head followed by destruction of the brain has been recommended as a physical method of euthanasia. If chemical
methods are preferred, an overdose of anaesthetic such as MS222 (tricaine methane sulphonate) can be used or carbon dioxide can be
bubbled into the water. This should be followed by destruction of the brain.

CIRCUS AND ZOO ANIMALS

The assistance of a veterinarian with experience of handling and destroying circus and zoo animals should be sought. If none is
available, the methods outlined above should be extrapolated to the various species.

Glossary
Ammunition

« Hard point: hard metal ammunition that passes through tissues cleanly but can leave the target at high velocity, causing danger to
other people/animals in the area;

« Soft/hollow point: ammunition made of softer metal or with a hollow point that flattens on impact, causing greater damage to
tissues; does not exit the target unless it fails to encounter bone or solid muscle.

Burdizzo: castrating pincers.

Captive-bolt pistol: humane animal killer; takes either a blank cartridge that delivers a knockout blow to the skull or a penetrating bolt
that is driven a short distance into the brain; the operator does not have to be a marksman as the instrument is pressed firmly against
the animal's skull before firing.

FIGURE 9

Movement restriction
Movement into and out of infected premises must be rigorously checked by quarantine and/or road barriers.

Disinfectant: an agent used to destroy micro-organisms outside a living animal.

Disposal: sanitary removal of animal carcasses and other infected material by burial, burning or some other process, so as to prevent
the spread of disease.



Exsanguination: severe loss of blood.
Firearm: small arms weapon (gun or rifle).

Infected premises: a defined area, which may be all or part of a property, in which an exotic disease or its infective agent exists or is
believed to exist; an infected premises is subject to quarantine and to eradication or control procedures.

Infected premises operations team: team appointed by the local disease control centre (LDCC) controller to coordinate/supervise
operations at the infected premises.

Injection sites

intracardiac: into the heart;

intraperitoneal: into the peritoneal (abdominal) cavity;

intramuscular: into muscle (the needle is passed deeply into the substance of a muscle before the fluid is injected);
intrathoracic: into the thoracic (chest) cavity;

intravenous: into a vein;

subcutaneous: under the skin (hypodermic).

Nuchal crest: transverse bony ridge across the back margin of the roof of the vertebrate skull.
Poll: crown of the head.
Quarantine: legal restrictions limiting movement imposed on a place, animal, vehicle or other things.

Susceptible animals: animals that can be infected with the disease.




