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Human and animal safety during chemical immobilization of large carnivores in captivity 

is not affected by the same rules than working with domesticated animals. The parameters 

affecting it can be manipulated, though, to reach maximal safety. Identifying the 

parameters that affect safety the most according to wildlife veterinarians was the main goal 

of this thesis. Twelve zoo and wildlife park veterinarians working with large carnivores 

filled a questionnaire considering their daily work and these findings were also applied to 

one real life case of bear translocation in the spring of 2015. According the veterinarians, 

the animal safety during a large carnivore chemical immobilization seems to be most 

affected by the experience and training of the personnel, correct drug doses and sufficient 

monitoring of patient physiological condition during anesthesia. The human safety was 

most affected by the training of the personnel, communication between them during the 

procedure as well as correct drug doses. All veterinarians used medetomidine, the second 

most used drug was ketamine followed by tiletamine-zolazepam combination. Well over 

half of the veterinarians had encountered sudden awakenings, animal deaths and other kind 

of emergencies; four out of eleven had encountered personnel injuries. Finding out how 

manipulating each identified safety parameter individually affects the safety of a wild 

carnivore chemical immobilization would be a plausible theme for further study. Since the 

number of interviewed veterinarians was quite narrow and the answers came mainly from 

Europe, any kind of statistical conclusions based on this thesis should be made very 

carefully. 
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Teostades suurte kiskjaliste keemilist immobilisatsiooni, pole inimeste ja loomade 

turvalisus tingitud samadest teguritest võrreldes koduloomade anesteesias kehtivate 

teguritega. Seda mõjutavaid paramaatreid võib aga manipuleerida, et saavutada 

maksimaalne turvalisus. Käesoleva uurimistöö eesmärgiks on identifitseerida kõige enam 

inimeste ja loomade turvalisust mõjutavad tegurid anesteesiat teostades suurtele 

kiskjalistele vastavalt metsloomadega tegelevatele loomaarstidele. 12 suurte kisjkalistega 

töötavat zoo- ja loomapargi loomaarsti vastasid töö küsimustikule, mis käsitles turvalise 

töökeskkonna tagamist igapäevases töös, ning leidusid teostati praktikas karude 

translokatsioonis 2015 aasta kevadel. Eelnimetatud sündmus toimib praktilise näitena 

antud uurimistöös turvalisuse tagamiseks vajaminevate reeglite osas. Uurimistöö 

tulemusena selgus, et loomade turvalisus suurte kiskjaliste keemilise immolisatsiooni 

käigus on tingitud personali kogemusest ja koolitusest, õigetest ravimi doosidest ning 

korralikust patsiendi füsioloogilise seisundi monitooringust anesteesia ajal. Inimeste 

turvalisus on mõjutatud personali kogemusest ja koolitusest, personali omavahelisest 

kommunikatsioonist operatsiooni käigus ning õigetest ravimi doosidest. Kõige rohkem on 

kasutusel loomade anesteesias medetomidiin, ketamiin ja tiletamine-zolazepam 

kombinatsioon. Rohkem kui pooled vastanud loomaarstidest on kokku puutunud 

ootamatute ärkamiste, loomade surma ning teiste hädaolukordadega anesteesia jooksul. 

Seevastu neli vastanud loomaarsti üheteistkümnest on kokkupuutunud personali 

vigastustega suurte kisjaliste anesteesia käigus. Edaspidi võiks uuringuid teostada 

selgitamaks kuidas igaühe turvalisuse parameetri manipuleerimine mõjutab nii inimeste 

kui ka loomade turvalisust. Kuna intervjueeritud loomaarstide number oli küllaltki väike 

ning vastuseid saati peamiselt Euroopast, siis järeldusi põhinedes sellele lõputööle peaks 

tegema äärmiselt ettevaatlikult. 

Märksõnad: kiskjaline, keemiline immobilisatsioon, turvalisus, vangistus 
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INTRODUCTION 

 

Zoos and wildlife parks nowadays take more and more part in conservation of animal 

species. Seeing the extinction trend in progress nowadays, it seems inevitable that more 

animal species wild need conservation in the future. Unfortunately, this often means 

keeping a population of said species in captivity for breeding purposes. As we are moving 

away from the  animal exhibitions of old days, were are striving towards more natural 

ways of keeping wild animals in captivity and as the need for conservation increases, so 

does the need for knowledge of wild animal physiology and medicine. 

Wildlife veterinary is no new field in veterinary medicine, but as the sophisticated 

knowledge and equipment find their way to veterinary medicine, it is evolving into a more 

and more precise science. Gone are the days that we blindly have to use dog and cat 

practices on elephants, tigers and giraffes: more and more studies are made considering 

individual exotic species. Individuals, especially those of endangered species, being held 

captive in zoos and wildlife parks and bred to produce individuals destined to the wild 

receive more expert care since their lives are that much more valuable. Expert care means 

more precise operations and for these wild animals chemical immobilization is an essential 

tool: it might indeed be the only way to even get within touching distance of some animals. 

Wildlife chemical immobilization has also been the subject of increasing focus in the 

resent years. The groundbreaking work of a few pioneers has birthed manuals that have 

been renewed during the years as the knowledge about the field increases. No chemical 

immobilization is ever completely without risks, but especially when working with wild 

carnivores the danger aspect can never be completely eliminated. Although they might live 

in captivity and can be trained for some operations, these animals are not domesticated and 

should never be treated as such. For example the anesthesia of leopards represents a real 

risk for the personnel: these animals extremely aggressive, wake without a warning and do 

not back down (Semjonov, Andrianov 2013). What makes the situation more challenging 
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is that so many of the components regarding safety during wild carnivore chemical 

immobilization are impossible to completely control. For example, we can sedate the 

animal, but we can never be 100% sure it stays asleep for the whole procedure, because of 

the animals individual chemical structure and physiology. Also, we can choose a dose of 

the anesthetic agent regarded optimal to the target species, but the animal could have 

gotten too excited before the immobilization and the dose just isn’t enough. Basically, the 

only thing we can control 100% is our own behavior during the operation. It could be 

concluded, that when talking about wild carnivore chemical safety in captive conditions, 

it’s not about making the situation completely safe to both animals and personnel, but 

making it as safe as possible for that individual situation by being aware of all the risks, 

being prepared, using every safety system available and using them correctly. 

Though wild carnivore chemical immobilization and anesthesia has been the subject of 

much literature, the mere safety aspect of it has seldom been talked about. The goal of this 

thesis is to indicate the aspects most affecting both the animal and human safety of a 

carnivore chemical immobilization and anesthetization situation in captivity according to 

veterinarians who handle these animals in their day-to-day work. This was done by 

interviewing zoo and wildlife park veterinarians by email and asking them to fill a 

questionnaire. The hypothesis was that all the veterinarians have encountered some kind of 

emergencies and close calls in their work, the question was how many. It was also 

supposed, that if we interview enough veterinarians, the trend of “universal” safety aspects 

e.g. those most affecting the safety of a carnivore chemical immobilization situation in 

captivity will start to emerge. The gained knowledge was used to evaluate the safety of one 

real life bear immobilization operation in Alaveski Wildlife Park. 

I would like to thank my thesis supervisor Dr. Aleksandr Semjonov and all the 

veterinarians who answered the questionnaire for contributing and making this thesis 

possible. I also want to thank the staff of Alaveski Wildlife Park and especially Rein Kõiv 

who let me be the part of an operation for this thesis and my classmates Kadri Oru and 

Kerttu Kaschan, who helped me with the spelling of the parts written in Estonian. Lastly I 

would like to thank my family and friends who have encouraged me in making this thesis 

and supported me in all my endeavors.  
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1. LITERATURE REVIEW 

 

1.1 Introduction 

 

Although the chemical immobilization of large wild carnivores has been addressed by 

many authors and researchers, the mere safety of it in captive conditions has not been 

studied as much. A great effort has been given in recent years to finding new working 

methods and combinations of drugs that, in addition of being safer for both the personnel 

and the animal, could be used without restrictions of the laws. 

 

 

1.2 The animals 

 

This thesis focuses on the chemical immobilization of the three most prominent families of 

carnivores: the canids (Canidae), the felids (Felidae) and the ursids (Ursidae). Anesthesia 

of wildlife patients is probably one of the most challenging types of veterinary anesthesia 

(Ahlqvist et al. 2012; Ozeki, Caulkett 2014) and surprisingly little can be directly adopted 

from domestic species. For example, when anesthetizing wildlife, we can usually only 

determine the weight and physiological status of the animal once it is already anesthetized, 

so using an estimated weight for induction agent dosage is often  a necessity (Fowler 

2008b). The range of species and variation in physiology is quite diverse, not many of the 

more exotic species have ready-made normal values for parameters (Ozeki, Caulkett 2014) 

and it is often necessary to “blindly” use data from closely related species. Fowler (2008c) 

also notes that even though many wild carnivores are kept captive, even as pets, and may 
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be “tamed”, they are still unpredictable and perfectly capable of inflicting serious damage 

to humans and should never be considered safe to handle.  

 

 

1. 3 Remote drug delivery 

 

Brothers (2010) states, that no single type of remote drug delivery equipment is the best for 

every situation. The optimal system of a drug depends on many things, like the individual 

attributes of an animal, species, size, distance from the operator, skills of the operator, 

ability to confine the animal and the equipment at hand (Fowler 2008a). 

Nowadays dart guns, pistols and blowpipes are the most used remote drug delivery systems 

in captive wildlife chemical immobilization. Blow guns are probably better in zoo 

conditions than dart guns, since the distances are shorter and the force used is small enough 

to protect the animal from injuries caused by too much fire power. Such injuries include 

severe tissue injury, hemorrhage, bone fractures and necrosis (Isaza 2014). When the 

distances become too great for blowpipes dart guns and pistols are an essential tool, 

though. It should be noted, that dart guns can be as dangerous as fire guns, both potentially 

introducing life-threatening injuries and should never be pointed to any person. Brothers 

(2010) reminds that all onlookers should be cleared out of the area and when not used, the 

drugs and the weapons should be kept behind a lock. Because the force in the different 

delivery systems (blowpipes, dart pistols and dart rifles) differs widely, darts should only 

be used with their own system, since using greater power used in the delivery can shatter 

the syringes on impact. All syringes should be carefully removed from the enclosure after 

the operation, so that no secondary narcotization is possible (Brothers 2010). Figures 1 and 

2 showcase different types of remote drug delivery systems. 
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Figure 1: Telinject USA High Performance Long Distance Blowpipe (http:// 

http://www.telinject.com/catalogue/blowpipes.html) (23.5.2016) 

 

 

Figure 2: DAN-INJECT CO2 Injection Rifle (http:// http://www.dan-inject.com/CO2-

Injection-rifles/model-jm-special.html) (23.5.2016) 

 

Arnemo et al. (2014) remind that dart placement gives us the best indication of expectable 

induction time, it being the shortest when the dart hits a well-muscled area. Other factors 

effecting the induction times are the age, sex and physical condition of the animal, 

sensitivity to the drug and the dose used. Excited and stressed animals show longer 

induction times, (Arnemo et al. 2014) as well as the free-ranging animals when compared 

with captive ones. 
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1.4 Drugs, drug combinations and possible combinations 

 

Since the behavior of wild carnivores is hard to predict and control during chemical 

immobilization, we can somewhat affect how things go by selecting drugs and doses 

correctly and always according to every individual situation. There is no one ideal 

immobilization drug, though (Semjonov, Andrianov 2013) and therefore there are some 

basic safety requirements for all of them.  

Especially when immobilizing animals you haven’t had the opportunity to weigh recently a 

high therapeutic index (TI, the ratio between a lethal and effective dose) is important: 

combining immobilization agents increases the TI (Fowler 2008b). Semjonov and 

Andrianov (2013) add quick recovery and not causing respiratory depression or affecting 

thermoregulation to the list of the features of an ideal safe immobilization agent. The 

existence of a specific antagonist is also essential for safe chemical immobilization (Asano 

et al. 2007; Fowler 2008b; Semjonov, Andrianov 2013). It is necessary to remember, that 

no single drug or drug combination produces a reliable, safe anesthesia in all species and 

the reactions to the same drug in different species, even different individuals (Lamont, 

Grimm 2014) can differ greatly: this immensely affects the safety of both the animals and 

the personnel. 

 If an animal should die during immobilization procedure, it should be disposed of in a 

way, that other animals can’t get to it, eat it and possibly expose themselves to the drug 

(Woodbury 2014). 

The following will be a look through only the most commonly used drugs and drug 

combinations focusing especially on their safety aspects. 

 

 

1.4.1 Ketamine hydrochloride 

 

Ketamine hydrochloride is seldom used alone and often combined with other drugs to 

blunt the undesirable effect of the drug (Fowler 2008b; Lamont, Grimm 2014). With 

ketamine the time of immobilization is usually short (20-45 min) and it can be used to 
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prolong anesthesia in large felids: it is recommendable to always keep an additional dose at 

arm’s length for emergencies (Ramsay 2014). It is important to note, though, that ketamine 

currently does not have an antagonist (Ramsay 2014; Fowler 2008b) and its effect cannot 

be reversed should the situation call for it. Ketamine can increase intracranial pressure and 

causes a characteristic breathing pattern named apneustic breathing: a prolonged 

inspiration combined with a short expiration (Lamont, Grimm 2014). The animal’s eyes 

stay open and the palpebral reflex persists, which makes using eye-humectants that much 

more important (Lamont, Grimm 2014; Fowler 2008b) and should be kept in mind, since it 

may interfere with the interpretation of the anesthetic depth. Vocalization and 

uncoordinated movements are often seen during recovery; felids can showcase ataxia, 

falling, and hallucination-like behavior (Lamont, Grimm 2014; Fowler 2008b; Ramsay 

2014) and it is important to recognize that in this phase the animal is especially 

unpredictable and therefore dangerous. Ketamine nowadays has limited utility in human 

medicine, because of the hallucinations it causes: it has a high abusing rate and a severe 

intoxication can lead to unconsciousness and even respiratory arrest (Caulkett, Shury 

2014).  

 

 

1.4.2 α
2
 adrenergic receptor agonists: medetomidine, dexmedetomidine and xylazine 

 

Medetomidine is one of the safest immobilizing agents: it has a high therapeutic index 

(Fowler, 2008b), has been comprehensively evaluated in many animal species and has a 

specific antagonist, atipamezole (Lamont, Grimm 2014; Fowler 2008b). Xylazine, in the 

other hand, can be antagonized with yohimbine, tolazoline and idozoxan (Fowler 2008b).  

Lamont and Grimm (2014) and Fowler (2008b) remind that thought these drugs give 

sedation deep enough for basic handling, stimulation may cause arousal and the animals 

are capable of attacking. For this reason it is usually preferable to combine them with at 

least one other drug. Some authors go as far as saying that large carnivores should never be 

immobilized using only α
2
- agonist and note that α

2
- agonists cause vasoconstriction and 

hypertension, which may interfere with pulseoxymetry (Zoo animals 2010). This should be 

kept in mind, since it may effect monitoring of the anesthetic depth and the animal’s vital 

parameters thus affecting both the safety of the personnel as well as that of the animal. 
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There currently are no approved antidotes for human exposure to α
2
- agonists and the 

treatment includes only supportive care. Xylazine intoxication has caused several human 

deaths over the years, common characteristics of intoxication are bradycardia, hypotension 

and respiratory depression (Caulkett, Shury 2014). Medetomidine is usually produced in a 

high concentration, which makes it more dangerous in case of accidental human 

administration, side effects including transient hypertension followed by hypotension and 

bradyarrhythmias (Caulkett, Shury 2014). 

 

 

1.4.2.1 Ketamine hydrochloride - medetomidine  

 

Ketamine-medetomidine (from now on KM) is probably the most commonly used drug 

combination in large carnivore anesthesia: it allows the ketamine dose to be lowered and 

the effects of the combination to be reversed with α
2
-antagonist to shorten induction times, 

reduce muscle convulsions and thus improve safety (Ramsay 2014; Veeraselvam et al. 

2014).  

Tomizawa et al. (1997) immobilized five healthy African lions (Panthera leo) using KM. 

Ultimately, the recovery was smooth, no excitation was detected, reversal was lasting and 

no relapse to the deeper stage of sedation was observed. Side effects were limited to 

vomiting in three lions. During anesthesia EKG showed no significant changes, no 

cyanosis was detected but the rectal temperature decreased gradually. The authors 

concluded, that KM is a safe choice both for the personnel and animal and has several 

benefits compared to some other drugs used to chemically immobilize lions in the past. 

Valerio et al. (2005) used KM in combination with azepromazine and butorphanol to 

immobilize gray wolves. By combining many drugs, the dose of every drug could be kept 

quite low thus minimizing the unwanted side-effects of each individual drug. This 

combination was found to provide a complete and rapid induction without excitatory 

effects or ataxia and the side effects were mild and few in number.  
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1.4.2.2 Ketamine hydrochloride – Xylazine hydrochloride 

 

Because of it’s profound effect on the heart, xylazine alone has been gradually replaced by 

the combinations with α2-agonists. The ketamine-xylazine combination (from now on KX) 

harbors some species-specific sensitivities, though: especially Sumatran tigers (Panthera 

tigris sumatrae) seem to be sensitive to this combination (Ramsay 2014). 

Veeraselvam et al. (2014) used KX to anesthetize captive sloth bears (Melursus ursinus) 

and found it to be satisfactory for this purpose. Rapid and smooth inductions, smooth 

recoveries and adequate muscle relaxation for most procedures were observed. KX also 

had a wide safety margin allowing additional injections if they should be needed.  

 

 

1.4.3 Butophanol – Azaperon – Medetomidine 

 

Butorphanol-azaperon-medetomidine (from no on BAM) is widely used in wildlife 

medicine because of the wide margin of safety and broad spectrum of species it can be 

used on (Wolfe et al. 2008).  

Wolfe et al. (2008) used BAM to chemically immobilize black bears (Ursus americanus). 

BAM gave consistent anesthesia, without apparent adverse effect, good muscle relaxation 

and a rapid, smooth recovery without an antagonist. The rectal temperature, mean heart 

rate and oxygenation also remained within acceptable limits throughout the anesthesia. No 

vomiting or other side-effects were seen. However the authors also acknowledge BAM’s 

drawbacks, like slow recovery and having no effective antagonist, but note that using 

supplemental oxygen will reduce the risk of potential adverse effects. 

Semjonov et al. (in publishing) used BAM on African lions in South Africa and found 

induction to be smooth and calm, muscle relaxation adequate and evident in all cases, there 

was no vomiting and no additional injections were needed. All recoveries were calm but 

rather long compared to other drug combinations. In two cases weak palpebral reflex was 

noticeable and four lions showed spontaneous limb twitches (with total absence of 

palpebral reflex) but none of the lions reacted to procedures (blood collecting, intubation, 
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extubation), which makes BAM safe especially for the personnel. No deaths were detected 

but all the animals were severely ataxic afterwards, which is probably due to the lack of 

reversal agent for azaperon. Semjonov et al. conclude that although slight stable 

bradycardia and light metabolic acidosis was observed, this combination is efficient, 

reliable and safe for African lion anesthesia.  

 

 

1.4.4 Tiletamine hydrochloride – zolazepam hydrochloride 

 

Tiletamine’s effect is similar to ketamine’s and it can potentially cause seizures, but 

combined with zolazepam this risk is reduced (Kreeger et al. 1990). The muscle relaxation 

with the combination of tiletamine hydrochloride and zolazepam hydrochloride (from now 

on TZ) is also usually better than when ketamine is used alone, but recoveries are often 

prolonged and stormier (Ramsay 2014) and thus more dangerous to the personnel.  

The advantages of using TZ include rapid induction and the possibility to concentrate this 

drug combination into a smaller volume (Zoo animals 2010). In the other hand, there is 

currently no antagonist though flumazenil can be used the reverse zolazepam’s effects 

(Collins 2015). Other drugs are sometimes combined with TZ to improve the recovery 

period (Larsen, Kreeger 2014) and when mixed with medetomidine, TZ dose can be 

reduced even more (up to 75%) and the recovery times shortened considerably with 

medetomidine antagonist atipamezole (Ahlqvist et al. 2012; Asano et al. 2007). Caulkett 

and Fahlman (2014) note, that when dealing with bears, in both tiletamine-zolazepam-

xylazine and TZ the head lifting should be absent before the animals are approached to 

ensure safe anesthesia for the personnel. 

Tigers, especially Amur tigers (Panthera tigris altaica) have shown not to tolerate TZ at 

all. Semjonov and Andrianov (2013) propose KM as a better solution for tigers, since 

tiletamine-zolazepam-medetomidine (from now on TZM) led to bradycardia and poor 

oxygenation requiring correction. The recovery was also longer. The authors note, though, 

that in extreme situations and in countries where ketamine is illegal, TZM should be kept 

in mind as a possibility. In this case the monitoring of physiological parameters becomes 
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even more essential. The results of this study have been combined in the following table 

(table 1) as far as Amur tigers are concerned. 

 

Table 1: Comparison of physiological parameters while using ketamine-medetomidine and 

tiletamine-zolazepam-medetomidine combinations for Amur tigers (Panthera tigris 

altaica) (Semjonov, Andrianov 2013) 

  Ketamine- medetomidine Tiletamine - zolazepam 

  Mean value Notes Mean value Notes 

Introduction, min 10,2 Quick and uneventful 15 Quick 

Breathing, breaths/min 15 Smooth and deep 9 Inadequate oxygenation 

  
In two cases short apnoe 

 
Short apnoe, expiration 

Heartrate, beats/min 65 Stabile 45 Bradycardia 

Temperature, C° 38,4 

 

38,7 

 Blood 0₂ saturation, % 86 

 

69 

 ETCO₂, mmHb 31 

 

38 

 Nervous system 

   
Cramps, ataxia 

Recovery , min 16,4 

 

37,3 

 Other 

   
Death may occur a  

        couple of days after 

 

 

Ahlqvist et al. (2008) deem TZ as the drug combination of choice for bear immobilization 

because of it’s high safety margin and lack of major cardiopulmonary or thermoregulatory 

side effects. Asano et al. (2007) used TZ on Japanese black bears (Ursus thibetanus 

japonicus) and concluded that TZ provided sufficient anesthetic effects in all animals. No 

animals died but some animals needed additional doses. Kreeger et al. (1990) immobilized 

gray wolves (Canis lupus) using TZ and Lescano et al. (2014) used TZ combined with 

ketamine and xylazine: both deemed this combination effective and safe.  

Semjonov and Andrianov (2013) used TZM in their study with four different wild felid 

species comparing it to KM. Induction time (aside from lions), the end tidal CO2 (ETCO2) 

and recovery time in minutes were longer/higher when using TZM and heart rate, 

respiratory rate and SpO2 when using KM. Body temperature was roughly the same in both 

combinations. Semjonov and Andrianov conclude that in case of leopards both 

combinations can be used, but considering the risk these highly aggressive animals pose to 

the personnel, they deemed TZM a better choice. The majority of authors agree with this, 
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although KM should not be forgotten as a viable possibility for weak or sick animals. 

When using TZM, one should prepare to deal with complications: artificial ventilation and 

oxygenation may be needed.  

 

 

1.5 Monitoring, monitored parameters and possible complications 

 

Hypoxemia, respiratory depression, thermoregulatory dysfunction, drug overdose, 

vomiting (wolves), accidental aspiration of vomit or saliva and pneumothorax due to 

misplaced dart can be listed as possible complications of immobilization (Ahlqvist et al. 

2012) and thus things affecting the patient safety during the chemical immobilization. To 

lower the possible risks, appropriate monitoring of the physiological parameters and 

correct reaction to them is essential (Semjonov, Andrianov 2013). Ideally, cardiovascular 

and respiratory function (respiratory rate and depth) should be monitored continuously and 

the depth of anesthesia and body temperature intermittently (Ozeki, Caulkett 2014).  

 

 

1.5.1 Thermoregulation 

 

Ko and Krimins (2014) recommend using temperature sensors placed in the tympanic 

membrane or the lower third of the oesophagus to get a more exact reading on the carotid 

artery temperature, which in turn reflects the temperature of the blood flowing into the 

hypothalamus, an organ in control of the animal’s core temperature. The authors note that, 

though being a useful tool on measuring relative changes in body temperature, rectal 

temperature (from now on RT) indicates a more local temperature and thus can be easily 

affected by various factors. 
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1.5.1.1 Hyperthermia 

 

Brothers (2010) portrays hyperthermia as a dangerous yet common post-darting 

complication caused by increased stress, high ambient temperature, excessive muscular 

activity and the immobilization drugs.  Immobilizing animals in hot weather should be 

avoided, but the cooling should not be too rapid either. Symptoms of hyperthermia include 

shallow breathing, panting and weak, rapid or irregular heartbeat and in the worst case 

even convulsions and death (Arnemo et al. 2014). Ahlqvist et al. (2012) consider RT 

exceeding 40.0 °C as hyperthermia. To correct hyperthermia Ahlqvist et al. (2012) 

recommend wetting the animal in places that have less hair and blood vessels close to the 

skin, for example the groin, the axilla and the tongue. The author also draws attention to 

the fact that the animal’s oxygen demand rises in direct proportion with the body 

temperature (10% for every °C) as well as the amount of carbondioxide produced. This is 

why supplemental oxygen is essential in hyperthermic animals.  

 

 

1.5.1.2 Hypothermia 

 

Arnemo et al. (2014) list low ambient temperature, evaporative cooling from wind chill, 

wetness, precipitation and the used immobilization drugs as causative factors for 

hypothermia during chemical immobilization. Hypothermia prolongs recoveries, causes 

myocardial irritation, arrhythmias, decreases cardiac output and blood pressure, causes 

hypoventilation, apnea, respiratory acidosis, clotting abnormalities, thrombosis and 

gastrointestinal ileus. Ko and Krimins (2014) also remind, that bradycardia caused by 

hypothermia may not react to the anticholinergics, because it’s not vagally mediated. 

Ahlqvist et al. (2008) define temperatures under 36 °C in bears and those under 37 °C in 

other species, Arnemo et al. (2014) temperatures under 35 °C in all species as a mark of 

hypothermia and notes that hypoxemia is a common result of hypothermia-induced 

shivering. This makes monitoring the animal’s position that much more important: nothing 

should inhibit the animal from breathing freely (Cracknell 2014). 
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Ahlqvist et al. (2008) propose that same places to cool hyperthermic animals can be used 

to warm hypothermic ones with hot water bottles and warmed up intravenous fluids. In 

addition to actively warming the animal, the authors remind to also shield the animal from 

for wind and cold surfaces. 

 

 

1.5.2 Oxygen, cardiorespiratory function and CPR 

 

The basic monitoring of respiratory system consists of visualizing chest movements to 

determine rate and depth of respiration (Lescano et al. 2014; Ozeki, Caulkett 2014). 

Oxygenation and the presence of cyanosis can be crudely visualized by mucous membrane 

color, though it has to be noted, that this method is very subjective (Ozeki, Caulkett 2014). 

Capillary refill time (CRT) can be used when assessing peripheral circulation (Ahlqvist et 

al. 2012). Ozeki and Caulkett (2014) note that pulse oximeters are never 100% reliable, 

even though they give information about oxygenation and occurring trends. Information 

about ventilation in the other hand is not adequate and vasoconstriction or vasodilation can 

easily mess up the readings. Also, since pulseoximeters tend to overestimate saturation at 

lower ranges of PaO2 and hypoxemia can be missed if only trusting the pulseoximeter. For 

these reasons, pulseoximetry should be combined with electrocardiograph or auscultation. 

Capnography, in the other hand, displays ETCO2 and shows the adequacy of ventilation. 

The simplest method of monitoring the cardiovascular system is to determine the heart rate 

and rhythm by auscultating with a stethoscope or by palpating the pulse. Valerio et al. 

(2005) found that tissue perfusion could not be adequately evaluated by using only clinical 

parameters (heart rate, arterial blood pressure), particularly when using drugs that affect 

vascular tone.  

Every team member should be trained in cardiopulmonary resuscitation (CPR) (Brothers 

2010). Boysen (2014) notes that majority of information about zoo animal CPR has been 

adapted from the human practice since the information on the veterinary field on the 

subjects is scarse. Unceasing high-quality chest compressions seem to be the most 

important thing and it should only be stopped for short procedures. It is important to note 

that cardiac arrest can occur even with a normal EKG wave form. Central administration of 
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resuscitation drugs into jugular vein is the most rapid way to get a response and when 

delivering drugs via peripheral route they should be followed by a fluid bolus. In the case 

of apnea, Ahlqvist et al. (2008) recommend a dose of doxapram intravenously to stimulate 

breathing. It’s important to note though, that in addition of having a short acting time, the 

drug is also a central nervous system stimulant and can cause the awakening of the animal 

(Ahlqvist et al. 2012). For monitoring the efficiency of CPR, Boysen (2014) proposes 

measuring the femoral pulse and ETCO2. Prognosis for animals recovering from 

cardiopulmonal cerebral resuscitation (CPCR) is usually poor, though it is dependent on 

many factors. The authors recommend discontinuing CPCR if spontaneous circulation does 

not return after 20 minutes, since a permanent brain damage has probably reached by then. 

Early intervention is the key, since there is a high chance of recurring arrest (Boysen. 

2014).  

 

 

1.5.3 Injuries and mortalities 

 

Isaza (2014) notes that physical injuries are regrettably quite common during wildlife 

immobilization. Dart related injuries can be avoided using accurate darting system, making 

sure that the firing range is not too long, by systematical training with practice targets and 

even with keeping the drug volume at the minimum to avoid tissue trauma by the volume 

entering the muscle. To avoid tissue trauma, Brothers (2010) suggest minimizing the dart 

velocity to the slowest that still enters the muscle and using more concentrated drug. The 

more powerful delivery systems using an explosive charge should only be used in large, 

well-muscled animals (Arnemo et al. 2014): when possible it’s better to choose a weapon 

that uses compressed air to expel the drug from the syringe. Needles can also introduce 

foreign material and infection to the darting site and because of this local wound care and 

sterilizing needles is important (Isaza 2014). Other ways to minimize mortality include 

using drugs and doses with proven safety as well as a skilled and experienced capture team 

(Arnemo et al. 2014).  
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1.5.4 Regurgitation, vomiting and aspiration pneumonia 

 

Vomiting and regurgitation are always emergencies in immobilized animals since they 

may result in aspiration pneumonia and require long term intensive care, which in most 

cases is impossible even for captive wild animals (Arnemo et al. 2014). Animals should 

always be positioned so, that their muzzle is lower than the rest of their body (Arnemo et 

al. 2014; Ahlqvist et al. 2012). Larsen and Kreeger (2014) recommend fasting captive 

animals 12-24 hours and withholding the water for 12 hours prior immobilization, though 2 

hours not drinking is typically sufficient. Also, if the animals are not correctly fasted 

before the chemical immobilization, gastrointestinal dilatation and gastrointestinal 

dilatation and volvulus are real risks, especially for large canids. To avoid these problems 

rolling the animals should be avoided as much as possible (Larsen, Kreeger 2014).  

 

 

1.5.5 Stress  

 

Semjonov and Andrianov (2013) remind that free-ranging animals always experience 

greater stress than captive ones. Stress-hormone cortisol decreases the effect of the 

anesthetic agents (Semjonov, Andrianov 2013) and this is why doses for free-ranging 

animals always need to be greater. Generally it is safer for the animal as well as for the 

personnel to overdose with immobilization drugs rather than use a dose too small (Brothers 

2010). To avoid unwanted and possibly dangerous reactions to stress, the animal should 

immediately be connected to an intravenous system, given fluids and the means of 

blocking visual and auditory stimulation (for example a blindfold and earplugs) used 

(Arnemo et al. 2014). 
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1.6. Reversal and recovery 

 

To ensure the safety of the animal patient, a reversal agent to the used anesthetic drug 

should always be at hand’s length (Arnemo et al. 2014). Administrating them always has 

to be the last thing to do when leaving the animal’s enclosure: all of the equipment needs 

to be removed before that. Unless there is a special need for rapid recovery the antagonist 

should be administered intramuscularly. The personnel should remain close by to make 

sure the animal stays away from hazards during recovery (Arnemo et al. 2014).  

Naltrexone is a synthetic opiate antagonist that can be used to reverse the effects of 

opioids. It has proven itself especially when preventing re-narcotization after using 

carfentanil and it’s also the treatment of choice for accidental injection of opiates in 

humans. Naloxone, in the other hand, is a true narcotic antagonist lacking the agonistic 

effects of other drugs of the same group (Fowler 2008b). 

Medetomidine can be reversed with atipamezole (Padilla, Hilton 2015; Lamont, Grimm 

2014). Recommended dosages vary by authors, but typically atipamezole’s dose is 2-5 

times the dose of medetomidine, Ahlqvist et al. (2008) proposes a dose of 5mg of 

atipamezole for every 1 mg of medetomidine.  

Flumazenil is the only widely used benzodiazepine antagonist in zoological medicine, yet 

it can be argued that the animal should be left to “sleep through” the diazepam or 

midazolam induced anesthesia for a “smoother”, safer recovery (Ramsay 2014). 

 

 

1.7 Human safety  

 

1.7.1 Personal safety, planning and risk assessment 

 

During any kind of carnivore chemical immobilization, human safety should be the 

priority: it should only be performed by correctly schooled people and it should never be 

tried alone (Brothers 2010). Caulkett and Shury (2014) highlight the importance of 
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preparedness in wildlife anesthesia. The conductors should get familiar with the target 

species and all the equipment should always be checked thoroughly before use. Pre-

immobilization plan, evacuation plan, risk assessment and a flexible emergency response 

protocol should be formulated for every situation exclusively prior the operation, a 

designated leader should be assigned and every person participating in the immobilization 

should know their role and how to play it correctly. Factors like weather at the time of the 

immobilization and zoonotic disease risk should also be assessed. A complete first-aid kit 

(containing epinephrine, atropine, local anesthetics and reversal agents) should always be 

carried along and everyone in the team should know it’s location at all times. Accident 

victims should never be left alone! Caulkett and Shury (2014) note, that if it should 

become necessary to transport a team member to a hospital, drug package inserts should 

always be delivered to the health care professionals.  

 

 

1.7.2 Equipment related risks 

 

Filling the darts with the anesthetic agent presents a real risk for the personnel: it should 

never be done alone or on a shaky, unsteady surface, in addition to protective wear there 

should be an abundant water supply to rinse away any spills and loaded darts should 

always be stored in a leak proof container. A “splash box” is a useful tool and probably 

also keeps the loader the safest. Using and transporting pressurized oxygen cylinders 

compressed gas also presents a risk that should not be forgotten  (Caulkett, Shury 2014). 

Other equipment related risks have also been discussed in the remote drug delivery 

chapter. 

 

 

1.7.3 Animal related risks 

 

Everyone working with wild carnivores should be prepared for the possibility of receiving 

scratches and bites and even the possibility of an occasional zoonotic infection during 
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chemical immobilization. Depending of the geographical location, rabies presents a real 

danger, especially to those not correctly vaccinated against it.  

The risks in this category can be avoided with careful handling, protective wear and up-to-

date vaccination status. Depending on the situation it may be necessary to have some 

armed backup prepared to use deadly force if necessary in case of an animal attack during 

the immobilization and to place hobbles in the animal’s legs before starting any kind of 

procedure. It is necessary to note, however that many of these backups introduce a 

potential risk to their user and other personnel also (Caulkett, Shury 2014).  

 

 

1.7.4 Insufficent anesthesia, spontaneous awakening and supplemental doses 

  

Roughly it could be said that a very light anesthesia presents a threat to the personnel and a 

very deep one to the patient. It is crucial to know in advance what to expect from the 

species and protocol in question (Ozeki, Caulkett 2014). Since we are dealing with very 

dangerous animals, it is absolutely essential that it is effectively and completely 

immobilized before any human gets close and remains immobilized for the whole 

procedure. Arnemo et al. (2014) remind that especially the initial approach of an 

immobilized animal is a dangerous. There should always be a readily available escape 

route for both animals and people at all times. When entering the enclosure with sedated 

animals, one should first try to stimulate the animal with a loud noise. If that gives no 

result, the animals should next be stimulated tactically and finally, if it is safe, the 

palpebral reflex can be checked, eyes lubricated and vital signs controlled. The author 

recommends monitoring the ear movement: the hairs inside the ear can be moved for 

example with a stick. If the ear still twitches 10–15 minutes after induction, supplemental 

dose might be needed (Ramsay 2014). Ahlqvist et al. (2008) consider the situation, 

anesthetized animal species and need for surgical anesthesia as the three things most 

crucial when considering the need for supplemental doses to maintain the anesthesia. It 

should be kept in mind though, that some animals will still show the ear twitch despite 

being adequately immobilized and the used drug also influences the reactions (Larsen, 

Kreeger 2014). According to Brothers (2010) one should always wait for at least 30 

minutes, before delivering the additional dose. Arnemo et al. (2014) reminds that factors 
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like loud noises, moving the animal and pain increase the risk of sudden awakening. 

Sensory stimuli that might arouse the animal should be blocked with blindfolds and 

earplugs (Ahlqvist et al. 2012; Veeraselvam et al. 2014; Brothers 2010). Blindfolds also 

help prevent any corneal injuries and protected eyes from direct sunlight and drying. In 

some cases, reactions to stimuli should not be interpreted as signs of arousal, though. 

Arnemo et al. (2014) notes that when α2-agonist based protocol is used, there should be no 

head or limb movements prior to the approach, but if TZ alone or opioids are used, some 

involuntary movements can be seen even in adequately sedated animals. A recovery crate 

nearby is beneficial for the safety of the anesthesia, so that the animal can be put in quickly 

in case of spontaneous arousal or in a situation where rapid recovery is needed (Lamberski 

2015). The following table (table 2) sums up parameters usually used to monitor anesthetic 

depth. 

 

Table 2: Parameters used to monitor anesthetic depth during large carnivore anesthesia 

(Ozeki, Caulkett 2014) 

Parameter Presentation Note 

Palpebral reflex  Present/Absent Presentation depends on the protocol used 

(lateral and medial) 
  

Corneal reflex Present (most species) Absence marks a very deep anesthesia 

Jaw tone Varies  Presentation depends on the protocol used 

Ocular globe  Varies  Usually rotated medially and ventrally  

positioning 

 

(surgical plane of volatile anesthesia) 

 
 

Central globe may represent a shallow plane when  

  
palpebral reflexes are present; very deep plane 

  

when they are absent 

Movements Varies Presentation depends on the protocol used 

  
Some somatic movement when dissociative drugs / 

  

benzodiazepines are used 

  

When using dissociative drugs/benzodiazepines 

with alpha-2 agonists head movement is a sign 

  
of a very light anesthesia 

Heart rate Varies Presentation depends on the protocol used 

Respiratory rate Varies Presentation depends on the protocol used 

Arterial blood pressure Varies Presentation depends on the protocol used 
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1.7.5 Accidental human exposure to restraint agents 

 

Fowler (2008b) reminds that all restraint agents may potentially be dangerous and even 

lethal to humans. In addition to direct injection, spraying to the mucous membranes or the 

conjunctiva may deliver the hazardous dose. Possible symptoms include dizziness and 

incoordination, nausea, vomiting, extremely small pupils (“pinpoint pupils”), slow and 

shallow breathing, decreasing blood pressure, cyanosis, heart failure, terminal dilatation of 

pupils and death (Fowler 2008b). It is recommendable always having a first aid kit 

including vials of reversal agents and equipment for administering the drug intravenously 

readily available at all times, even drawn into syringes prior the operation (Fowler 2008b ; 

Caulkett, Shury 2014). Markings on the vials and bottles have to be easily red (old and 

damaged labels have to be replaced) and it is better to keep everything always on the same 

place. 

The darts are designed to automatically discharge the drug when it hits something, no 

matter if it’s the designated animal or not, a fact that makes the darting procedure even 

more dangerous. The drug may also be expelled before or after the needle hitting 

something, which may become a source of drug exposure later. Filling the syringes should 

never be done alone, personnel should be trained for basic first aid and assigned specific 

tasks (Caulkett, Shury 2014). There’s no eating, drinking or smoking during the procedure, 

and eye rubbing should be strictly avoided. While loading syringes and darts, necessary 

protective measures (gloves and protective glasses) should always be in use (Caulkett, 

Shury 2014; Brothers, 2010). Caulkett and Shury (2014) recommend coveralls, since they 

are quick and easy to remove should there be any spills. Air should not be pushed into vials 

of powerful drugs and darts or syringes should never be placed in pockets or mouth.  

Isaza (2014) also notes that all dart guns should always be treated like firearms no matter 

what they are loaded with. All weapons should be assumed loaded, before it is determined 

to be otherwise and filled syringes should always be labeled (drug and date). The darts’ 

projection can be affected by many things (wind, bouncing from the animal, etc.) and for 

this reason the person operating the weapon should be absolutely aware of all the animals’ 

and humans’ positions in relation to him or her as well as any individual weather 

compound that can affect the shot. The authors note that the person responsible for the 

safety of the darting procedure is the person who is holding the gun. The shooter should 
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familiarize with the equipment and everybody should be familiar with the emergency 

communication devices and know how to use them (Isaza 2014). 
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2. RESEARCH OBJECTIVES 

 

The research objectives of this thesis where: 

 to find out which anesthetic drugs are most commonly used by veterinarians for 

immobilization of wild carnivores;  

 to find out what percentage of the veterinarians working with wild carnivores have 

encountered sudden awakenings, animal deaths, personnel injuries and other 

emergencies in their work while conducting large carnivore chemical 

immobilizations in captivity; 

 to find out which aspects most affect the safety of the animal patient during a large 

carnivore chemical immobilization in captivity according to veterinarians; 

 to find out which aspects most affect the safety of personnel during a large 

carnivore chemical immobilization in captivity according to veterinarians; 

 to identify the safety aspects of one actual case of large carnivore chemical 

immobilizations in captivity. 
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3. MATERIALS AND METHODS 

 

Since the theme of this thesis has not been studied in the near past, it was necessary to 

interview veterinarians working with large carnivores from day to day, to get some kind of 

understanding about the current situation. The questionnaire was answered during 2014-

2016 by in total 12 zoo and wildlife park veterinarians with experience of working with 

large carnivores. The answers came from Finland, Estonia, Latvia, Russia, Denmark, 

Hungary, Germany, Austria, the Czech Republic and South Africa. All the questionnaires 

were sent and the answers received by email. 

The method of choice for this thesis was qualitative study. Qualitative study aims to depict 

real life holistically, being aware that it is diverse, yet can’t be divided into parts 

arbitrarily: it aims to finding truths rather than verify already proven ones (Hirsjärvi et al. 

2007).  All of the interviews were performed by email to reach people near and far, using a 

questionnaire composed by the author. To safeguard the intimacy of the veterinarians who 

answered, they are referred to only by their country of origin. The questionnaire was aimed 

to produce easily analyzable and quantitatively relevant material for the thesis. It was 

constructed from seven larger themes (your practice, health condition of the animal being 

anesthetized, the length of the anesthesia, personnel, medication, monitoring of anesthesia 

and miscellaneous), that in themselves contained approximately three to five separate 

subtitles. The questions were multiple-choice questions as well as those requiring longer 

answers. The questionnaire can be found at the end of the thesis (appendix 1). 
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3.1. Case of immobilization of brown bears in Alaveski Wildlife Park 

 

Three yearling brown bears (Ursus arctos) were chemically immobilized in Alaveski 

Wildlife Park, Võru county in southern Estonia in April 2015. The animals were 

immobilized for relocation to a bigger enclosure, microchipping and vaccination against 

rabies. Since it was impossible to weigh the bears, the bodyweights were estimated 

visually. The animals were immobilized with 0,03 mg/kg dexmedetomidine (Dexdomitor 

® 0,5 mg/kg) and 3 mg/kg tiletamine zolazepam  (Zoletil®). This way 1ml of final 

solution in the dart contained approximately 100mg of Zoletil® and 1mg of Dexdomitor®. 

20 mg of ketamine was also added to dart to compensate the cardiosupressive effect of 

dexmedetomidine. Dan-Inject rifle JM Special 25 was used to remotely deliver the drugs to 

the shoulder area of the animals from outside the enclosure as seen in figure 3.  

 

 

Figure 3: Assessing the distance before immobilizing (Authors original) 

 

15 minutes after all the bears were visually sedated the level of their sedation was assessed 

by poking the bears with a metal pole to and minimize the chance of any sudden 

awakenings and blindfolds were placed over the bear’s eyes. The darts were removed and 

the wounds treated with antibiotic spray. All of the bears were placed on lateral 

recumbency and free air flow from the nostrils was ensured. The bears oxygen saturation 

and heart rate was controlled with a pulseoxymeter attached to the tongue as depicted in 

figure 4. Notice the blindfolds and the hand covering the pulseoxymeter sensor from light. 

The heart rate was double-checked with stethoscope (figure 5). The green antibiotic spray 

seen on the bear’s shoulder marks the point of darting. 
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Figure 4: Measuring the oxygen saturation with pulseoxymetry (Authors original) 

 

 

Figure 5: Double-checking the heart rate with stethoscope (Authors original) 

 

After relocating to the larger enclosure the bears were placed on their right side in a shady 

place on a layer of dry straw and the measurements with the pulseoximeter and other 

readings were repeated. To reverse the effect of the dexmedetomidine, all the animals 

received an intramuscular dose of atipamezole hydrochloride (Antisedan ® 5 mg/kg) in 

five times of dexmedetomidine dose. After the author delivered the dose of atipamezole 

and exited the enclosure, the bears visually from outside the cage until fully awake.  
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4. RESULTS 

 

In all twelve answered questionnaires were processed in making this thesis. Ten of these 

twelve interviewed veterinarians basically use chemical immobilization always, when there 

is a need to approach a large carnivore, even if it is just for blood sampling or clinical 

exam. Two veterinarians mention, though, that some animals are trained to allow small 

procedures like blood test without chemical immobilization, but the safety risks also grow 

doing so. Transport and treatment of injuries were mentioned as procedures that always 

require chemical immobilization. One veterinarian even mentioned transport being the 

“smallest” procedure requiring chemical immobilization. Over half of the interviewed 

veterinarians (six out of ten) concluded that nothing in the animals heath status precludes 

chemical immobilization in captive conditions, since it is basically the only way to even 

get close to the animal safely. One of these veterinarians also mentioned that though 

nothing precludes anesthesia when there is a need to treat, some underlying conditions 

require careful monitoring throughout the chemical immobilization. Four veterinarians 

listed moribund status, last trimester of pregnancy, the usage of certain drugs for certain 

species, kidney-, liver- or heart diseases and compromised function of these organs as well 

as lung edema as reasons not to chemically immobilize large carnivores. 

Six out of ten interviewed veterinarians note that nowadays large carnivore chemical 

immobilization is relatively safe for both humans conducting it and the animal patients. 

The general consensus was, though, that if it is a question of choosing one, human safety is 

always more important. One veterinarian deemed the operations nowadays to be safer for 

the patient due to advantages in monitoring and support. 

Two to three people was the average number of people needed to perform a large carnivore 

chemical immobilization in captive conditions. In addition to the veterinarian, in all but 

one answers one or two nurses or the keepers were also required. The veterinarian was 

mentioned to be in charge of performing the procedure and the general safety of the 

situation and the nurses’ and keepers’ tasks consisted of monitoring the anesthesia, sample 

handling and general helping. All but one (n=11) veterinarians listed experience and proper 
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training as requirements to partake to a large carnivore chemical immobilization operation. 

It was also mentioned by two vets that a specific task is needed for everyone participating 

in an operation: there should not be any “surplus” people present. One veterinarian 

mentioned doing all chemical immobilizations alone, so there basically were no 

requirements for other people. One veterinarian required a strong nerve structure of every 

participant. 

The veterinarians were asked, among other things, how the number of personnel 

participating in an operation affects the safety of personnel and that of the animal patient in 

their opinion; the results are demonstrated in table 3. The numbers indicate how many of 

the eleven veterinarians chose that option. Please note that some veterinarians may have 

chosen more than one option. “Less people” got more hits in the “safer for the personnel”-

line and “more people” on the “less safe for the personnel” which indicates less people 

being safer for the personnel. When considering the animal patient’s safety, “less people” 

has considerably more hits, indicating more people being safer for the animal patient, 

although the results from the “more people” –column. 

 

Table 3: The effect of the number of people participating to the safety of a chemical 

immobilization according to interviewed veterinarians (n = 11) 

Effects on safety Less people More people 

  Number of hits*   

Safer for the personnel 5 3 

Less safe for the personnel 4 8 

Safer for the patient 1 5 

Less safe for the patient 8 5 

*Number of veterinarians that chose this alternative, some chose more than one 

 

Table 4 demonstrates drugs the interviewed veterinarians most commonly used in their 

work with large carnivores in zoos and wild life parks. The number represents the number 

of veterinarians that uses the particular drug. 
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Table 4: Drugs most commonly used by interviewed zoo and wild life park veterinarians 

(n = 12) 

Name of the drug Number of hits* 

Alpha-2 adrenergic agonists   

Xylazine 5 

Medetomidine 12 

Dexmedetomidine 3 

Benzodiazepines   

Midazolam 3 

Diazepam 1 

Dissociatives / NMDA antagonists   

Ketamine 9 

Injectable anesthetic / traquilizer   

Propofol 3 

Intravenous anesthetic   

Alfaxalone 3 

Opioids and synthetic opioids   

Butorphanol 8 

Buprenorphine 1 

Etorphine 1 

Phenothiazine sedatives    

Acepromazine 3 

Combinations   

Tiletamine-Zolazepam 8 

Butorphanol-Azaperone-Medetomidine 2 

Alpha-2 adrenergic antagonists   

Atipamezole 9 

Yohimbine 1 

Opioid antagonists   

Methadone 1 

Naloxone 3 

Diprenorphine  1 

Naltrexone 1 
*Number of veterinarians that chose this alternative 

 

Figure 6 demonstrates how often interviewed veterinarians use supplemental oxygen in 

their operations. The number written in brackets indicates the number out of twelve 

interviewed veterinarians, that chose this option. 
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Figure 6: Additional oxygen usage during chemical immobilizations by interviewed 

veterinarians (n = 12)  

 

The interviewed veterinarians were asked, if they have encountered emergencies during the 

chemical immobilization and anesthesia, such as personnel injuries, animal deaths, sudden 

awakenings and other emergencies. The results are compiled in figure 7.  

 

 

Figure 7: Sudden awakenings, animal deaths and other emergencies encountered during 

chemical immobilization and anesthesia by the interviewed veterinarians (n = 11) 

Every time 

(5) 

Never 

(3) 

Sometimes 

(4) 
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Sudden awakenings

Other emergencies
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Number of veterinarians 
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The veterinarians were asked to choose from a readymade list, what three things they 

would consider to be the most important safety-wise for the patient and for the personnel 

involved in the operation. The choices as well as the results are demonstrated in the 

following table (table 5). 

 

Table 5: The most important aspects safety-wise for the animal patient and the personnel 

involved in a chemical immobilization according to the interviewed veterinarians (n = 12) 

Aspects Safety of the personnel Safety of the animal 

 Number of hits *  

Experience and training of the personnel 11 11 

Correct dosing of drugs 6 11 

Number of people involved being optimal 6 0 

The environment in which the operation      

is performed 0 0 

Aparature’s condition / Well working aparature 0 0 

Correct monitoring of patient physiological      

condition during anesthesia 2 10 

The adequate duration of the anesthesia 2 1 

Communication between the members of the      

personnel during the procedure 9 1 

Something else          1** 1*** 

   * Number of veterinarians that chose this alternative, every veterinarian chose three,  

**a good plan, 

*** possibilities to use safe drugs 

 

In the case of practical immobilization of three young brown bears at Alaveski Wildlife 

Park, anesthesia occurred after a single injection of drugs and here was no need for 

additional injections to achieve immobilization. The first sign of induction occurred 1-3 

minutes after the injection. The inductions were calm and smooth, the induction time of 

bear number 1 was 7 min and for bears number 2 and 3 2 - 9 min. Both bears remained 

sleeping in sternal recumbency. The bears were approached 15 min after darting. 

Immobilization was stable and sudden arousals were not observed. Good muscle relaxation 

was evident in all three animals. No jaw muscle tone or palpebral reflexes were present. 

None of the bears showed reaction to transport or injecting. The heart rate of all three bears 

was stable during restraint and no arrhythmias were detected. Mean heart rate was 60 
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(ranged 48–65), respiration was stable and deep. Oxygen saturation during the 

immobilization was stable and fitted to normal range of 95–98%. The body temperatures of 

the animals slightly decreased during procedure but remained within the normal range of 

36.5-38.5°С. Capillary refill times were less than 2 seconds and the mucous membrane 

color was normal in all animals. The first recovery signs observed following administration 

of the antagonists were blinking eyes and ear and limb movements. The recovery time was 

for all bears were approximately 22-28 minutes. 
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5. DISCUSSION 

 

When dismantling the data collected in the interviews, it came clear to the author that 

separating human safety from animal safety in a chemical immobilization situation as well 

as chemical immobilization from anesthesia is quite hard. In one way, this makes it harder 

to produce unambiguous data and in the other it binds all of these aspects into one big 

entity. 

It should be noticed, though, that since the study material was quite narrow and the 

answers came mainly from Europe, any kind of statistical conclusions based on it should 

be made very carefully. Some of the answers are also affected by the veterinarians own 

opinions and experiences and in some situations there cannot be a numeric answers, which 

makes formulating of statistical data quite hard. Also, when asked about the problems the 

interviewed veterinarians have encountered, since the questionnaire did not specifically ask 

how long have the veterinarians been working with carnivores, it could very well be, that 

some just have not encountered any problems yet.  

Fowler (2008b) notes, that using chemical immobilization when working with wild 

animals has become a routine that basically permits conduction of which ever operation is 

necessary. Though it was mentioned by some veterinarians, as well as in the literature 

(Ramsay 2014; Fowler 2008e), that some animals can be trained for small relatively 

painless procedures like blood drawing, there is always a safety risk when introducing 

pain, no matter how little, to a wild animal, no matter how well trained. One interviewed 

veterinarian mentioned, that there are two things to consider when deciding whether to use 

chemical immobilization or not: the painfulness of the procedure to the animal and general 

safety of the staff. Other important things also effecting the decision are how stress-

sensitive the species and/or individual is and how precise the procedure is. Generally 

speaking, as most of the interviewed veterinarians declare, when it is necessary to get near 

a wild carnivore, chemical immobilization should always be used to ensure the safety of 

staff as well as protecting the animal patient’s health. If the goal is to primarily maximize 

the safety of the personnel, always using chemical immobilization is indeed the best way to 
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do this. Isaza (2014) supports this claim by noting, that extremely dangerous animals, like 

large carnivores, should not be restraint physically on behaviorally.  

The consensus among the interviewed veterinarians was that nothing about the animal’s 

health status precludes anesthesia when it is an emergency and that when dealing with wild 

carnivores, it is usually the only way to even get close enough to treat the patient. This data 

seems to correlate well with information found in literature. Fowler (2008d) notes, that 

oftentimes there is no option not to use chemical immobilization, especially if it is a case 

of emergency. One of the veterinarians mentioned, that even when dealing with a sick 

animal, chemical immobilization is probably still safer for the patient than physical 

restraint.  This is because even for healthy wild animal, even a captive one, fear of humans 

and physical restraint elicit a stress response (Arnemo et al. 2014), which in turn increases 

the animal’s blood pressure, pulse and breathing rate. Stress-hormone cortisol indeed even 

hinders the effect of the anesthetic agents (Semjonov Andrianov2013).  This kind of 

additional stress can be lethal especially to an animal that is already compromised heath-

wise. Fowler (2008b) ever goes as far as saying, that chemical immobilization saves many 

animals’ lives by minimizing stress and trauma during operations. When there is no 

immediate need, moribund status, last trimester of pregnancy and serious kidney, liver or 

cardiopulmonary disease and/or compromised function of these organs were listed as 

contraindications for chemical immobilization by the interviewed veterinarians. It was also 

mentioned, that contraindications are specific to drugs and drug combinations and thus 

specific to each individual situation. Like the literature also mentions, every situation 

should be planned ahead carefully and the personnel should be ready to react to 

emergencies. In this thesis, however, we must remember that the study material has been 

collected from veterinarians working in many different environments with different species 

of large carnivores, and for this the list of needed and/or performed procedures may vary 

and thus somewhat effect the answers. It would seem that when considering if chemical 

immobilization should be used or not, the lesser risk should be chosen basing the decision 

on the knowledge of the patients current health status and the risks that particular operation 

would introduce to personnel conducting it as well as the available aparature. 

When the veterinarians were asked, whether they consider the anesthetization of large 

carnivores nowadays to be safer for the personnel or for the patient, the answers varied a 

lot. In one hand, the veterinarians concluded, that the safety of the personnel and that of the 
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animal patient is extremely difficult to separate in a chemical immobilization operation, 

since many of the same aspects affect both. In the other hand, since human safety is always 

more important, the ultimate goal should always be to make the situation as safe as 

possible for the personnel and only then shift the focus to animal safety. This is strongly 

backed up by the literature: Fowler (2008d) indeed concludes that thinking otherwise is 

literally foolhardy. It was also mentioned by one of the veterinarians, that since nowadays 

a larger range of safer drugs is available, large carnivore chemical immobilization is (or at 

least should be) equally safe for both the animal and the personnel. Surprisingly, one 

veterinarian even went as far as saying it is probably safer for the animal due to this 

evolution of drugs. The author would question how good a situation is it to conduct large 

carnivore chemical immobilizations if it is less safe for the personnel than it is for the 

animal patient.  

Two to three seem to be the average number of people participating in a chemical 

immobilization situation mentioned by the interviewed veterinarians, but the tasks they 

needed the personnel for somewhat varied depending for example of the size of animal and 

type of manipulation. Generally, in addition to the veterinarian, there was always someone 

for physically helping for example with the manipulating of the animal and someone for 

monitoring the anesthesia and handling possible samples. Some veterinarians also included 

the animal’s keeper to the procedure, but it has to be noted, that no matter how well any 

keeper might “know” the animal, when working with wild carnivores one should always be 

prepared to the unexpected and so being familiar with an animal can only increase the 

safety to an extent. Almost all the veterinarians mentioned experience and training as a 

requirement for a person participating in the operation, strong nerves and knowledge of the 

species were also mentioned. This is supported by Brothers (2010) who reminds, that wild 

animal chemical immobilization is a complex and dangerous procedure and should not be 

attended by unskilled people. Arnemo et al. (2014) note that experienced team is essential 

for a successful chemical immobilization. It was mentioned, though, by many of the 

interviewed veterinarians that the veterinarian is ultimately always responsible for the 

safety of the situation. 

The information collected for this thesis seems to indicate that there is an elusive optimal 

number of staff that is needed to make the chemical immobilization situation safe: less or 

more people than that increases the risks but the closer we can stay to that number the safer 
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it is for personnel. Every task should have a performer and every performer should have a 

task. It is also essential that every member of the personnel knows, what is expected of him 

or her in the situation and possesses the skills and knowledge needed to execute these 

tasks. As few people as possible seemed to be the gold standard: “less people is better than 

more people”, as one vet concluded. According to the collected answers less people was 

deemed safer for the humans but less safe for the animal patient. This would seem logical, 

since less people also means less noise to stir the patient, less people to hinder the 

performance of the operation and less people to potentially get injured and if needed, 

evacuate should the animal awoke. According to the answers, more people is less safe for 

the personnel, but safer for the animal. More people means more focus on monitoring, thus 

making the situation safer for the animal patient as the results indicate, but in the other 

hand more noise and thus possible stimulation for the animal and other distractions. Instead 

of a “maximum” or “minimum”, many aspects affecting carnivore chemical 

immobilization safety indeed seem to rather have an optimal number somewhere in 

between for each individual operation. The number of people conducting the operation 

seems to be one of these.  

The drugs the interviewed veterinarians most commonly used in their work seem to 

correlate to an extent with drugs mentioned in the literature as the most common, effective, 

proven and safe for use in carnivore chemical immobilization in captive conditions. A few 

veterinarians mentioned, however, that their choices of drugs are heavily affected by the 

laws in their country, and therefore the drugs at hand weren’t always the safest for the 

animal patient or indeed for the personnel. For example, in Russia the choices are limited 

by law to xylazine, medetomidine, tiletamine-zolazepam, acepromazine and atipamezole. 

This makes it harder to choose safe drugs, since for example tiletamine-zolazepam 

combination should not be used as a first choice to immobilize tigers if other choices are 

available (Semjonov, Andrianov 2013). α2- agonists like medetomidine and xylazine, in 

the other hand, can indeed compromise the safety of a chemical immobilization for both 

animals and humans, since animals immobilized only by them can arouse as a result of 

strong enough stimuli and the drugs often elicit vasoconstriction and hypertension, that 

makes it hard to trust pulseoxymetry readings (Zoo animals 2010). Caulkett and Shury 

(2014) note, that several human deaths attributed to xylazine exposure have been reported 

and since α2- agonists are often used in high concentrations in wild-life anesthesia, the 

possible accidental human exposure is that much more dangerous. 
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As Fowler (2008b) mentions, though, due to it’s high therapeutic index and a working 

antagonist (atipamezole, used by nine of the twelve interviewed veterinarians opposed to 

other reversal agents), medetomidine is one the safest drugs at use in animal anesthesia 

nowadays, and it was indeed used by every vet that answered the questionnaire. This came 

as no surprise, since medetomidine is evaluated comprehensively for many species 

(Lamont, Grimm 2014; Fowler 2008b). It would seem logical, that all the veterinarians that 

used medetomidine also used atipamezole as reversal and it is probably due to the delivery 

of the question, that some of the veterinarians listed only drug used in the induction of the 

anesthesia. 

Ketamine was the second most used drug (by nine of the twelve interviewed veterinarians). 

This was not very surprising, since ketamine, at least when used on big felines, offers a 

short immobilization, that can be prolonged as needed (Ramsay 2014). Since ketamine 

does not have an antagonist (Fowler 2008b) and to reduce it’s undesirable effects (for 

example tachycardia, increased cardiac output, muscle seizures and hypertension) (Valerio 

et al. 2005) it is most probably used in a combination also by the veterinarians that 

answered the questionnaire. Looking at the numbers on table 4, it would seem probable, 

that it was used with a α2- agonist, like medetomidine and xylazine., since the ketamine-

medetomidine combination is probably the most common drug combination in anesthesia 

of wild carnivores (Veeraselvam et al. 2014).  

The tiletamine-zolazepam combination (Zoletil®) and butorphanol were the third most 

used drugs (both used by eight of the twelve interviewed veterinarians). Though such a big 

percentage of veterinarians used tiletamine-zolazepam combination, it is probably used 

only for certain species. As the literature mentions, although it currently has no antagonist 

and the recoveries may be prolonged, this combination is one possible choice for non-

hibernating bears and combining it with medetomidine helps to reduce recovery times 

(Ahlqvist et al. 2012).  This combination was indeed used with dexmedetomidine to 

immobilize the three young bears in the Alaveski Wildife Park in the spring of 2015. 

Tiletamine-zolazepam should not be used as a first choice and extremely carefully on 

tigers, though (Semjonov, Andrianov 2013). This may also explain why this combination 

was not used by more veterinarians: many of the zoos and wildlife parks had relatively 

more feline species than others, and tigers are quite a typical wild feline species in 

captivity. It would also seem logical, that the two drugs so popular in companion animal 
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medicine (medetomidine and butorphanol) are also so commonly used by wild life 

veterinarians. Couple of veterinarians also mentioned using isoflurane and sevoflurane.  

Unexpectedly, not even half of the interviewed veterinarians (five out of 12) confessed to 

using additional oxygen in every operation. It was quite surprising how the answers varied, 

since using supplemental oxygen is strongly recommended and indeed aparature options 

even for the more challenging terrains are nowadays at hand. Fahlman (2014) states that 

supplemental oxygen should always be used for anesthetized animals since hypoxemia 

during anesthesia can easily result in patient deaths even after an otherwise uneventful 

anesthesia: oxygen therapy is an easy and cheap way to avoid hypoxemia (Arnemo et 

al.2014).  Furthermore, hyperthermic animals benefit greatly from additional oxygen 

(Fowler 2008f). The author would have expected that most of the veterinarians would have 

always used oxygen in their operations because of it’s essential role.  Knowing how much 

the work environments of the veterinarians that answered the questionnaire varies it would 

seem probable, that the available aparature also varies thus affecting the usage. Finding out 

why supplemental oxygen is not used more often and in what kind of situations it is 

deemed unnecessary by the veterinarians would make an interesting theme for further 

investigation.  

Almost all of the veterinarians who answered the questionnaire had met some kind of 

sudden awakenings (n = 8), animal deaths (n = 9) or other emergencies during chemical 

immobilizations (n = 9).  Taking to consideration the unpredictable and somewhat fragile 

nature of wild carnivore chemical immobilization and anesthesia, this was not a surprise. 

One vet describes a situation where a polar bear woke during chemical immobilization 

with etorphine, but notes that this, as well as some cases not involving carnivores happened 

in the mid 1990's, when the range of safe drugs was not as wide. Other incidents included 

for example a snow leopard awakening from medetomidine, ketamine and butorphanol 

anesthesia after the isoflurane vaporizer malfunctioned. A major part of sudden 

awakenings described by interviewed veterinarians seem to be connected with the usage of 

ketamine-medetomidine combination.  Especially when immobilizing Amur leopards 

(Panthera pardus orientalis) that often are extremely aggressive if awoken during the 

chemical immobilization, TZM gives a slightly deeper sleep than KM and thus should be 

favored over KM (Semjonov, Andrianov 2013). Different problems with the 

cardiopulmonary system were most frequently named as life-threatening problems the 
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interviewed veterinarians have encountered during anesthesia: these included apnoe (n = 

5), dyspnoe (n = 2), hypoxia (n = 1), bradycardia (n = 2) and cardiac arrest (n = 1). At this 

point it should be noted, that because of the formulation of the question in the 

questionnaire, all of the veterinarians did not describe the emergencies with this much 

detail. More than one veterinarian also notes, though, that these emergencies could 

probably have been directly connected with the animal’s poor health condition or a hidden 

disease at that time. The usage of a less than optimal drug for a species in question was 

also mentioned as a causative factor for different complications. Since most of the more 

used drugs in this thesis can cause depression of respiration, apnea, bradycardia and some 

even cardiac arrest, the result was pending even for normal healthy animals, not to mention 

those with compromised health status. The results seem to correlate well with the aspects 

mentioned in literature: Fahlman (2014) for example depicts hypoxemia as a very common 

complication of wildlife anesthesia. When talking about animal deaths during chemical 

immobilization and anesthesia, the causes varied between the animal’s poor health prior to 

the operation, congenital problems, long time stress prior to operation and drug-related 

problems (incorrect dose, lack of a safe drug because of legislation, suboptimal drug for 

the species). Animal mortalities related to chemical immobilization operations can be 

caused directly (for example respiratory depression caused by the immobilization drug) or 

indirectly (for example drowning during recovery) (Arnemo et al. 2014). 

The final question in the questionnaire was meant to sum up the safety aspects of a large 

carnivore chemical immobilization operation. The veterinarians were not as unanimous in 

their opinions on which aspects most affect human safety as they were regarding 

parameters most affecting animal safety. The author of this thesis would have expected less 

variation, but also recognizes that the number of veterinarians was still quite low for any 

statistical trend to emerge. It seemed logical, that experience and training of the personnel, 

correct drug doses and monitoring during anesthesia would be the aspects most affecting 

the safety of the animal. All these three options got ten or eleven hits out of twelve. In 

some way the results highlight how much the chemically immobilized animal is at our 

mercy.  

Experience and training as well as communication between members of the personnel are 

the two things most affecting the human safety during chemical immobilization operations. 

Half of the veterinarians also chose correct dosing of drugs and optimal number of people. 
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This would seem to indicate that the optimal number of people is more essential for the 

safety of humans than for that of the animal patient. Surprisingly, though, the results also 

seem to also indicate that the optimal duration of the anesthesia is more important to the 

human safety than to the safety of the animal patient. Nevertheless, the difference (one 

veterinarian) would lead to think this result to be quite insignificant. What surprised the 

author was that thought the veterinarians gave a great importance to the optimal number of 

people participating in the operation, not one veterinarian chose it as one of the three most 

important safety aspects affecting animal safety. If the veterinarians would have been 

asked to choose more than three options, the optimal number of people would probably 

have had more hits, seeing how much it ultimately affects the safety of both people and 

animal patients. Also, granted they probably won’t affect safety as much as other choices, 

but it seemed odd to the author that the environment, where the operation is performed got 

no hits on either animal or personnel safety. 

When assessing the safety of the chemical immobilization conducted in Alaveski Wildlife 

Park in connection with this thesis, preventive measures had an important role. The 

operation was carefully planned, the interaction between the members of the personnel was 

such, that everyone knew what was expected of them and how to accomplish it and most of 

the members of the personnel had previous experience of this field. As the collected data 

indicated, personnel experience and communication between people is of critical 

importance. Also, the depth of the anesthesia was constantly monitored for example by 

checking the eye reflexes and heart rate during the operation and every possible safety 

measure was met while conducting it. When entering the enclosure after the 

immobilization of the animals was visually evident, we took conscious notice of the 

enclosure door: it should be open and the pathway clear (Arnemo et al. 2014), for if some 

of the animals should suddenly waken, the person conducting the manipulations has to 

have a clear escape route and use it immediately. It is truly necessary to always be aware 

where the door and the sedated animals are in relation to the conductor of the 

immobilization. It is also not advisable to leave a sedated animal between yourself and the 

door. Before getting close to the animals, the animals should be stimulated some way 

(shouting, clapping, poking) to make sure they are fully sedated before getting close to 

them. Arnemo et al. (2014) suggests using a pole or a stick. In this particular case, a metal 

pole was used to poke the bears to make sure they would not react to stimuli. The first 

thing that was done after entering the enclosure was checking the depth of anesthesia, 



  46 
 

placing animals in right position, blindfolding them. The darts need to be removed and dart 

wounds treated with antibiotic spray. When removing (or loading) the darts, one should 

always wear some kind of glasses to protect one’s eyes (Caulkett, Shury, 2014; Brothers 

2010) and also keep one’s mouth shut, so that if any left-over drugs are sprayed out while 

removing the dart they don’t end up harming the human conducting the anesthesia. The 

author was wearing sunglasses, but glasses that protect the eyes also from the sides would 

have been a better choice. An important safety point during the whole procedure was that 

the pack containing anesthetic drugs, antidotes and syringes always moved with the vet so 

that, in case of an emergency, everything is near and ready to use. Also, before 

administering the reversal agents in the bigger enclosure, it was made sure, that everything 

was already packed and ready to go. At this point it is important again to make a mental 

note about the door’s location and when the reversal agent is administered, head directly at 

the door and close it immediately. When considering animal safety in this particular 

operation, the recovery was most probably one of the more dangerous times. Both in the 

smaller enclosure and the larger one where the bears were relocated had water in them, 

which presents a danger of drowning for the bears should they wonder into the water when 

they’re still only partially sedated yet still able to move. This danger was acknowledged 

and the animals were monitored closely till they are fully awake, as Arnemo et al. (2014) 

recommends.  
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6. CONCLUSIONS 

 

From the results collected in making this thesis we can conclude, that 

 medetomidine (used by every interviewed veterinarian), ketamine (used by nine out 

of twelve veterinarians), tiletamine-zolazepam combination (used by eight out of 

twelve veterinarians) and butorphanol (used by eight out of twelve veterinarians) 

are the anesthetic drugs most commonly used by veterinarians that answered the 

questionnaire for immobilization of wild carnivores, atipamezole being the most 

used reversal agent (used by nine out of twelve veterinarians); 

 eight out of eleven veterinarians working with wild carnivores have encountered 

sudden awakenings, nine out of eleven have encountered animal deaths, nine out of 

eleven have encountered other kind of emergencies and four out of eleven have 

encountered personnel injuries in their work while conducting large carnivore 

chemical immobilizations in captivity; 

 according to veterinarians that answered the questionnaire, aspects most affecting  

the safety of animal patient during a large carnivore chemical immobilization in 

captivity are experience and training of the personnel, correct dosing of drugs (both 

chosen by eleven out of twelve interviewed veterinarians) and correct monitoring 

of patient physiological condition during anesthesia (ten out of twelve interviewed 

veterinarians); 

 according to veterinarians that answered the questionnaire, aspects most affecting  

the safety of personnel during a large carnivore chemical immobilization in 

captivity  are experience and training of the personnel (eleven out of twelve 

interviewed veterinarians) and communication between the members of the 

personnel during the procedure (nine out of twelve interviewed veterinarians) as 

well as correct dosing of drugs and number of people involved being optimal (both 

chosen by six of the twelve veterinarians); 

 the aspects most affecting the safety of one actual case of large carnivore chemical 

immobilization in captivity in Alaveski Wildlife Park were the rigorous planning of 
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procedure, clear explanations for every person of staff and preventive measures 

before the operation aimed to minimize every possible safety risk as well as safety 

measures during the procedure. 
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SUMMARY 

 

The research objectives of this thesis were to find out which aspects most affect the safety 

of the animal patient and the personnel during a large carnivore chemical immobilization 

in captivity and what percentage of the veterinarians working with wild carnivores have 

encountered sudden awakenings, animal deaths, other emergencies or personnel injuries in 

their work while conducting large carnivore chemical immobilizations in captivity. It also 

aimed to conclude, what drugs veterinarians nowadays find the safest for this purpose and 

finally to use this gathered knowledge to assess the safety of one real life bear 

immobilization. 

Since large wild carnivores are extremely dangerous animals, and then again are more 

prone to stress when interacting with humans than domesticated animals, securing the 

safety of both parties if even more important that when dealing with domestic animals. 

This becomes even clearer when we acknowledge, that even getting close enough to touch 

a wild animal often requires chemical immobilization. Some time ago using dog and cat 

protocols on wild carnivores was necessary, but as veterinary medicine as a science 

evolves, more particular and exact protocols become available for more and more wild 

carnivore species. The hypothesis was, that all the veterinarians have encountered some 

kind of emergencies and close calls in their work and that some kind of consensus could be 

found among the veterinarians, which are the most important safety aspects affecting the 

safety of wild carnivore chemical immobilization situation in captivity. This theory was 

put to test by asking mainly European zoo and wildlife park vet to fill in a questionnaire 

about their daily work in the field of wild carnivore chemical immobilization and 

compiling the data to an analyzable material. The gathering of the data was done by 

interviewing zoo and wildlife park veterinarians via email. 

It was found, that according the interviewed veterinarians aspects most affecting the safety 

of animal patient during a large carnivore chemical immobilization in captivity are 

experience and training of the personnel, correct dosing of drugs and correct monitoring of 
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patient physiological condition during anesthesia. The corresponding parameters for safety 

of the personnel were their experience and training, communication between them during 

the procedure as well as correct dosing of drugs and optimal number of personnel being 

involved.  

Eight out of eleven veterinarians had encountered sudden awakenings, nine out of eleven 

animal deaths, nine out of eleven other kind of emergencies and four out of eleven have 

encountered personnel injuries. Medetomidine was used by all of the veterinarians, 

ketamine was by nine out of twelve veterinarians, tiletamine-zolazepam combination and 

butorphanol both by eight out of twelve veterinarians. Atipamezole was the most popular 

reversal agent (used by nine of the twelve veterinarians). The aspects most affecting the 

safety of the one actual case of bear chemical immobilization in captivity were the applied 

preventive measures, like planning the procedure and interaction between the members of 

the personnel beforehand, as well as strictly followed safety measures, for example 

protective wear of the personnel and blindfolding the animal after making sure it was 

adequately sedated. 

Based on these results, it could be argued, that large carnivore chemical immobilization in 

captivity, is nowadays safer for the personnel than for the animal patient (as it should be) 

but that the available means of securing the safety of the animal are also manifold. One 

important safety issue is the species-related unsuitability of certain drugs. This becomes a 

problem, if the legislation of a country does not allow the use of safe drugs for every 

species. Of course it should be noted that the material is gathered mainly in Europe and the 

sampling is quite small, so conclusions based on this thesis only are to be made extremely 

carefully. 

The results of this thesis could be used to steer the focus of professionals working in this 

field to what seem to most affect the safety of large carnivore chemical immobilization 

operations in captivity and further evaluate how these safety aspects could be manipulated 

to make these operations safer. To get more reliable data, this kind of study should be 

performed with a larger amount of answers preferably from many different countries. The 

theme could be continued for example by focusing on each parameter and how it is 

affecting safety individually. 
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INIMESTE JA LOOMADE TURVALISUS 

TEHISTINGIMUSTES PEETAVATE SUURTE 

KISKJALISTE KEEMILISEL IMMOBILISEERIMISEL  

Resümee 
 

Käesoleva uurimistöö eesmärgiks on leida peamised inimeste ja loomade turvalisust 

mõjutavad tegurid anesteesiat teostades suurtele kiskjalistele vangistuses, seejärel leida 

milline protsent loomaarstidest on kokkupuutunud ootamatute ärkamiste, loomade surma 

ning teiste hädaolukordadega ning personali vigastustega operatsioonide jooksul. Töö 

eesmärgiks oli veel leida milliseid ravimeid loomaarstid praegu peavad turvalisteks ning 

lõpuks kasutada kogutud infot hinnates ühe reaalse immobilisatsiooni juhtumi turvalisust.  

Kuna suured metsikud kiskjad on äärmiselt ohtlikud loomad ning ka suheldes inimestega 

altimad stressile kui koduloomad, on ohutuse tagamine mõlematele veelgi olulisem, 

võrreldes koduloomadega. See muutub veelgi olulisemaks, kui mõista, et metsikule 

loomale lähenemiseks ning tema puudutamiseks on sageli vaja keemilistimmobilisatsiooni. 

Mõni aeg tagasi kasutati koera ja kassi protokolle ka metsikute karnivooride jaoks, kuid 

veterinaaria kui teadus areneb ja täpsemad protokollid muutuvad kättesaadavaks 

mitmesuguste metsloomade liikide jaoks. 

Hüpotees oli, et kõik loomaarstid on kokkupuutunud mingisuguste hädaolukordadega ning 

et on leida ka vastanud loomaarstide vahel mingisugune konsensus selle kohta, millised 

aspektid mõjutavad kõige enam vangistuses tehtud keemilise immobilisatsiooni üldist 

turvalisust. Eelmainitut tehti intervjueerides 12 suurte kiskalistega töötavat peamiselt 

Euroopa zoo- ja loomapargi loomaarsti elektronpostiga saadetud küsimustikuga. 

Uurimistöö tulemusena selgus, et loomade turvalisus suurte kiskjaliste keemilise 

immolisatsiooni käigus on tingitud personali kogemusest ja koolitusest, õigetest ravimi 

doosidest ning korralikust patsiendi füsioloogilise seisundi monitooringust anesteesia ajal. 

Inimeste turvalisus on mõjutatud personali kogemusest ja koolitusest, personali 

omavahelisest kommunikatsioonist operatsiooni käigus ning õigetest ravimi doosidest. 
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Kaheksa üheteistkümnest loomaarstist on kokkupuutunud ootamatud ärkamiste, üheksa 

loomade suremuse ja üheksa teiste hädaolukordadega ning neli üheteistkümnest 

loomaarstist on kokku puutunud personali vigastustega. Kõige rohkem on kasutusel 

loomade anesteesias medetomidiin (kõik loomaarstid kasutasid seda), ketamiin (üheksa 

kaheteistkümnest loomaarstist) ning  tiletamine-zolazepam kombinatsioon ja butorfanool 

(mõlemaid kasutas  kaheksa kaheteistkümnest  loomaarstist). Atipamesool oli kõige 

populaarsem  antagonist  (üheksa kaheteistkümnest loomaarstidest kasutas).   

Turvalisuse aspektid, mis kõige enam mõjutasid Alaveski Loomaparkis teostatud karude 

relokatsiooni 2015 kevadel, olid lõputöö juhendaja koolitus ja kogemused ning minevikus 

koostöö pargi omanikuga, puurisse sisenemisel kasutusel olnud ohutuse meetmed  (looma 

stimuleerimine enne temale lähenemist, silmade peitmine) ning see, et inimeste turvalisus 

oli kindlaks tehtud enne loomade oma peale mõtlemist.  

Põhinedes saadud tulemustele, võiks väita, et suurte kiskjaliste keemiline immobilisatsioon 

vangistuses on tänapäeval turvalisem inimestele kui loomadele, aga et on olemas ka palju 

vahendeid ja meetmeid millega vähendada riske looma tervisele. Inimeste vigastused 

tuntuvad, et on haruldased ja näiliselt kerged (peamiselt hammustushaavad). Üks ohutuse 

küsimus on teatud liikide ülitundlikkus mõnele ravimile. See muutub probleemiks siis, kui 

õigusaktidest tingitult riik ei võimalda kasutada ohutuid ravimeid. Igapäevases kasutuses 

olevad ravimid on põhmõtteliselt samad, mida kasutatakse lemmikloomade meditsiinis. 

Muidugi tuleb märkida, et see materjal on koostatud põhiliselt Euroopast ja vastuste hulk 

on üsna väike, nii et suuremaid järeldusi sellele lõputööle põhinevalt väga teha ei saa. 

Selle lõputöö tulemusi võiks kasutada, et juhtida oma ala professionaalide tähelepanu 

sellele, mis kõige rohkem mõjutab ohutust suurte karnivooride immobilisatsiooni 

operatsioonidel vangistuses ja hinnata, kuidas neid ohutuse aspekte saaks muuta, et teha 

neid operatsioone tulevikus ohutumaks. Suurema koguse usaldusväärsete andmete 

saamiseks peaks uuringut teostama mitmetes riikides. Teemat võiks edasi arendada 

fokusseerides tähelepanu erinevatele parameetritele ja kuidas need parameetrid mõjutavad 

ohutust individuaalselt. 
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APPENDIX 1: The questionnaire sent to the veterinarians 

 

1. Your Zoo 

a. Where is Your zoo located (country, city)? 

b. How many species of animals do you have? 

c. What species of large carnivores (canids, felids, bears, etc.) do you have 

in your collection? 

d. How many individuals of large carnivores (canids, felids, bears, etc.) do 

you have in your collection? 

 

2. Health condition of the animal being anesthetized 

a. In your opinion, when is the anesthesia justified (what is the “smallest” 

operation for which You use anesthesia/ local anesthesia does not 

suffice anymore) ? 

b. What kind of aspects considering the animal’s health totally preclude 

anesthesia? 

c. Have you had any case of sudden awakening of anesthetized animal? 

If yes: what animal? What drugs have been used in this time? 

d. Have You had any kind of emergency cases with anesthetized patients? 

 No 

 Yes - What kind of emergensies ? What caused it in Your opinion? 

e. Have You had an animal die during anesthesia in Your zoo? 

 No 

 Yes – What in Your opinion caused it? 

 

3. The length of the anesthesia 

a. How much time do You reserve for the anesthesia of one animal? 

(Premedication, induction and waking up after operation) 
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(Appendix 1 continued) 

b. Is the reserved time normally 

 Too long 

 Too short 

 Adequate 

 

4. Personnel 

a. How many people do You use for one anesthesia? 

b. What are their individual tasks? 

c. How does it affect the safety of the procedure if there are less people? 

 Safer for the personnel 

 Safer for the patient 

 Less safe for the personnel 

 Less safe for the patient 

d. How does it affect the safety of the procedure if there are more people? 

 Safer for the personnel 

 Safer for the patient 

 Less safe for the personnel 

 Less safe for the patient 

e. Do You have some kind of criteria for people who are allowed to 

participate in the anesthetization? 

f. Has anyone of the personnel had any injuries during the anesthetization? 

 No 

 Yes – What kind of injuries? In Your opinion, what may have 

caused the injury?  

 

5. Medication 

a. What kind of drugs do You use on Your carnivores for premedication, 

induction and anesthesia reversal? What doses of those drugs do You 

use? 

b. What kind of parameters do You use to assess the anesthesia depth in 

Your patients? 
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(Appendix 1 continued) 

c. Do you use oxygen as a supplemental drug during anesthesia? 

6. Monitoring of anesthesia 

a. Do you monitor physiological condition of patient during anesthesia? 

b. What devices do you use for monitoring? 

c. What physiological indicators (heart rate, respiratory rate, 

pulseoxymetry, blood gases etc.) do you check during anesthesia? 

 

7. Misc 

a. Would You consider the anesthetization of large carnivores nowadays to 

be more safe for the personnel or for the patient? How would You 

justify this? 

b. What three things of the following would You consider to be the most 

important safety-wise for the patient? 

 Experience and training of the personnel 

 Correct dosing of the drugs 

 Number of people involved being accurate 

 The environment in which the operation is performed 

 Aparature’s condition / Well working aparature 

 Correct monitoring of patient physiological condition during 

anesthesia 

 The adequate duration of the anesthesia 

 Communication between the members of the personnel during the 

procedure 

 Something else, what?   

                           

c. What three things of the following would You consider to be the most 

important safety-wise for the personnel involved in the operation? 

 Experience and training of the personnel 

 Correct dosing of the drugs 

 Number of people involved being accurate 

 The environment in which the operation is performed 

 Aparature’s condition / Well working aparature 
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(Appendix 1 continued)     

 The adequate duration of the anesthesia 

 Communication between the members of the personnel during 

the procedure 

 Something else, what?                                       
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