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I. INTRODUCTION 

 

Immobilisations are commonly performed in antelope species for translocations or 

short, minimally invasive procedures. Quick inductions are important to prevent 

exhaustion, hyperthermia (MEYER et.al. 2008), and trauma in flighty species and 

several combinations of potent opioids and sedatives or tranquilisers have been 

established (MEYER et al. 2008, COOPER et al. 2005, GROBLER et al. 2001, CITINO 

et al. 2001, KOCK and BURROUGHS 2012, DREVEMO and KARSTAD 1974). Potent 

opioids have the advantage of a quick induction but often result in poor respiration and 

muscle rigidity (MEYER et al. 2008/2010, KOCK and BURROUGHS 2012), rendering 

them unsuitable for prolonged procedures. Impala (Aepyceros melampus) appear 

particularly susceptible to an etorphine-induced respiratory depression, which has 

successfully been addressed with administration of the mixed agonist-antagonist 

opioid butorphanol in other species (MILLER et al. 2013, HAW et al. 2014). BUSH et 

al. (2004) achieved good respiration and muscle relaxation with a combination of 

ketamine and relatively high doses of medetomidine in impala, however, levels of 

anaesthesia were insufficient for major manipulations. For longer and invasive 

procedures, such as surgical implantation of transmitters in the field or ceasarean 

sections in captive collections, inhalation anaesthesia is recommended to control 

commonly occurring hypoxaemia and respiratory acidosis and avoid complications like 

aspiration. However, inhalation anaesthesia is not always technically feasible or 

available and intermittent top-up boluses of anaesthetic drugs require intensive 

monitoring and result in inconsistent anaesthetic levels ranging from a too deep level 

of anaesthesia to potential sudden arousals. AUER et al. (2010) evaluated a total 

intravenous anaesthesia (TIVA), constant rate infusion (CRI) in red deer. After 

induction with tiletamine, zolazepam and xylazine, maintenance of anaesthesia was 

achieved by a CRI of midazolam, ketamine and xylazine or detomidine. This TIVA 

protocol provided a good level of surgical anaesthesia for more than 60 minutes. 
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The aim of this study was to establish a safe, reversible and reliable continuous 

intravenous infusion anaesthesia (CII) for impala. The goals were: 1. a quick induction 

to prevent exhaustion and trauma; 2. an intravenous maintenance which allows for a 

flexible control of anaesthetic depth and variable extension of the anaesthesia period; 

3. and a smooth and quick reversal allowing for immediate release of the animals. In 

addition, we wanted to establish an alternative protocol to the common potentiated 

opioids to avoid high costs and exposure risk for humans.  
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II. REVIEW OF LITERATURE 

 

2.1 Impala (Aepyceros melampus) 

 

2.1.1. Taxonomy 

 

Kingdom: Animalia 

Phylum: Chordata 

Class:  Mammalia 

Order:  Artiodactyla 

Family: Bovidae 

Subfamily: Aepycerotinae (GRAY, 1872) 

Genus: Aepyceros  (SUNDEVALL 1847) 

Species: A. melampus (LICHTENSTEIN, 1812) 

Subspecies: A. m. melampus (LICHTENSTEIN, 1812), A. m. petersi (BOCAGE, 1879) 

 

2.1.2. Characteristics 

 

Impala are slender and gracious antelopes with a light brown coat, that show a darker 

saddle on the back. Areas around the muzzle, eyes and inguinal area are white, 

whereas the tips of the ears, forehead, a median stripe on the tail and two lateral stripes 

on each hindleg are black. 

The most demonstrative characteristic of the ram are his contorted horns with a length 

up to 90 cm (SCHUETZE 2002). With a shoulder height up to 0.9 m, rams can reach 

a weight of about 50 kg. Ewes are slightly smaller with a shoulder height of 0.8 m and 

a body mass of about 40 kg (KOCK, BURROUGHS 2012). 

The life span of impala in the wild is 12-15 years, depending on exposure to predators. 

Their sight, hearing and sense of smell is well developed and they can run up to 80 

km/h with leaps of up to 3 m high and 9 m long when confronted with danger 

(SCHUETZE 2002). 
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Impala have metatarsal scent glands, covered with black hair, which are supposed to 

help the animals regrouping after escaping from danger. The animals show so called 

empty kicks while flighting, during which the glands emit scent (KINGDON 2013). 

 

2.1.3. Distribution 

 

Impala occur in the East of the African continent from Kenya to South Africa 

(Aepyceros melampus melampus) and in smaller parts in the West of Africa in Namibia 

and Angola (Aepyceros melampus petersi) (KINGDON 2013).  

Game-farming has expanded the distribution range considerably during the last few 

years (KOCK and BURROUGHS 2012). 

 

2.1.4. Habitat 

 

Impala are water dependent, which means that they do not occur in areas further than 

about 8 km from waterholes. They are a typical ecotone species, so their habitat 

consists of woodland as well as grassland but areas with cover for shade and shelter 

are preferred (KINGDON 2013). 

 

2.1.5. Behaviour 

 

Impala live in herds of 10 – 60 animals, but territories of neighbouring herds do not 

show clear borders. The mean territorial size is 0.8-1.8 km² but increases during the 

dry season (SCHUETZE 2002).  

Herds consist of adult and juvenile ewes with juvenile and non-territorial rams. Adult 

rams live in bachelor herds or claim their own territory, but can also be found with 

breeding herds after the mating season (KOCK and BURROUGHS 2012). 

Impala are reciprocal allogroomers, which means that they groom other members of 

the herd, where they cannot groom themselves with their modified incisors.  

They are often socialised with baboons, wildebeest, giraffe and zebra, which provide 

mutual protection through the vigilance associated with high numbers. The impalas´ 
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excellent behavioural response to predators includes the alarm snort, which brings the 

herd to scatter immediately, so that predators might be confused for a moment. Due 

to their size they are prey to most predators, e.g. lions, leopards, cheetahs, hyenas, 

caracals, jackals, pythons and even baboons (EMMETT and PATRICK 2013). 

 

2.1.6. Diet 

 

Impala are mixed feeders (intermediate browsers and grazers). They mostly graze 

grass in the rainy season and browse leaves, bark, herbs, seedpots, succulents, fruit 

and flowers mainly in the dry season (SCHUETZE 2002). 

 

2.1.7. Reproduction 

 

Mating season lasts from March to May, when adult rams become territorial and hold 

harem herds. They mark their territories with urine, faeces, scent from the metatarsal 

glands and their forehead. Gestation takes 6.5 months and lambs are hidden for 1-2 

days, before they join the herd (KOCK and BURROUGHS 2012). 

Peak of the rut is in May, where all the ewes are mated during a three week period, so 

that most of the lambs will be born in November and December. This fact provides 

protection because there are so many young lambs, that not all of them can be 

captured (EMMETT and PATRICK 2013). 

 

2.1.8. Medical Characteristics 

 

This species is very sensitive to respiratory depression caused by potent opioids such 

as etorphine or thiafentanil. KOCK and BURROUGHS (2012) recommend thiafentanil 

as the drug of choice as it causes  less side effects during immobilisation.  

Butorphanol can be added as a partial antagonist during immobilisation and a higher 

naltrexone dose for full reversal is suggested (KOCK, BURROUGHS 2012).  
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In addition, impala are easily stressed, which can cause hyperthermia with potential 

fatal consequences, so all stressors should be minimised during capture procedures 

(MEYER et al. 2008). 

 

2.2. Anaesthesia 

 

2.2.1. Immobilisation of wild ruminants 

 

a) The perfect immobilising drug 

 

The ideal immobilising drug should be potent due to the fact that the volume of 

the drug being injected is limited to the dart size, should have a large therapeutic 

index, because body masses are usually only estimated from a distance and it 

should result in a quick induction to prevent animals from developing trauma 

while flighting and to ensure quick recovery of animals once they become 

recumbent. Minimal side effects should occur because limited emergency 

equipment is available in zoo and field situations. Therefore, it is also important 

to be able to reverse the immobilising drug and it is the only option, if animals 

have to be released into the wild after immobilisation, because flight from 

predators or fight with contenders demands full alertness. In addition it is 

desirable that the immobilising drug is stable even under extreme conditions 

(heat or cold), it should be soluble and misible with other drugs and should not 

provoke tissue damage at the dart site. In addition human safety and financial 

expenses have to be considered. Currently there are no drugs that fulfill all these 

factors (KOCK, BURROUGHS 2012).  

 

b) Frequently used combinations in wild ruminants 

 

Generally combinations of potent opioids (etorphine, thiafentanil) with 

tranquilisers (azaperone, acepromazine) or sedatives (medetomidine, xylazine, 
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midazolam) are used for immobilisation of ruminants under zoo and field 

conditions. 

Reversal of opioids can be achieved with naltrexone or diprenorphine, but the 

mixed opioid receptor agonist-antagonist diprenorphine is less potent and prone 

to result in renarcotisation due to a quicker half-life so it should only be used in 

situations, where animals can be closely monitored after reversal (KOCK and 

BURROUGHS 2012). The advantages of combining different drugs are their 

synergistic effects, that can decrease dosages and volumes and result in 

shorter induction times and better muscle relaxation in comparison to the use of 

opioids alone (WEST, HEARD, CAULKETT 2007). 

The management of the ruminant during anaesthesia is very important to 

minimise side effects. Environmental conditions should be kept as normal as 

possible to reduce stress and at least concentrated feed should be removed to 

prevent bloating 18-24 hours prior to anaesthesia. Upon recumbency animals 

should be blindfolded and earplugged to reduce external stimuli. They should 

be kept in sternal or right lateral recumbency and the neck should be the highest 

point if animals are not intubated to prevent regurgitation and consequent 

aspiration pneumonia. Intubation is recommended for procedures that are in 

excess of one hour duration or in species that tend to regurgitate. 

Another life threatening complication can be hyperthermia due to exposure to 

excessive stressors, exertion and factors that negatively influence 

thermoregulation. Hyperthermia  can result in capture myopathy, that is often 

fatal (WEST, HEARD, CAULKETT 2007). 

If anaesthesia is not achieved within 15-20 minutes after initial dart 

administration, administration of another dart or full reversal of the animal via 

remote injection should be considered to prevent excessive muscular exertion, 

hyperthermia and potential capture myopathy (WOLFE 2015). 
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c) Most common drug combinations used in impala 

 

KOCK and BURROUGHS (2012) suggest to use a potent opioid in combination 

with a tranquiliser/sedative drug for immobilisation of impala.  

Already in 1974 impala were immobilised with a combination of xylazine, 

etorphine and azaperone (DREVEMO et. al. 1974). 

Today combinations like etorphine + azaperone or medetomidine or 

alternatively thiafentanil + azaperone or medetomidine are commonly used to 

immobilise impala in the field. Frequent side effects include a high rise in body 

temperature and a severe hypoxaemia due to respiratory depression. MEYER 

et al. (2008) found an induction apnoea in 33% of the impala immobilised with 

thiafentanil + azaperone, whereas animals anaesthetised with etorphine and 

azaperone did not show an induction apnoea, but respiratory depression. 

This respiratory depression was treated effectively with metoclopramide or 

buspirone in etorphine-immobilised impala. These drugs did not increase 

ventilation but probably improved the diffusion of oxygen in the lungs (MEYER 

et al. 2010). 

Butorphanol as a mixed opioid-agonist antagonist can improve ventilation in 

opioid-immobilised animals as well, but higher doses can result in partial 

reversal which may result in an insufficient anaesthetic depth (MILLER et al. 

2013, KOCK and BURROUGHS 2012). 

Another combination, that can be used for immobilisation of impala is 

medetomidine and ketamine. Administration of these drugs results in good 

muscle relaxation and stable cardiorespiratory physiological values, but depth 

of anaesthesia is only adequate for non-painful procedures (BUSH et al. 2004). 
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2.2.2. Maintenance of anaesthesia 

 

a) The perfect drug for intravenous maintenance 

 

Drugs used for intravenous maintenance of anaesthesia should have a short 

elimination half-life and should not be converted to active or toxic metabolites, 

that could accumulate, while administered as repeated boluses or constant rate 

infusions (CRI). Hypnosis, analgesia and muscle relaxation are preferable 

characteristics of drugs used for total intravenous anaesthesia (TIVA). 

Importantly, these drugs should cause minimal cardiopulmonary side effects. 

Additionally, drugs should be soluble, compatible with other drugs and non-

irritant. Pharmacokinetics should be considered to ideally achieve a steady-

state. If more than one drug is used,  factors like receptor competition, 

synergism and cardiopulmonary side effects of all drugs (e.g. hypertension or 

hypotension) have to be considered when calculating elimination half-lifes and 

safety.  The infusion rate always has to be adapted to the required anaesthetic 

depth (ROBERTSON 1997). Furthermore, drugs should not be absorbed or 

react with plastics or support bacterial accretion and their use should be cost-

effective. A steady flow, as provided in constant rate infusions, prevents the 

peak and valley effect of bolus drug injections and reduces required drug doses. 

Ideally, inhalant anaesthetics are not necessary if an effective TIVA combination 

is chosen (FONTENOT et al. 2012).  

 

b) TIVA used in domestic animals 

 

 Equines 

 

Partial intravenous anaesthesia (PIVA) is commonly used in horses 

either to support inhalation anaesthesia and decrease volatile 

anaesthetic drugs (KUSHIRO et al. 2004) or as a TIVA in field situations 

(YAMASHITA et al. 2006). There are various protocols, e.g. the "triple-
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drip“, which is a combination of an 2-agonist (xylazine or detomidine) 

with ketamine and guaifenesin. Cardiopulmonary side effects seen with 

the use of this combination include marginal respiratory depression and 

hyperglycaemia (LIN et al. 1993, TAYLOR et al. 1995). But there are also 

combinations like ketamine, romifidine and diazepam, that generate mild 

bradycardia and bradypnoea (ROSSETTI et al. 2008) or midazolam, 

ketamine and medetomidine, that provides a clinically acceptable 

anaesthesia with only mild cardiorespiratory depression (YAMASHITA et 

al. 2006). All these combinations show mild cardiopulmonary side effects 

in horses.  

 

 Ruminants 

 

TIVA in domestic ruminants is limited because not every anaesthetic 

drug is permitted for food producing animals and costs are also an 

important factor in these animals.  

In general fasting the animal 12-18 hours prior to anaesthesia is 

advisable because ruminants are prone to regurgitation, ruminal tympany 

and consequent aspiration. Dorsal recumbency should be avoided 

because of potential bloating of the rumen and following compression of 

the lungs (WHITE and TAYLOR 2000). 

Combinations of ketamine and xylazine or ketamine and midazolam were 

used in spontaneously breathing sheep with minimal cardiorespiratory 

depression but the combination of ketamine and midazolam was 

inadequate for surgical procedures (ÖZKAN et al. 2010). 

The use of the "triple drip“ is described in calves and cattle resulting in 

good induction and maintenance with a high cardiovascular stability 

(KERR et al. 2007; ANIL et al. 2002). 
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c) TIVA used in wild animals 

 

FONTENOT et al. (2012) provided an overview of the use of TIVA in wild 

animals. Protocols range from an opioid-based CRI to different variations of the 

"triple-drip“ and propofol. Buffalo calves were successfully anaesthetised with a 

combination of detomidine, diazepam and ketamine with excellent muscle 

relaxation and minimal cardiovascular side effects (PAWDE et al. 2000).  

QUESADA et al. (2011) used a medetomidine-ketamine-guaifenesin CRI for 

maintenance after induction with thiafentanil, medetomidine and ketamine in a 

giraffe that had to undergo surgery. A smooth induction, stable anaesthesia and 

a rapid recovery were seen in red deer undergoing a TIVA consisting of 

midazolam, ketamine and xylazine or detomidine after induction with tiletamine, 

zolazepam and xylazine (AUER et al. 2012). Although respiratory depression 

was more severe in animals receiving  xylazine, PaO2 was lower with the 

detomidine combination suggesting that intrapulmonary shunting or V/Q 

mismatching was worse when detomidine was used. These authors suggest to 

use medetomidine in future studies to decrease stress and accomplish quicker 

induction and recovery times. In a different study anaesthesia was successfully 

maintained with a TIVA protocol consisting of etorphine, medetomidine and 

ketamine in etorphine and medetomidine immobilised impala. While etorphine 

was titrated downwards over 120 minutes, heart rate, respiratory rate and mean 

arterial blood pressure were clinically acceptable, but hypoxaemia, 

hypercapnia, hyperlactataemia and a progressive respiratory acidosis 

developed over time (ZEILER et al. 2015). Anaesthesia was maintained with a 

CRI of medetomidine and ketamine while propofol was given to effect in impala 

that were immobilised with thiafentanil and medetomidine. Hypoxaemia, 

hypercapnia and acidaemia were the major side effects (BUCK et al. 2016). 
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2.2.3. Drugs used in this study 

 

a) Drugs for immobilisation 

 

 2-agonists 

 

Sedation is induced by a negative feedback mechanism on the release of 

norepinephrine, if 2-agonists bind to presynaptic 2-receptors (central 

sympatholysis), whereas the analgesic effect is based on inhibition of spinal 

nociception (CLARKE et al. 2014, ERHARDT et al. 2004).    

Initially the 2-agonists provoke peripheral vasoconstriction, that causes 

hypertension, bradycardia and in some cases a second degree atrioventricular 

block (CLARKE et al. 2014). This bradycardia should not be addressed with 

anticholinergic drugs, as it is advisable with other sedatives, because 

bradycardia is a cardiac protective reaction to hypertension (WOLFE 2015).  

The following hypotension is caused by central sympatholysis and initial 

hypertension causes a baroreceptor reflex that results in bradycardia, which 

reduces the cardiac output and consequently exacerbates hypotension 

(CLARKE et al. 2014; KOCK and BURROUGHS 2012). 

Other common side effects include an increase in urination, a decrease in 

intestinal motility and hypothermia. Myometrial stimulation is variable within the 

species but the use in early and late pregnancy in ruminants is not advisable. 

Higher doses of these drugs can create hyperglycaemia (CLARKE et al. 2014). 

The 2-agonists can cause pulmonary oedema that can result in fatalities in 

sheep and other small ungulates (KÄSTNER 2006; WHITE, TAYLOR 2000). 

 

 Medetomidine 

Medetomidine is a potent 2-agonist and is much more selective to 2-

adrenoceptors than other 2-agonists like xylazine or detomidine 

(VIRTANEN 1989; WALSH et al. 2002). It can be applied IV, IM, SC or 

via mucous membranes (CLARKE et al. 2014). Pharmacokinetic studies 
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show a distribution half-life of 13.2 minutes and a terminal half-life of 32.7 

minutes after IM administration in sheep, while the peak concentration 

was achieved after 29.2 minutes (KÄSTNER et al. 2003). After IV 

administration an distribution half-life of 4.7 minutes and an elimination 

half-life of 37.9 minutes were reported (MUGE et al. 1996). It is 

metabolised primarily in the liver (SALONEN 1989). Medetomidine is 

suitable to be used in a CRI as a steady state plasma concentration was 

successfully accomplished with an induction dose of 5 µg/kg IV followed 

by 3.5 µg/kg/h for a duration of 120 minutes in horses (BETTSCHART-

WOLFENSBERGER et al. 1999).  

It causes bradycardia and a biphasic blood pressure response with an 

initial peripheral vasoconstriction followed by vasodilatation (BRYANT et 

al. 1998). Medetomidine has a dose-sparing effect on other anaesthetic 

agents. It is commonly combined  with opioids or cyclohexamines for 

anaesthesia and immobilisation (CLARKE et al. 2014). 

The higher selectivity for 2-receptors is responsible for the increased 

but species-specific potency compared to xylazine. In domestic 

ruminants, for example, it has 10 times the potency of xylazine 

(KÄSTNER 2006). Frequent side effects in ruminants are bradycardia 

and hypoxaemia, if oxygen is not supplemented (READ 2003). In 

comparison to other 2-agonists, uterine contractions are significantly 

less observed and it may be used in pregnant animals (JEDRUCH et al. 

1989).  

 

 Cyclohexamines 

 

These drugs are dissociative anaesthetic agents, that produce analgesia, 

anaesthesia and catalepsy, which is described as a deficit of orthostatic reflexes 

with existing consciousness. In addition they can cause non-controllable tonic-

clonic movements. Therefore they are usually combined with other drugs to 

advance muscle relaxation (CLARKE et al. 2014). 
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The cyclohexamines even enhance the opioid receptor sensitivity, decrease 

tolerance to opioids and reduce the trend of a rebound hyperalgesia 

(FONTENOT et al. 2012). 

 

 Ketamine 

Ketamine is a non-competitive NMDA antagonist, that is available in a 

racemic mixture. It can be administered IV, IM, SC, transmucous or 

transdermally, but IM and SC injections might be painful due to the low 

pH of the solution (CLARKE et al. 2014). It is available very quickly after 

IM injection (HANNA et al. 1988) and distribution half-life is described to 

be 5 minutes after IV injection (SELLERS et al. 2010). The terminal  half-

life is about 64 minutes in dogs, while it was found to be about 100 

minutes in cattle (SELLERS et al. 2010). It is converted to the active 

metabolite norketamine in the liver via hydroxylation and conjugation, 

that can cause prolonged recoveries including ataxia. Constant rate 

infusions can be given for maintenance of anaesthesia (e.g. "triple-drip“), 

but ketamine and its metabolites can accumulate over time, which 

restricts infusion time (BETTSCHART-WOLFENSBERGER et al. 1996). 

LANKVELD et al. (2006) administered a ketamine CRI with an infusion 

rate of 1.5 mg/kg/hr to conscious horses, where no accumulation of the 

metabolites was observed. 

Cardiovascular effects are minimal as it prohibits the reuptake of 

norepinephrine and supports the sympathetic nervous system (CLARKE 

et al. 2014). Ketamine is the only drug that does not cause atelectasis in 

anaesthetised animals because it maintains muscle tone (MAGNUSSON 

and SPAHN 2003). Ketamine should always be combined with other 

anaesthetic drugs for surgery because of the lack of musclular relaxation 

and uncontrolable limb movement. Ketamine is usually combined with 

2-agonists or benzodiazepines (CLARKE et al. 2014).  
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 Opioids 

 

Opioids activate specific opioid receptor subtypes namely ,  and  receptors. 

This process is G-protein dependent and causes hyperpolarisation via 

potassium efflux, closing of calcium channels and decreased cAMP production 

(CLARKE et al. 2014). -receptors are found in brain areas that provide 

descending inhibitory control of nociceptive transmission and in the dorsal horn 

of the spinal cord. Binding to -receptors produces the most effective analgesia 

but also most of the unwanted, characteristic side effects of these drugs. 

Activation of -receptors causes a lighter degree of analgesia compared to -

receptors and they induce dysphoria. Dysphoria can be reduced by combining 

opioids with sedatives or 2-agonists (CLARKE et al. 2014). Oral administration 

of opioids results in low bioavailability because of the liver associated first past 

effect (KUKANICH et al. 2005). 

Side effects of opioids are highly variable in different species and with different 

drugs. These side effects include respiratory depression (particularly pure -

agonists), decreased gastrointestinal motility, hyperthermia and rarely 

bradycardia that can be treated with anticholinergic agents. Elimination of the 

cough reflex can result in aspiration (CLARKE et al. 2014).  

Opioids, as a group, are the most commonly used drugs for immobilisation of 

wild animals. Doses differ extremely from species to species, but induction is 

usually achieved in 2-10 minutes in most animals (CITINO et al. 2001; COOPER 

et al. 2005; GROBLER et al. 2001). Characteristic signs, before the animal 

becomes recumbent after darting include a "hackney gait“, a strong tendency to 

move forward (locomotor activity), while the neck is leaned backwards, followed 

by ataxia and loss of coordination (running into objects). The most severe 

adverse effects caused by these opioids are respiratory depression, muscular 

tremors and hyperthermia with potential subsequent development of capture 

myopathy, especially in very excited animals (KOCK, BURROUGHS 2012). 
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 Butorphanol 

Butorphanol is a synthetically manufactured opioid agonist-antagonist 

with agonist activity for  receptors and antagonist activity  at  receptors. 

It is 4-7 times more potent than morphine (CLARKE et al. 2014). Minor 

cardiopulmonary adverse side effects (compared to other opioids) and a 

high therapeutic index make it a valuable drug for wild animal 

immobilisation. Butorphanol is often combined with 2-agonists, other 

opioids, cyclohexamines and tranquilisers to utilise synergistic effects 

and to reduce the dose of each drug (BUSH et al. 2012). Time to onset 

is about 5-15 minutes and duration of action is dose-dependant 

(CLARKE et al. 2014). Terminal half-life was described as 2 hours after 

IV administration of 0.05 mg/kg in foals (ARGUEDAS et al. 2008). 

Butorphanol can also be used for standing sedation or „walking“ of some 

species (rhinoceros, buffalo) (KOCK, BURROUGHS 2012).  

 

 Etorphine 

Etorphine has 1000-8000 times the analgesic potency of morphine and 

is a very dangerous drug to handle (BLANE et al. 1967). Death in humans 

can occur, if an adult man is exposed to only 20 g etorphine (KREEGER 

et al. 1996). 

It is long-acting and recovery can be prolonged due to enterohepatic 

recycling. Potentially fatal respiratory depression or induction apnoea are 

common adverse effects requiring careful monitoring (MEYER et al. 

2008). Hyperthermia is commonly seen with its use in many animals 

possibly because of excitement before and muscular tremors after 

recumbency (CLARKE et al. 2014). An increase in physiological dead 

space ventilation is seen if etorphine is used (BUSS and MELTZER 

2001). Reversal can be achieved with the specifically manufactured 

mixed agonist-antagonist diprenorphine, but renarcotisation may occur. 

If animals have to be released into the wild after immobilisation, it is 
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suggested to rather use the pure agonist naltrexone for reversal 

(CLARKE et al. 2014).  

KOCK and BURROUGHS (2012) describe etorphine as the most 

frequently used drug for wild hoofstock immobilisation. The dose varies 

from species to species so that dosage charts are usually given in 

mg/animal instead of mg/kg.  

 

 Handling of etorphine and other potent opioids: 

Knowledge about opioid mode of action, the adverse effects and special 

care are of paramount importance when handling potent opioids.  

Handlers should be trained in the use of these drugs and should follow 

safety precautions. Drugs should only be handled if a second person is 

present and the staff should be educated about safety precautions and 

basic first aid techniques including cardiopulmonary resuscitation (KOCK 

and BURROUGHS 2012). 

If a person is accidentally exposed to potent opioids, the patient needs 

immediate emergency medical treatment, exposed areas must be 

flushed with water or saline, and naloxone should be administered until 

the patient is conscious or transfer to an intensive care unit is available. 

Naloxone, which has a shorter duration of effect than potent opioids,  

must be repeatedly administered according to the clinical symptoms 

(CLARKE et al. 2014).  

Typical symptoms of opioid intoxication are dizziness, incoordination, 

nausea, respiratory depression or apnoea, loss of consciousness and 

finally heart failure if not treated early enough (KOCK AND 

BURROUGHS 2012). 

 

 Benzodiazepines 

 

This group of sedatives contains different drugs, that vary in bioavailability, route 

of administration and duration of action (CLARKE et al. 2014). Benzodiazepines 
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are selective for GABA A receptors in the CNS. They generate anxiolysis, 

sedation and hypnosis, have anticonvulsant effects, cause muscle relaxation 

and anterograde amnesia (OLKKOLA and AHONEN 2008). Sedation is caused 

by depression of the limbic system, whereas muscle relaxation is produced by 

repression of the internucial neurons at the spinal chord. Effects can be 

antagonised with competitive antagonists like flumazenil (CLARKE et al. 2014).  

They are metabolised in the liver, but their action can be prolonged by active 

metabolites. Benzodiazepines result in only light cardiovascular and respiratory 

depression, which makes them valuable to combine with other anaesthetics or 

sedatives, especially cyclohexamines, to reduce the convulsant and 

hallucinatory effects of these agents (CLARKE et al. 2014).  

 

 Midazolam 

Midazolam is a water soluble benzodiazepine, that can be admininistered 

IV and (in comparison to other compounds) IM or SC, which makes it 

valuable for remote wild animal immobilisation. The half-life of distribution 

was found to be 19 and 41 minutes afer IV and IM injection in alpacas 

(AARNES et al. 2013). Its elimination half-life is described as 77 and 98 

minutes after IV injection in alpacas and dogs and 234 minutes after IM 

injection in alpacas (0.5 mg/kg; AARNES et al. 2013; HALL et al. 1988). 

An accumulation of midazolam or its metabolites only seems to play a 

role in patients suffering from kidney or liver disease (BAUER et al. 1995; 

BYRNE et al. 1984). It is mostly combined with opioids or 

cyclohexamines for deep hypnosis (CLARKE et al. 2014). Midazolam is 

also added to the benzodiazepine triple-drip, that is described as a safe 

combination for TIVA in horses (HUBBELL et al. 2012; YAMASHITA et 

al. 2006). 
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b) Drugs for maintenance of anaesthesia 

 

According to the study by AUER et al. (2010)  the 2-agonist medetomidine, the 

cyclohexamine ketamine and the benzodiazepine midazolam were used for 

intravenous maintenance. See description of these drugs above. 

 

c) Drugs for reversal of immobilisation and anaesthesia 

 

 2-antagonists 

 

Reversibility of anaesthetic drugs is important in case of adverse effects or if 

wild animals have to be released into the wild. A specific antagonist to 2-

agonists, atipamezole, is available. If 2-antagonists are given IV caution is 

required as these drugs may cause cardiovascular side effects (hypotension) 

and an excessive CNS stimulation. In addition, consideration is required when 

non-reversible drugs are used in the anaesthetic or immobilising combination  

to avoid manifestation of their side effects when the sedative and relaxing 

properties of 2-agonists are reversed (KOCK and BURROUGHS 2012). 2-

antagonists also reverse analgesia provided by 2-agonists and resedation 

may occur due to quick metabolisation of the antagonist in some species. This 

is particularly important in wild animal anaesthesia, where animals are not 

avilable for post-anaesthetic monitoring (CLARKE et al. 2014).  

 

 Atipamezole 

Atipamezole has been developed as a specific antagonist to 

medetomidine and dexmedetomidine, but also reverses other 2-

agonists (CLARKE et al. 2014). VAINIO and VAHE-VAHE (1989) 

suggest to use atipamezole at a ratio of 5:1 per mg of medetomidine to 

achieve full reversal of the 2-agonist effects in dogs. Resedation was 

seen in impala receiving atipamezole at 2:1 ratio of medetomidine (BUSH 

et al. 2004). Excitement may occur after IV injection (KOCK and 
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BURROUGHS 2012). Respiration rate increases after administration of 

atipamezole, but PaO2 has being shown to be lower than baseline values 

after its use (CLARKE et al. 2014).  

 

 Opioid antagonists 

 

These drugs are derivates of morphine with a similar affinity to opioid receptors 

and compete with the opioid agonists at the opioid receptor, but do not exert an 

effect. To reverse effects of the opioid agonist, antagonists have to have a 

greater affinity to opioid receptors or higher doses of these drugs have to be 

administered (KOCK and BURROUGHS 2012). Opioid antagonists are divided 

in mixed agonist- antagonists  and pure antagonists. Naloxone is a pure opioid 

antagonist that is licenced for human opioid intoxication. Naltrexone shows a 

considerably longer half-life and stronger effect and is ideally used for reversal 

of potent opioids, however, it is not licenced in many countries (CLARKE et al. 

2014; KOCK and BURROUGHS 2012).  

 

 Naltrexone 

Naltrexone is a pure, long acting opioid antagonist and should be used if 

full antagonism of opioid effects are required (severe cardiopulmonary 

side effects, immediate release into the wild). It is used at a ratio of 20:1 

per mg of etorphine (KOCK and BURROUGHS 2012) to antagonise the 

immobilising effects of etorphine. 

 

d) Drugs for emergency interventions during immobilisation and anaesthesia 

 

 Butorphanol 

 

Butorphanol has recently been detected to partially antagonise the respiratory 

depressive effects of the more potent opioids used in wild animal immobilisation 

(BUCK et al. 2016; MILLER et al. 2013; HAW et al. 2014).  



 

21 
 

 Adrenaline 

 

Adrenaline is a sympathomimetic drug (catecholamine) that interacts with  and 

 adrenoreceptors. If lower doses are used (<1 µg/kg) it is more selective for 2 

receptors, whereas the  effects prevail if higher doses are chosen (1-3 µg/kg). 

It is used in life-threatening situations such as anaphylactic shock, cardiac arrest 

or bradycardic arrythmias to provide cardiac stimulation (FREY and LÖSCHER 

2010). Adrenaline is used in case of cardiac arrest at a dose of 0.01 mg/kg IV 

or as a constant rate infusion with a fluid rate of 0.05-5 g/kg/min in case of 

hypotension caused by vasodilatation (CLARKE et al. 2014).  

 

 Atropine 

 

Atropine is a parasympatholytic drug used for anaesthetic premedication or in 

case of bradycardic arrythmias (FREY and LÖSCHER 2010). It is used at a 

dose of 0.04 mg/kg IV in cases of bradycardia, 3rd degree AV block or 

bronchoconstriction (CLARKE et al. 2014).  

 

 Doxapram 

 

Doxapram has a stimulating effect on the CNS and chemoreceptors of the 

carotid bodies and is used to correct hypoventilation due to anaesthetic drugs 

or apnoea in infants (CLARKE et al. 2014). It increases the respiratory rate and 

tidal volume but it does not necessarily improve oxygenation because the 

increased workload related to enhanced breathing and CNS stimulation causes 

a generalised increase in oxygen consumption and consecutively increased 

carbon-dioxide production (FREY and LÖSCHER 2010). MEYER et al. (2010) 

demonstrated this effect in impala, where minute ventilation increased but 

PaCO2 did not decrease after using doxapram.  
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2.3. Adverse effects associated with anaesthesia  

 

a) Apnoea and hypoventilation 

 

Temporary apnoea is a common finding after induction with some anaesthetic 

agents. If anaesthetic drugs are overdosed it can provoke long-term apnoea or 

an extraordinary respiratory pattern called Cheyne-Stokes, where breathing 

initially increases in depth and then decreases. This pattern indicates  

insufficient oxygenation of the respiratory centre (CLARKE et al. 2014).  

Ketamine can cause an apneustic respiration after IV administration 

(POKORSKI et al. 1987) and even apnoea (BERGMAN 1999). 

Arterial tension of carbon-dioxide (PaCO2) is usually higher than PECO2 (end-

tidal carbon-dioxide tension; by 1-35 mmHg) due to ventilation-perfusion-

mismatching (VQ-mismatch) and, or intrapulmonary shunting. PECO2 values 

above 50 mmHg usually indicates an increased PaCO2 and hypoventilation. If 

PECO2 exceeds 60 mmHg, its cause must be identified and should be 

addressed with intermittent positive pressure ventilation (IPPV) as this indicates 

severe hypoventilation (CLARKE et al. 2014).  

 

b) Hypoxaemia 

 

An oxygen saturation (SpO2) <90 % or an arterial oxygen tension (PaO2)  <60 

mmHg are specified as hypoxaemia. Signs of hypoxaemia include cyanosis, 

tachypnoea and initial tachycardia that is followed by bradycardia and 

hypotension. There are several causes of hypoxaemia like drug-induced 

respiratory depression caused by too rapid administration, high sensitivity to or 

overdose of anaesthetic drugs. Problems during oxygen supplementation, 

inadequate body positioning, bloat in ruminants, cardiac or respiratory 

insufficiency or endotoxaemia may also be causes. Hypoxaemia is not only 

caused by hypoventilation but by right-to-left shunting, ventilation/perfusion 

mismatch, diffusion impairment (CLARKE et al. 2014). High oxygen 
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concentrations can induce absorption atelectasis and increase alveolar dead 

space (MAGNUSSON, SPAHN 2001; YAMAUCHI et al. 2011). Shunt fraction 

is minimal between FiO2 (fraction of inspired oxygen) of 0.4-0.6, so this 

concentration of oxygen should be considered if oxygen is supplemented during 

general anaesthesia (ARAOS et al. 2011).  

The ratio between the arterial tension of oxygen to the fraction of inspired 

oxygen (PaO2:FiO2) is used as an indicator of hypoxaemia in patients that suffer 

from lung injury (ALLARDET-SERVENT et al. 2009). It should be >300 

(FANELLI et al. 2013). 

 

c) Hypercapnia 

 

Arterial carbon-dioxide values (PaCO2) >55 mmHg are described as 

hypercapnia. It is caused mainly by hypoventilation and is a common finding 

under general anaesthesia. Depending on the degree of hypercapnia 

tachycardia and hypertension or hypotension are seen. PaCO2 values are 

corrected by increasing minute ventilation via reducing the depth of anaesthesia 

or using IPPV (CLARKE et al. 2014).  

PECO2 usually gives a very good idea of PaCO2, but difference between both 

parameters (PaCO2 and PECO2) can be high. This gap increases due to alveolar 

dead space ventilation or right to left shunting during anaesthesia. The 

difference between these values should normally be <15 mmHg (YAMAUCHI et 

al. 2011). 

 

d) Respiratory acidosis 

 

Normal pH values range from 7.40-7.48 in  domestic ruminant species. A pH 

<7.35 is defined as acidaemia. Concurrent hypercapnia in conjunction with 

hypoventilation defines respiratory acidosis. High PECO2 values usually 

indicates respiratory acidosis (CLARKE et al. 2014). 
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e) Bradycardia 

 

There are multiple reasons for bradycardia like hypothermia, severe 

hypercapnia or high doses of anaesthetic drugs. Bradycardia is a common 

finding if 2-agonists are used, because initial hypertension causes a 

baroreceptor reflex followed by sympatholysis. If parasympatholytic drugs are 

used to protect animals from bradycardia, it causes tachycardia and 

hypertension is exacerbated. Therefore anticholinergic drugs should only be 

used in emergency situations in animals receiving 2-agonists. In addition 

bradycardia might be seen in animals receiving opioids, especially if pure µ 

agonists are used (CLARKE et al. 2014). In contrast animals that are 

immobilised with potent opioids often develop tachycardia due to a 

sympathomimetic effect of these drugs (KOCK and BURROUGHS 2012).  

 

f) Cardiac arrest 

 

Cardiac arrest is a consequence of multifactorial and cumulative effects of 

anaesthetic drugs under general anaesthesia such as cardiac arrhythmia, 

hypoxaemia, hypotension, hypoventilation, hypovolaemia, electrolyte 

imbalances, cardiac arrhythmias and predisposing disease. In the majority of 

cases cardiac arrest is seen after induction of anaesthesia, during intubation or 

extubation, if body position is changed or during transport (CLARKE et al. 2014). 

Severe cardiovascular adverse effects or even life-threatening situations are not 

uncommon when wild animals are immobilised with potent opioids, and some 

species are predisposed to developing these (KOCK and BURROUGHS 2012; 

PEARCE and KOCK 1989). 

 

g) Hypertension and hypotension 

 

General reference values in domesticated animals that are not anaesthetised 

are for systolic blood pressure (SABP): 125-160 mmHg, mean arterial blood 
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pressure (MABP):  90-110 mmHg and diastolic blood pressure (DABP):  75-95 

mmHg, but it is highly species-specific and mass-dependant. Mostly arterial 

blood pressure is decreased during general anaesthesia when 2-agonists or 

cyclohexamines are included in the anaesthetic combination. A MABP < 65 

mmHg is described as hypotension. It can be treated by reduction of anaesthetic 

depth, intravenous infusion or administration of vasoconstructive drugs like 

sympathomimetics (CLARKE et al. 2014).  

Different anaesthetics can either cause hypertension or hypotension. The 2-

agonists cause peripheral vasoconstriction with consecutive hypertension 

initially, before a reflex bradycardia causes a reduced cardiac output and 

hypotension and the sympatholytic effects of the 2-agonists cause peripheral 

vasodilatation. Dissociative agents cause an increase of blood pressure by 

sympathetic stimulation while potent opioids can even cause hypertension in 

some species (CLARKE et al. 2014; KOCK, BURROUGHS 2012).  

 

h) Hyperglycaemia 

 

Hyperglycaemia is caused by 2-agonists due to their inhibitory effects on 

insulin secretion from pancreatic  cells, which provokes a decrease of glucose 

transport into the cells (JANOVSKY et al. 2000). Glucose levels return to 

baseline values about 12 hours after administration of atipamezole (ARNEMO 

et al. 1999; RANHEIM et al. 2000). Capture stress can also generate 

hyperglycaemia (WHITLOCK et al. 1972). 

 

i)  Hyperthermia 

 

Hyperthermia is one of the big concerns in wild animal medicine (KOCK and 

BURROUGHS 2012). Impala show a nychthemeral rhythm of their body 

temperature ranging from 38.0 to 39.5 °C (MEYER et al. 2008). 
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j) Bloat 

 

Bloat may occur in ruminants under general anaesthesia if they are not able to 

eructate the gases that are produced by microorganisms in the rumen. Bloat 

can be caused by abnormal body positioning (lateral recumbency) or by the 

anaesthetic drugs themselves that impede the eructation reflex. Anaesthetised 

ruminants should be positioned in sternal recumbency with the neck as the 

highest point. If severe bloat is seen, the rumen has to be deflated by a stomach 

tube or by external trocharisation (KOCK and BURROUGHS 2012).  

In domestic ruminants fasting 12-18 hours prior to anaesthesia is recommended 

(CAULKETT 2003) and water should be witheld for 6-12 hours (WHITE and 

TAYLOR 2000). 

 

k) Nociception 

 

There are various nociceptors (peripheral nerve endings) that respond to 

pressure, temperature or to substances released during inflammation (e.g. 

prostaglandins). Motor neurons are stimulated to reaction via sensory neurons 

in the spinal cord which receive the stimulation from peripheral nociceptors. In 

addition, the information reaches the thalamus of the brain via the spinal cord. 

Before reaching the thalamus the information is modulated by excitatory 

(glutamate, substance P, prostaglandins) and inhibitory (endorphins, 

norepinephrine, serotonin, - aminobutyric acid) neurotransmitters. If chronic 

nociceptive stimulation occurs , the nociceptors release neurotransmitters which 

cause an inflammatory reaction with consecutive hyperalgesia. Clinical signs of 

nociception that can also be detected under general anaesthesia (e.g. to 

evaluate if anaesthesia is adequate for the performed procedure) include 

tachycardia, tachypnoea, hypertension, pale mucous membranes, cardiac 

arrythmias, dilated pupils and salivation (CLARKE et al. 2014).  

Preemptive analgesia focuses on the treatment of pain before surgery to reduce 

the sensitasion of peripheral and central pain that is generated by tissue 
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damage. Optimal pain management should aim to prevent chronic and 

neuropathic pain and consequent hyperalgesia. Therefore analgesia should 

always be used and a multimodal approach should be considered to minimise 

doses of analgetic and anaesthetic drugs and prevent patients from potential 

adverse effects (CLARKE et al. 2014). Evaluation of adequate analgesia in 

ruminants by clamping a forceps just below the coronary band was first 

described by RINGS and MUIR in 1982. Since that time this method has been 

used in many studies in different ungulate species (BOSCHERT et al. 1994; 

DOHERTY et al. 2002; HEINONEN et al. 2009).   

 

l) Stress hormone analysis 

 

Causes for stress are highly variable in animals (i.e. rivalry, flight reactions, 

reproduction or human induced by capture, hunting etc.). If an animal is 

stressed, the hypothalamus produces corticoliberin, which induces a release of 

ACTH from the hypophysis that causes a release of cortisol from the cortex of 

the adrenal gland and adrenaline and noradrenaline are released from the 

adrenal medulla. Cortisol generates a negative feedback on ACTH while 

adrenaline and noradrenaline provoke a negative feedback on corticoliberin 

(SILBERNAGL, DESPOPOULOS 2003). Plasma cortisol is a good indicator of 

a physiological stress response in impala and other wildlife species (MORTON 

et al. 1995). Chemical immobilisation seems to be less stressful than manual 

restraint and animals show lower cortisol concentrations compared to baseline 

values, if tranquilisers are used (MORTON et al. 1995). Cortisol values 

decreased significantly in medetomidine treated dogs (KO et al. 2000; KIRVES, 

VAINIO 2002) but increased 4-8 times in medetomidine treated cattle and sheep 

(RANHEIM et al. 2000). Buffaloes that underwent a continuous intravenous 

infusion anaesthesia with propofol after induction with medetomidine and 

midazolam showed elevated cortisol values initially, which decreased towards 

the end of the procedure (MALIK et al. 2011). Reindeer showed cortisol 

concentration 3.5 times higher compared to baseline values 30 minutes after 
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administration of medetomidine, but values returned to normal within 4 hours 

after administration of atipamezole (ARNEMO et al. 1999). KOCK (1992) 

reduced capture stress in black rhinoceros by increasing the dose of etorphine 

used in them and by adding  hyaluronidase for quicker muscular drug resorption 

and therefore shorter induction times. Impala may habituate to repeated capture 

and handling to a certain degree (KNOX et al. 1998). Animals that had longer 

habituation periods in captivity had smaller increases in body temperature and 

lower plasma cortisol concentrations when they were captured compared to 

animals that were habituated less (MEYER et al. 2008). BUSH et al. (2004) 

measured  lower cortisol values when they were immobilised with a combination 

of medetomidine, ketamine and hyaluronidase compared to when potent opioids 

were used. 
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III.MATERIAL AND METHODS 

 

3.1. Preliminaries 

 

This project was a cooperative study of the University of Veterinary Medicine, Hanover, 

Foundation, (Germany), Wuppertal Zoo, (Germany) and the Faculty of Veterinay 

Sciences, University of Pretoria, (Onderstepoort,  South Africa). 

“Component 1” included  two different anesthetic trials that were subject of this doctoral 

thesis project, analysed and published by the University of Veterinary Medicine, 

Hanover, Foundation, Germany.  

 

Data collection (Data collection forms Appendix 1 a+b) of component 1 took place from 

23.06.2014 to 25.07.2014 

 

The project was approved by the Animal Ethics (V099/13) and Research Committees 

of the University of Pretoria.  

 

3.2. Animals 

 

3.2.1 Management 

 

Fifteen female adult and subadult impala were caught on a private game farm (WYCO 

AFRICA; PO Box: 52414; Dorandia; Pretoria 0188; RSA) and transported to an 

appropriate boma facility (wildlife holding area with elevated walls) at the Faculty of 

Veterinary Sciences, University of Pretoria, South Africa. The animals were free-

roaming but accustomed to human proximity on the farm through supplemental 

feeding. They were immobilised with thiafentanil (1.5 or 2 mg/animal IM, THIANIL 10 

mg/ml; 10 ml/ TREXONIL 50 mg/ml; 20 ml COMBIPACK; Wildlife Pharmaceuticals 

(Pty) LTD, Pretoria, RSA) by remote injection. Once immobilised they received 

butorphanol (5 mg/animal IV, BUTORPHANOL 10 mg/ml; 10 ml; Compounded for vet 

use; V-Tech Pharmacy; Pretoria; RSA) as a partial reversal to improve breathing. 
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Impala were also tranquilised with haloperidol (adults: 5 mg/animal IV; subadults: 3 

mg/kg IV, HALOPERIDOL 20 mg/ml; 20 ml; Compounded for vet use; V-Tech 

Pharmacy; Pretoria; RSA) and zuclopenthixol (adults: 40 mg IM; subadults: 35 mg IM, 

ZUCLOPENTHIXOL 100 mg/ml; 10 ml; Compounded for vet use; V-Tech Pharmacy; 

Pretoria; RSA) to facilitate adjustement to the boma environment. The animals were 

treated against endo- and ectoparasites with doramectin (0.2 mg/kg; DECTOMAX 1%; 

250 ml; Pfizer Laboratories (Pty) Ltd; Sandton; RSA), treated against dart wound 

infections with benzylpenicilium procainum (24.000 I.U./ kg, DUPLOCILLIN 125/ 150 

mg/ ml; 100 ml; Intervet SA (Pty) Ltd; Kempton Park; RSA) and were given meloxicam 

(0.5 mg/kg, METACAM 20 mg/ml; 50 ml; Ingelheim Pharmaceuticals (Pty) Ltd; 

Randburg; RSA). Ear tags (Table 1) were placed for individual identification. The 

immobilising effects of thiafentanil were antagonised with naltrexone (10 mg naltrexone 

to 1 mg thiafentanil, THIANIL 10 mg/ml; 10 ml; TREXONIL 50 mg/ml; 20 ml 

COMBIPACK; Wildlife Pharmaceuticals (Pty) LTD, Pretoria, RSA) and the animals 

transported (approximately 80km) to the boma facilities using a special wildlife trailer. 

 

Table 1. Ear tag coding system of impala (Aepyceros melampus)  

 

ANIMAL NO COLOUR EAR TAG EAR 

1 White Right 
2 Yellow Right 
3 Orange Right 
4 Red Right 
5 Blue Right 
6 White Left 
7 Yellow Left 
8 Orange Left 
9 Red Left 

10 Blue Left 
11 White Both 
12 Yellow Both 
13 Orange Both 
14 Red Both 
15 Blue Both 
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The boma had a size of 30x30 m and was divided by a shaded fence in a 30x10m and 

a 30x20m compartment (Figure 2). The shaded fence wall had a height of 2.7 m to 

prevent the animals from escaping. Both areas were connected with two gates that 

could be opened or closed. The boma contained trees that provided shade and shelter. 

The animals (Figure 1) stayed in the boma for a 5 week habituation period before the 

commencement of the anaesthetic trials. During this time they were habituated to the 

darting process, the sound of the dart gun, proximity of humans and management 

measures (moving between the two boma areas). In addition a mock trial, in which 

animals were darted and immobilised, was performed in week 5 of the habituation 

phase. Throughout their boma stay the animals received fresh water, hay (Eragrostis 

teff) and lucerne (Medicago sativa) (2 kg/animal/day) ad libitum. Antelope cubes 

(WILDSKORRELS; KLEIN KOOPERASIE; Pretoria; RSA; concentrate) were fed as 

deemed necessary to maintain or improve body condition (about 100 g/animal/day). 

The animals were housed in the boma for a total of three months (10.05.2014 - 

20.08.2014). During this time they took part in five different anaesthetic trials (one mock 

trial, two trials of component 1 (described here) and two trials of component 2 

(described in two other publications)). The impala were sold to another game farm and 

released into the wild two weeks after conclusion of the project. 

 

 

Figure 1. Impala (Aepyceros melampus) during habituation in the boma 
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Figure 2. Boma structure for impala (Aepyceros melampus) undergoing a 

medetomidine-ketamine-midazolam continuous intravenous infusion anaesthesia 

(CII) of 120 minutes duration after induction with a medetomidine-ketamine-

butorphanol (MKB) or etorphine-medetomidine-midazolam (EMM) combination 
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3.3 Anaesthetic procedures:  

 

3.3.1 Preliminary mock trial: 

 

A preliminary immobilisation was performed during the last week of the five week 

habituation period. During this preliminary immobilisation different animals were 

immobilised with the different induction protocols of the study (medetomidine-

ketamine-butorphanol (trial 1) or etorphine-medetomidine-midazolam (trial 2).  

This preliminary immobilisation was not only used to habituate the animals to being 

darted but was also used to ensure that the doses of the anaesthetic and immobilising 

drug combinations were correctly estimated. Body mass was determined in the 

immobilised impala by using a scale (BSGBRY GLASS SCALE; Pure Pleasure; 

Stingray Group; Cape Town; South Africa). Blood samples were taken to determine 

the general health profile of each animal.  

Body condition of the animals was evaluated. All animals were treated against ecto- 

and endo-parasites using doramectin (0.2 mg/kg). Impala 6 was excluded from the 

study because it was a juvenile. 

 

3.3.2 Preliminary etorphine-medetomidine-ketamine trial 

 

Originally the etorphine-containing induction mix was planned to contain etorphine, 

medetomidine and ketamine but life-threatening complications made adjustment of this 

protocol necessary and resulted in the EMM protocol. Four animals were 

anaesthetised with etorphine, medetomidine and ketamine during this preliminary trial. 

The experimental setup was identical to the data collection trials (see data collection 

trials). 

Animals were immobilised with etorphine (1 mg/animal), medetomidine (1.2 

mg/animal) and ketamine (80 mg/animal) by remote injection. Etorphine’s effects were 

partially antagonised with butorphanol IV (2:1 mg etorphine), if breathing stopped for 

longer than 45 seconds.  
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The continuous intravenous infusion (CII) was composed of 1.5 mg medetomidine + 

1000 mg ketamine + 15 mg midazolam diluted in a 0.9% saline bag with a final weight 

of 1000 grams. 

Drugs were administered at a CII fluid rate of 2.4 ml/kg/h, resulting in administration of 

3.6 µg/kg/h medetomidine, 2.4 mg/kg/h ketamine, and 36 μg/kg/h midazolam for the 

first 20 minutes. Thereafter the dose was either decreased by 0.2 ml/kg/hr every 20 

minutes or left stable, depending on anaesthetic depth. Anaesthesia was maintained 

for 120 minutes. 

Reversal was achieved with atipamezole IM (5:1 mg medetomidine) 10 minutes after 

stopping the CII and naltrexone IV (20:1 etorphine) 15 minutes after stopping the CII.  

 

3.3.3 Data collection trials: 

 

Ten of the fifteen impala were randomly chosen (Excel Microsoft Office 2010; Microsoft 

corporation). In a complete cross-over design study, each of the selected animals was 

anaesthetised with each protocol once. All trials were performed at Onderstepoort at a 

height of 1222 m above sea level. 

 

a) Induction into anaesthesia 

  

The animals had free access to food and water until the darting procedures. Antelope 

cubes were not fed 12 hours prior to the darting procedures.  

For the darting process the entire group was temporarily restricted to the smaller 

capture compartment of the boma and the preselected animal was darted with an air- 

pressurised 3 ml dart (DANINJECT; 3.0 ml dart syringe; Borkop; Denmark) by remote 

injection with a carbon-dioxide powered projector (5 bar; 10-15 m; DANINJECT No. 

0037; Mod JM; Borkop; Denmark). If necessary sterile water for injection (STERILE 

WATER FOR INJECTION; Kyron Prescriptions; Benrose; South Africa) was used to 

fill up the dart so that all animals received the same volume of fluid from the dart. The 

same experienced wildlife veterinarian performed all the darting procedures (10-15 m 

range; 5 bar). In the case of wounds afflicted by the darting process, the animals 
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received benzylpenicilium procainum (24.000 I.U./kg) and meloxicam (0.5 mg/kg). 

Each animal received the following induction drug combinations with a two week 

washout period between treatments. 

 

The MKB combination consisted of: 

 Medetomidine 8 mg/animal (MEDETOMIDINE 10 mg/ml; Kyron Prescriptions; 

Benrose; RSA)  

 Ketamine 160 mg/animal (KETAMINE FRESENIUS 100 mg/ml; Bodene (PTY) 

limited trading as Intramed; PE; RSA )  

 Butorphanol 6 mg/animal) (BUTORPHANOL 10 mg/ml; Compounded for vet 

use; V-TECH Pharmacy; Pretoria; RSA).  

 

The EMM protocol consisted of: 

 Etorphine 1.5 mg/animal (CAPTIVON 98; 9.8 mg/ ml; 5ml; Wildlife 

Pharmaceuticals; White River; RSA) 

 Medetomidine 8 mg/animal  

 Midazolam 8 mg/animal (MIDAZOLAM 20 mg/ml; Compounded for vet use; V-

Tech Pharmacy; Pretoria; RSA).  

 Shortly after recumbency, etorphine effects were partially antagonised with 

butorphanol IV (1:1 mg etorphine) and before start of CII the animals received 

a loading dose of ketamine IV (2 mg/kg). 

 

Induction doses were calculated for an estimated body mass of 40 kg. 

In case of inadequate induction, a remote supplementation of drugs, via darting, was 

applied at intervals of 15 minutes. Supplemental doses were adjusted according to the 

observed level of ataxia and sedation: if no or mild signs were seen, the full induction 

dose was repeated, whereas moderate to severe signs were addressed with half the 

dose.  

 

Upon recumbency of the darted animal, the remaining group was moved to the 

neighbouring boma compartment. The immobilised animal was kept in sternal position, 
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blind-folded and its ears were plugged with selfmade earplugs consisting of swabs, 

gauze bandages and band-aid. An intravenous catheter (JELCO IV CATHETER; 

Radiopaque; 4036; 20G; Smith medical International Ltd; Rossendale; UK) was 

aseptically placed in the left V. cephalica for emergency interventions and blood 

samples were taken from the V. saphena lateralis.  

Monitoring of physiological parameters started immediately with the determination of 

respiratiory rate (RR) by visual observation of thoracic movement, heart rate (HR) by 

auscultation and pulse-oximetry (NONIN PURE SAT; NONIN medical INC; Model 2500 

A VET; Plymouth; USA), oxygen saturation (SpO2) by pulse-oximetry, and rectal body 

temperature. Times were recorded for darting the animal, first effect of the drugs (time 

from darting to first effects), ataxia (time from darting to ataxia), recumbency (time from 

darting to lateral recumbency) and approachability and an immobilisation score (Table 

2) was evaluated. Directly after blood sampling the impala were transported to the 

procedure room (distance approximately 300 m) by vehicle.  

 

b) Maintenance of anaesthesia: 

 

In both groups anaesthesia was maintained with a CII consisting of medetomidine, 

ketamine and midazolam. The anaesthetics for the CII were diluted in a 0.9% saline 

bag with a final weight of 1000 grams: medetomidine (0.5 mg; DOMITOR; 1 mg/ ml; 

10 ml; Pfizer Laboratories (PTY); Sandton; RSA),  ketamine (1000 mg), and midazolam 

(15 mg; DORMICUM 15 mg/ 3ml; Roche products (PTY) Ltd; Randburg; RSA). This 

resulted in a concentration of 0.5 µg/ml medetomidine, 1 mg/ml ketamine, and 15 µg/ml 

midazolam. 

 

Drugs were administered at a CII fluid rate of 2.4 ml/kg/h, resulting in administration of 

1.2 µg/kg/h medetomidine, 2.4 mg/kg/h ketamine, and 36 μg/kg/h midazolam for the 

first 20 minutes. Thereafter the dose was either decreased by 0.2 ml/kg/hr every 20 

minutes or left stable, depending on the assessment of anaesthetic depth. Anaesthesia 

was maintained for 120 minutes. 
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Isotonic saline solution (SODIUM CHLORIDE FRESENIUS 0.9%; Intramed; South 

Africa) was administered to accomplish a total fluid rate of 5 ml/kg/hr during 

maintenance. Both infusions (CII and isotonic saline solution) were administered via 

two different infusion pumps (INFUSOMAT SPACE; B. Braun; Melsungen AG; 

Melsungen AG; Germany) and intravenous catheters in the left and right V. cephalica. 

 

c) Instrumentation and measured parameters 

 

Upon arrival in the procedure room, the body mass of each animal was measured 

using a scale (BSGBRY GLASS SCALE; Pure Pleasure; Stingray Group; Cape Town; 

South Africa). The impala was kept in right lateral recumbency during the entire 

procedure. The animal was orotracheally intubated in sternal position with a cuffed 

polyvinyl-chloride endotracheal tube (ET tube; size 8.0), that was stabilised with a 

stylet, and a long Miller-blade laryngoscope (size 4). Intubation score and potential 

interventions for intubation (midazolam bolus 0.2 mg/kg IV) were recorded (Table 2). 

Oxygen was administered at a flow rate of 2 l/min through a nasogastric feeding tube 

(8 French Gauge) that was placed deep into the ET tube.The animals were allowed to 

breathe spontaneously. Cut-off points for mechanical ventilation were an end tidal 

carbon dioxide tension (PECO2) of 55 mmHg or higher or a peripheral oxygen 

haemoglobin saturation (SpO2) of 90% or lower. A straight gas sampling port connector 

and a pitot tube type pneumotachograph (Datex, D lite) were connected to the ET tube 

for spirometry and capnography.  

Parameters measured with a multi-parameter monitor (CARDIOCAP 5; Datex 

Ohmeda; Helsinki; Finland) were:  

 heart rate (HR; electrocardiogram; ECG; electrodes in lead II configuration)  

 respiration rate (RR; side-stream capnograph)  

 invasive arterial blood pressures (MABP; auricular artery; calibrated strain 

gauge transducer) 

 PECO2 (side-stream capnography; gas sampling rate: 200 ml/min)   

 end-tidal oxygen partial pressure (FE´O2; side-stream capnograph)  

 tidal volume (TV; spirometer). 
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 SpO2 was measured with a pulse oximeter probe placed on the vulva (NONIN 

PURESAT; NONIN Medical Inc.; Model 2500A VET; Plymouth; USA).  

 Rectal body temperature was determined by using a rectal probe (PHYSITEMP 

MODEL BAT-12; Physitemp Instruments Inc.; Clifton; USA). Body temperature 

was maintained between 37.5°C and 39.5°C by cooling down the animal or 

warming with a circulating warm water blanket (MICROTEMP; Cincinnati Sub 

Zero; Cincinnati; USA) and a forced warm air blanket (BAIR HUGGER; Arizant 

Inc.; St. Paul; USA).  

 

All parameters were recorded at 5 minute intervals.  

 

An arterial catheter (JELCO IV CATHETER; Radiopaque; 4030; 22G; Smith medical 

International Ltd; Rossendale; UK) was placed into the auricular artery after surgical 

preparation and the first arterial blood sample was drawn anaerobically in a pre-

heparinised 1 ml syringe for instant blood gas measurement. Arterial blood samples 

were drawn from the arterial catheter at 30 minute intervals from start of CII and 

analysed immediately using a portable blood gas analyser (EPOC READER BLOOD 

ANALYSIS and EPOC BGEM CARDS; Epocal Inc.; Ottawa; Canada). Reading of 

partial pressure of oxygen (PaO2), partial pressure of carbon-dioxide (PaCO2), pH, 

concentrations of sodium (Na+), potassium (K+), ionized calcium (Ca++), chloride    

(Cl-), glucose (Glu), lactate (Lac) and creatinine (Crea) and the haematocrit (Hct) was 

performed. The concentration of bicarbonate (HCO3-), total carbon dioxide (TCO2), 

base excess (BE) and oxygen haemoglobin saturation (SO2) were calculated by the 

device based on inbuilt algorithms. Values were not corrected to body temperature. 

 

The gradient between arterial carbon dioxide tension to end-tidal carbon dioxide 

tension (PaCO2 - PECO2) was calculated as well as the quotient of arterial oxygen 

tension to fraction of inspired oxygen (PaO2:FiO2 - where FiO2= FE´O2 +5% (JACOBS 

et al. 1999). FiO2 had to be calculated from FE´O2 because an open system was used 

and measured FiO2 values would have been adulterated. 
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For evaluation of the depth of anaesthesia the animal`s medial and lateral palpebral 

reflex was checked every 5 minutes and the response to deep pain was determined 

by applying pressure with forceps (VULSELLUM) just below the coronary band (over 

phalanx 2) every 15 minutes. The forceps was closed tightly to the first ratchet for 60 

seconds or until gross movement was seen. Four claws on non-dependant thoracic 

and pelvic legs were used alternately. The test was assessed positive, if conscious 

movement or an autonomic response (increase in HR, MABP) were seen and the CII 

rate was not decreased at the next 20-minute interval until the following test was 

assessed negative.  

 

Serum samples were taken from a V. saphena lateralis after induction of anaesthesia 

and before reversal to assess the stress response of the animals to the different 

protocols. The samples were frozen at -80°C and analysed for total serum cortisol 

concentrations by chemiluminescent enzymeimmunoassay (IMMUNOLITE 100; 

Siemens; Isando; RSA). 

 

 

 

Figure 3. Experimental setup for data collection in impala (Aepyceros melampus) 
undergoing a medetomidine-ketamine-midazolam continuous intravenous infusion 
anaesthesia (CII) of 120 minutes duration after induction with a medetomidine-
ketamine-butorphanol (MKB) or etorphine-medetomidine-midazolam (EMM) 
combination. 
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d) Recovery from anaesthesia 

 

Animals were transported back to the boma after the end of the CII. Each animal 

received a single injection of meloxicam SC (0.5 mg/kg). It was placed on a hay 

matress in sternal recumbency and the neck was stabilised with a cluster of hay. 

Atipamezole was given IM (5:1 mg medetomidine; ATIPAMEZOLE 50 mg/ml; 20 ml; 

compounded for vet use; V-TECH Pharmacy; Pretoria; RSA) 10 minutes after stopping 

of the CII and naltrexone IV (2:1 mg butorphanol (MKB) or 20:1 mg etorphine (EMM); 

TREXONIL 50 mg/ ml; 20 ml; Wildlife Pharmaceuticals (PTY); White River; RSA) 15 

minutes after stopping the CII. The animal was extubated as soon as the swallowing 

reflex reoccurred and blindfold and earplugs were removed. It was left alone for 

recovery and monitored from outside the boma.  

Recovery was monitored closely until animals were walking without ataxia and an early 

(administration of antagonists to first attempt to stand) and a late (first attempt to stand 

to coordinated walking) recovery score were assigned (Table 2). Times from 

administration of reversal agents to first indications of reversal (head and ear 

movements), sternal recumbency and standing were recorded. Animals were 

monitored for at least 24 hours. 

 

e) Rescue interventions 

 

The following rescue interventions were scheduled for the following emergencies.    

 Apnoea (no breathing attempts for longer than 45 seconds) 

 Endotracheal intubation and intermittent positive pressure ventilation 

(IPPV) with ambu bag attached to the ET tube 

 Hypotension (MABP < 60 mmHg) 

 Fluid bolus of 30 ml/kg over 10 minutes 

 Respiratory depression (PECO2 > 60 mmHg/ SpO2< 90%) 

 Start IPPV at 4 to 6 breaths per minute 

 Bloat 

 Pass stomach tube or percutaneous trocharisation to deflate the rumen 
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f) Scoring systems 

 

Table 2. Scoring systems 

 

Capture Score – Immobilisation quality 

Score Description 

1 

2 

3 

 

4 

Calm transition, no excitement, remains “down” once recumbent 

Mild excitement before becoming recumbent; maintains recumbency 

Pronounced excitement; attempts to stand after becoming 

recumbent 

Profound excitement; does not become recumbent 

 

Ability to Intubate 

Score Description 

1 

2 

3 

4 

Orotracheal intubation easy, at first attempt 

Orotracheal intubation achieved after 2-3 attempts 

Midazolam required before orotracheal intubation possible 

Orotracheal intubation unsuccessful 

 

Reasons why difficult to intubate 

Score Description 

1 

2 

3 

4 

Anatomy of animal did not allow it 

Severe stiffness, mouth cannot be opened 

Animal still swallowing 

Animal still chewing 
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Recovery Score 

Early Recovery Late Recovery 

Score Description Score Description 

1 

 

2 

 

3 

 

4 

Easy transition to alertness 

 

Generally quiet, may startle 

 

Uncoordinated whole body 

movements; paddling; startles 

Emergence delirium, thrashing 

1 

 

2 

 

3 

 

4 

1 or 2 coordinated efforts to stand; 

minimal ataxia; normal gait 

1 or 2 coordinated efforts to stand; some 

ataxia once standing; gait largely normal 

Multiple attempts to stand; considerable 

ataxia; moving with unsteady gait 

Unable to stand > 30 minutes after 

administration of opioid antagonists 

  

 

3.4 Statistical analysis: 

 

Quantitative data were assessed for normality by the Anderson-Darling test for 

normality (MINITAB Statistical Software, Release 13.32, Minitab Inc, State College, 

Pennsylvania, USA). Data were compared between experimental groups using 

Wilcoxon signed-rank tests. Correlation between quantitative variables was estimated 

using Spearman`s rho. Effect of treatments on quantitative data collected over multiple 

time points was described using a linear mixed models approach. Bonferroni correction 

was used to adjust P values for multiple post-hoc comparisons. Statistical analyses 

were performed using commercially available software (IBM SPSS Statistics Version 

22, International Business Machines Corp., Armonk, New York, USA) and results 

interpreted at the 5% level of significance. Results are presented as mean ± SD. 
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IV. RESULTS 

 

4.1. Animals 

 

Table 3. Haematology and biochemistry of 15 impala (Aepyceros melampus) taken 

during the preliminary immobilisation. 

  1 2 3 4 5 7 8 9 10 11 12 13 14 15 

Hb (g/l) 132 124 113 143 106 122 125 119 97 98 138 159 118 149 

RCC 
(x10^12/

l) 

18.9 19.5 17.2 22.5 16.9 20.4 19.0 18.2 16.2 14.8 21.1 24.1 18.6 24.2 

Hct (l/l) 0.38 0.35 0.32 0.41 0.29 0.34 0.35 0.33 0.27 0.27 0.38 0.46 0.34 0.42 

MCV (fl) 20.2 18 18.9 18 17.4 16.8 18.2 18.1 16.5 18 18.2 19.1 18.4 17.3 

MCH 
(pg) 

7 6.3 6.6 6.3 6.3 6 6.6 6.5 6 6.6 6.6 6.6 6.3 6.1 

MCHC 
(g/dl) 

34.7 35.2 34.8 35.1 36.1 35.7 36.2 35.9 36.2 36.6 36 34.5 34.4 35.5 

RCD (%) 31 21.3 21.8 20.2 24.5 22.4 22.6 23.6 19.8 21.6 22 23.4 24.9 22.4 

WCC 
(x10^9/l) 

4.38 5.33 4.47 8 3.83 3.59 3.57 4.18 5.06 2.97 6.79 3.69 4.7 6.81 

SN 
(x10^9/l) 

1.97 1.07 2.5 0.96 0.69 0.65 0.71 0.5 2.13 0.53 1.56 0.59 1.55 1.5 

BN 
(x10^9/l) 

0 0 0.27 0 0 0 0 0 0 0 0 0.07 0 0 

LC 
(x10^9/l) 

2.37 4.16 1.61 6.8 2.76 2.94 2.86 3.55 2.73 2.44 5.23 2.8 3.01 5.18 

MC(x10^
9/l) 

0 0.11 0 0.16 0.08 0 0 0.08 0.2 0 0 0.22 0.09 0.14 

EOS 
(x10^9/l) 

0 0 0.09 0.08 0.31 0 0 0.04 0 0 0 0 0.05 0 

BAS 
(x10^9/l) 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Other 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

PC 
(x10^9/l) 

230 280 364 254 486 292 218 377 369 280 314 334 345 342 

NRBC/ 
100 

WBC 

0 0 0 0 0 0 0 0 0 0 0 0 0 1 

TP (g/l) 58 62.3 59.3 64.8 57.1 60 61.7 60.5 49.8 56.4 60 64.1 62 57.9 

ALB (g/l) 39.3 40.5 35.3 37.1 34.1 38.7 37.6 36.2 33.1 37.7 40.5 42.1 40.4 38.3 

AST (u/l) 137 196 156 171 125 182 171 150 125 158 248 200 177 182 

GGT 
(u/l) 

51 57 73 77 44 64 61 63 44 59 75 74 49 65 

UREA(m
mol/l) 

10,8 10 8.7 9.3 8.9 9 11.2 9.6 9.2 9.8 8.6 10.8 9.3 9.6 

CREA 
(umol/l) 

91 88 109 112 86 93 102 99 113 79 84 126 107 133 
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Hb: Haemoglobin; RCC: Red cell count; Hct: Haematocrit; MCV: Mean corpuscular 
volume; MCH: Mean corpuscular haemoglobin; MCHC: Mean corpuscular 
haemoglobin concentration; RCD: Red cell distribution width; WCC: White cell count; 
SN: Segmented neutrophils; BN: Banded neutrophils; LC: Lymphocytes; MC: 
Monocytes; EOS: Eosinophils; BAS: Basophils; PC: Platelet count; NRBC/100 WBC: 
Nucleated red blood cells/ 100 White blood cells; Morph: morphology; P com: Platelet 
comment; Para ID: Parasite identity; TP: Total protein; ALB: Albumin; AST: Aspartat-

Aminotransferase; GGT: -Glutamyltransferase; UREA: blood urea nitrogen; CREA: 
Creatinine; g: gramms; l: liter; pg: picogramm; dl: deciliter; g/l: gramm per liter; u/l: 
International unit per liter; mmol/l: millimol per liter; µmol/l: micromol per liter 

 

Animals became accustomed to human proximity and anaesthetic procedures during 

the habituation period. The impala showed flighty reactions to darting during the 

capture and the preliminary trial. Although they were nervous they did not attempt to 

escape during the darting procedure in both study trials. The impala did not show any 

signs of active disease (Table 3) and on average they had a body mass of 38.0 kg and  

body mass did not differ between the trials (Figure 4).   
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Figure 4. Body mass (kg) of 10 impala (Aepyceros melampus) undergoing a 
medetomidine-ketamine-midazolam continuous intravenous infusion anaesthesia 
(CII) of 120 minutes duration after induction with a medetomidine-ketamine-
butorphanol (MKB) or etorphine-medetomidine-midazolam (EMM) combination. 
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4.2. Anaesthetic procedures 

 

4.2.1 Preliminary mock trial 

 

Induction doses of the MKB, EMM and EMK combination were adequate for 

immobilisation of impala. 

 

4.2.2 Preliminary Etorphine-Medetomidine-Ketamine trial  

 

The data of this trial were not statistically analysed because of the low number of 

animals (n=4). 

Animals were immobilised with etorphine (0.028 ± 0.006 mg/kg), medetomidine (0.034 

± 0.007 mg/kg) and ketamine (2.24 ± 0.45 mg/kg), but two animals received boluses 

of ketamine IV (0.5 mg/kg and 2.5 mg/kg) to maintain anaesthesia until the start of  the 

CII. In three of four animals etorphine`s effects had to be partially reversed with 

butorphanol IV (2 or 1 mg butorphanol :1 mg etorphine).  

Mean onset time was 19.9 ± 12.0 minutes and time to lateral recumbency was 

characterised by hyperlocomotive activity, a hackney gait, ataxia and stiff falling into 

lateral recumbency. Animals showed no or moderate chest wall rigidity after approach. 

Intubation was difficult in all impala due to jaw stiffness, swallowing and chewing. All 

animals received a bolus of midazolam IV (0.2 mg/kg) and two of the four animals 

needed supplemental boluses of ketamine IV (2.0 and 3.5 mg/kg) for intubation.  

The CII was started 37.5 ± 19.7 minutes after lateral recumbency. Nociception was 

seen in three of the four animals at all time points and CII was not decreased during 

the whole anaesthetic period in these animals. In addition, these animals needed 

boluses of ketamine IV (7- 24 mg/kg in total) and midazolam IV (0.2 - 0.84 mg/kg in 

total) to maintain anaesthesia. 

Hypoxaemia was mild to moderate before oxygen was supplemented but mean PaO2 

did not rise above 100 mmHg at any time point (Table 5).  
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Respiratory rate was similar to the EMM group and tidal volume and minute volume 

were much higher than in both other groups (Table 4). Mild to moderate hypercapnia 

was seen 30 minutes after the start of the CII until stop of the CII (Table 5).  

The gradient between PaCO2 and PECO2 was much lower than in both other groups. 

PaO2/FiO2 ratio was similar to EMM after the initial reading (Table 5). 

In contrast to both other groups bradycardia was not observed. 

Hyperglycaemia was similar to both other groups at the beginning but decreased over 

time (Table 4). Bloat was mild in all animals.  

 

The plasma cortisol concentration was much higher after induction (Cortisol 1) and 

before reversal (Cortisol 2) compared to both other groups (Table 6). 

Lactate (Lactate 1) was higher after induction compared to both other groups         

(Table 6).  

Mean reversal time was 7.6 ± 11.6 minutes, but times varied individually. Early 

recovery was characterised by calm transition and three of four animals showed a 

normal gait. Moderate ataxia was only seen in one animal. 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4. Mean ± SD physiological parameters of impala (Aepyceros melampus) 

undergoing a medetomidine-ketamine-midazolam CII after induction with etorphine-

medetomidine-ketamine. 
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HR: heart rate; RR: respiratory rate; Vt: tidal volume; MV: minute volume; MABP: mean arterial blood 
pressure; SpO2: peripheral oxygen hemoglobin saturation; Temp: rectal temperature; pH: arterial 
hydrogen ion concentration negative logarithm; HCO3-: arterial bicarbonate ion concentration; Crea: 
creatinine; min: minute; mL: milliliters; mmHg: millimeters Mercury; mmol/L: millimoles per liter; µmol: 
micromoles per liter; (Normal value range for sheep and goats: *Clarke et al. 2014; **Ganter 2009; 
***Miller/ Fowler 2015) 

Parameter  Normal value 
range* 

0 min 30 min 60 min 90 min 120 min 

HR  MKB 60-120*  41 ± 5 42 ± 11 42 ± 4 44 ± 4 46 ± 5 
 

EMM beats/min 49 ± 12 47 ± 9 49 ± 8 54 ± 11 54 ± 12 

 EMK  135 ± 50 100 ± 41 84 ± 30 81 ± 21 76 ± 27 

RR  MKB 15-30* 22 ± 8 23 ± 10 24 ± 8 22 ± 4 22 ± 6 
 

EMM breaths/min 13 ± 9 11 ± 4 10 ± 3 10 ± 3 11 ± 4 

 EMK  11 ± 3 12 ± 3 12 ± 4 10 ± 2 15 ± 10 

Vt   MKB 480-600* 480 ± 258 441 ± 187 445 ± 166 428 ± 165 442 ± 179 
 

EMM mL/min 588 ± 357 576 ± 226 646 ± 205 722 ± 147 676 ± 219 

 EMK  1105 ± 177 933 ± 526 987 ± 631 1110 ± 687 1010 ± 630 

MV  MKB 3.8-7.2* 10.3 ± 2.1 10.3 ± 2.0 10.7 ± 1.4 9.6 ± 0.6 9.8 ± 1.1 
 

EMM L/min 7.8 ± 3.1 6.1 ± 1.0 6.7 ± 0.6 7.5 ± 0.4 7.4 ± 0.8 

 EMK  12.2 ± 0.5 11.2 ± 1.6 11.8 ± 2.5 11.1 ± 1.4 15.2 ± 6.5 

MABP  MKB 90-110* 140 ± 15 136 ± 8 130 ± 9 124 ± 9 119 ± 10 
 

EMM mmHg 131 ± 10 132 ± 12 114 ± 27 109 ± 21 107 ± 18 

 EMK  123 ± 7 109 ± 22 116 ± 13 117 ± 7 116 ± 5 

SpO2   MKB < 90* 93.3 ± 7.4  2.5 98.4 ± 1.4 98.9 ± 1.1 98.8 ± 1.4 
 

EMM % 95.7 ± 4.3 97.3 ± 2.2 97.0 ± 2.7 96.2 ± 2.7 97.2 ± 2.1 

 EMK  73.0 ± 23.0 95.0 ± 8.4 97.0 ± 3.5 96.0 ± 3.7 96.0 ± 2.1 

Temp  MKB 38.0-40.0** 38.3 ± 1.1 37.7 ± 1.1 37.3 ± 0.8 37.1 ± 0.7 36.8 ± 0.6  
  EMM °C 38.8 ± 1.3 38.1 ± 1.4 37.8 ± 1.1 37.5 ± 1.2 37.3 ± 1.0 

  EMK  39.7 ± 1.0 38.9 ± 1.0 38.4 ± 0.8 38.0 ± 0.7 37.6 ± 0.6 

pH  MKB 7.33-7.45** 7.40 ± 0.03 7.41 ± 0.03 7.41 ± 0.02 7.42 ± 0.03 7.42 ± 0.03 

   EMM   7.35 ± 0.04 7.31 ± 0.04 7.31 ± 0.06 7.31 ± 0.05 7.30 ± 0.09 

   EMK  7.40 ± 0.04 7.37 ± 0.06 7.38 ± 0.07 7.38 ± 0.06 7.35 ± 0.06 

HCO3-  MKB 23-35** 31.7 ± 2.3 33.4 ± 1.6 34.6 ± 1.8 35.4 ± 2.0 36.5 ± 1.6 

 EMM mmol/L 32.3 ± 2.8 33.9 ± 3.0 36.7 ± 3.6 35.7 ± 3.9 38.0 ± 3.3 

 EMK  28.4 ± 3.6 34.3 ± 1.9 33.9 ± 2.2 35.5 ± 2.6 36.6 ± 2.3 

 Glucose  MKB 2.3-5.2** 12.0 ± 1.6 11.4 ± 1.5 10.8 ± 2.0 9.8 ± 2.0 9.1 ± 2.2 

 EMM mmol/L 9.5 ± 1.4 9.4 ± 1.3 9.2 ± 1.8 8.2 ± 2.0 7.7 ± 2.0 

 EMK  10.9 ± 2.5 9.9 ± 2.8 8.6 ± 2.8 7.3 ± 2.4 6.1 ± 1.7 

Crea  MKB 36-104** 137 ± 20 129 ± 23 131 ± 23 139 ± 17 153 ± 29 

 EMM µmol/L 142 ± 23 140 ± 19 143 ± 18 137 ± 32 162 ± 16 

 EMK  126 ± 6 121 ± 6 123 ± 7 132 ± 12 129 ± 14 

Lactate  MKB < 2*** 1.45 ± 1.27 0.68 ± 0.27 0.45 ± 0.15 0.40 ± 0.09 0.30 ± 0.10 

 EMM mmol/L 1.55 ± 0.95 0.61 ± 0.24 0.40 ± 0.19 0.33 ± 0.11 0.26 ± 0.09 

 EMK  4.27 ± 3.21 1.23 ± 0.55 0.73 ± 0.27 0.44 ± 0.03 0.31 ± 0.0 
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Table 5. Mean ± SD physiological parameters and mean calculated gas exchange 
indices of impala (Aepyceros melampus) undergoing a medetomidine-ketamine-
midazolam continuous infusion anaesthesia of 120 minutes duration after induction 
with etorphine-medetomidine-ketamine 
 

Parameter  Unit 0 min 30 min 60 min 90 min 120 min 

PaO2         MKB mmHg 42.9 ± 7.2 175.2 ± 56.2 175.4 ± 67.6 169.8 ± 55.4 164.8 ± 53.9 

          EMM 
 

EMK 

  27.7 ± 6.9 
 

48.3 ± 12.1 

117.9 ± 42.4 
 

88.4 ± 55.6 

119.7 ± 36.4 
 

94.7 ± 49.2 

105.6 ± 29.6 
 

96.8 ± 45.1 

105.2 ± 24.7 
 

89.8 ± 39.9 

PaCO2      MKB mmHg 50.8 ± 2.2 52.6 ± 3.5 55.0 ± 5.0 55.1 ± 5.4 56.6 ± 3.7 

             EMM 
 

EMK 

 58.1 ± 6.6 
 

46.2 ± 8.2 

67.8 ± 11.5 
 

60.2 ± 11.7 

73.4 ± 12.1 
 

58.0 ± 13.3 

72.3 ± 14.5 
 

60.3 ± 12.1 

80.7 ± 22.4 
 

66.5 ± 11.9 

FE´O2        MKB mmHg 43.0 ± 12.1 48.1 ± 9.4 48.2 ± 9.3 48.4 ± 6.9 48.3 ± 8.9 

             EMM 
 

EMK 

 36.9 ± 14.0 
 
32.0 ± 21.0  

50.2 ± 5.6 
 

38.0 ± 13.0 

51.3 ± 8.8 
 

49.0 ± 13.0 

48.8 ± 6.7 
 

44.0 ± 9.0 

50.9 ± 11.5 
 

63.0 ± 28.0 

PECO2    MKB mmHg 35.2 ± 9.9 32.8 ± 5.4 32.2 ± 4.7 32.7 ± 5.3 32.2 ± 7.6 

 EMM 
 

EMK 

 34.0 ± 15.3 
 

51.0 ± 8.0 

46.9 ± 7.0 
 

48.0 ± 4.0 

46.5 ± 7.4 
 

45.0 ± 8.0 

46.5 ± 9.3 
 

42.0 ± 12.0 

48.8 ± 12.2 
 

37.0 ± 11.0 

PaO2/FiO2            

                        

MKB 

EMM 

EMK 

mmHg 203 ± 36 

130 ± 35 

229 ± 58 

343 ± 71 

195 ± 97 

206 ± 68 

339 ± 84 

220 ± 56 

190 ± 97 

329 ± 82 

205 ± 52 

211 ± 95 

325 ± 93 

199 ± 43 

219 ± 71 

PaCO2-PECO2   

                             

              

MKB 

EMM 

EMK 

mmHg 15.7 ± 11.0 

24.1 ± 18.4 

-4.8 ± 15.1 

19.8 ± 7.3 

20.9 ± 7.2 

12.2 ± 10.0 

22.8 ± 4.0 

26.9 ± 11.2 

13.0 ± 6.2 

22.4 ± 6.7 

25.8 ± 9.5 

18.3 ± 10.8 

24.4 ± 8.0 

31.9 ± 13.0 

29.5 ± 11.8 

PaO2: arterial tension of oxygen; PaCO2: arterial tension of carbon dioxide; FE´O2: 
end-tidal oxygen tension; PE´CO2: end-tidal carbone dioxide tension; PaO2/FiO2: 
arterial oxygen tension to fractional exspired oxygen ratio; PaCO2-PECO2: arterial to 
end-tidal carbon dioxide tension gradient; mmHg: millimeters Mercury     
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Table 6. Mean ± SD induction times and concentrations of cortisol and lactate after 

induction (cortisol/ lactate 1) and before reversal (cortisol/ lactate 2) of impala 

(Aepyceros melampus) undergoing a continuous intravenous infusion anaesthesia 

(CII) with a medetomidine-ketamine-midazolam after induction with etorphine-

medetomidine-ketamine (EMK). MKB and EMM groups are divided in animals 

receiving 1 or 2 darts for induction. 

 Induction time 

(min) 

Cortisol 1 

(mmol/L) 

Cortisol 2 

(mmol/L) 

Lactate 1 

(mmol/L) 

Lactate 2 

(mmol/L) 

MKB (1 dart) 708 ± 421 61.24 ± 58.5 4.34 ± 1.03 1.61 ± 1.71 0.30 ± 0.09 

MKB (2 darts) 1067 ± 522 41.56 ± 10.66 8.94 ± 5.56 1.29 ± 0.80 0.31 ± 0.09 

EMM (1 dart) 595 ± 202 91.54 ± 27.94 8.41 ± 3.08 1.08 ± 0.34 0.27 ± 0.11 

EMM (2 darts) 1000 ± 410 68.58 ± 49.83 7.01 ± 2.96 2.13 ± 1.20 0.24 ± 0.08 

EMK (1 dart)  1193 ± 723 101.4 ± 32.2 13.6 ± 4.3 4.3 ± 3.2 0.26 ± 0.06 

 

 

4.2.3  Data collection trials 

 

a) Induction of anaesthesia 

 

Immobilisation was achieved with either medetomidine (0.214 ± 0.052 mg/kg) + 

ketamine (4.304 ± 1.035 mg/kg) + butorphanol (0.162 ± 0.039 mg/kg) in the MKB group 

or etorphine (0.048 ± 0.017 mg/kg) + medetomidine (0.257 ± 0.09 mg/kg) + midazolam 

(0.257 ± 0.09 mg/kg) in EMM group. All animals in this group received butorphanol 

(0.038 ± 0.003 mg/kg) after approach.  

Mean time to recumbency was 11 ± 6.4 minutes in MKB and 9.5 ± 2.9 minutes in EMM 

group (only data of animals are included, that became recumbent after one dart; n=7 

in both groups). All other animals (n=3 / group) only became recumbent after a second 

dart. Onset time was characterised by reduced movements, ataxia, a hanging head 

and finally lateral recumbency in the animals from the MKB group and a strong trend 

to trot forward, while the neck was leaned back, followed by ataxia, standing and rigidity 

while falling into lateral recumbency in the animals from the EMM group.  

One animal died due to cardiac arrest upon lateral recumbency with EMM. Monitoring 

of physiological parameters started immediately after lateral recumbency of the animal, 
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and cardioplegia was observed. The impala was fully reversed and cardiopulmonary 

resuscitation was performed for 45 minutes but failed. Pathologic examination did not 

reveal any evidence of pre-existing disease. 

There was no visual relationship between capture score and induction time (Figure 5). 

Intubation was easy in all animals and no supplemental anaesthetic drugs were 

needed in both groups. Time from lateral recumbency to intubation was 24 ± 10.2 

minutes in the MKB (n=10) and 15 ± 4.2 minutes in the EMM (n=9) group.  

 

 

 

Figure 5. Capture score and induction time (n=7; only animals are included that 
received one dart for induction) in individual impala (Aepyceros melampus) undergoing 
a medetomidine-ketamine-midazolam continuous intravenous infusion anaesthesia 
(CII) of 120 minutes duration after induction with a medetomidine-ketamine-
butorphanol (MKB) or etorphine-medetomidine-midazolam (EMM) combination.  
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b) Maintenance of anaesthesia 

 

The CII was started 26.6 ± 9.8 minutes (MKB) and 17.6 ± 3.5 minutes (EMM) after 

lateral recumbency. All animals in the EMM group showed apnoea after IV injection of 

the ketamine bolus just before the start of the CII of 9.78 ± 10.67 minutes duration. The 

CII kept the impala anaesthetised for a duration of 120 minutes in both groups.  

Nociception was seen in 5 of 10 animals just after the start of the CII in the MKB group 

and in 3 of 10 animals at later time points. The CII rate was not decreased as required 

in these animals (Figure 6). Six of the 9 animals in the EMM group showed nociception 

initially but no animal reacted to noxious stimuli after CII was started and CII was 

decreased following the protocol (Figure 6). 
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Figure 6. Continuous intravenous infusion (CII) drip rate (ml/kg/h) and nociception (Δ) 

of impala (Aepyceros melampus) with following CII intervention undergoing a 

medetomidine-ketamine-midazolam continous infusion anaesthesia of 120 minutes 

duration after induction with medetomidine-ketamine-butorphanol (MKB) or etorphine-

medetomidine-midazolam (EMM). 
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c) Cardiorespiratory Measurements 

 

Moderate to severe hypoxaemia was seen in both groups initially before oxygen was 

supplemented. Arterial oxygen tension (PaO2) was significantly higher in the MKB 

group at all  time points it was measured (P<0.001, Figure 7, Table 8).   
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Figure 7.  Mean ± SD arterial tension of oxygen (PaO2 in mmHg) in impala (Aepyceros 
melampus) after medetomidine-ketamine-butorphanol (MKB) or etorphine-
medetomidine-midazolam (EMM) induction at time points 0/ 30/ 60/ 90/ 120 
undergoing a medetomidine-ketamine-midazolam continuous intravenous infusion 
anaesthesia (CII) of 120 minute duration. 
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Respiration rate (P<0.001) and minute volume (P<0.001) were significantly lower in 

the EMM group, while tidal volume was significantly higher (P<0.001,Table 7). 

Although these parameters remained in physiological ranges for anaesthetised 

animals (except for apnoea after ketamine injection in the EMM group), animals in both 

groups developed hypercapnia, that was more severe in the EMM group (P<0.001, 

Figure 8; Table 8) and exacerbated over time in both groups. End-tidal carbon dioxide 

tension (PECO2) was significantly lower in the MKB group (P<0.001, Table 8). 
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Figure 8.  Mean ± SD arterial tension of carbon-dioxode (PaCO2) in impala (Aepyceros 
melampus) after medetomidine-ketamine-butorphanol (MKB) or etorphine-
medetomidine-midazolam (EMM) induction at time points 0/ 30/ 60/ 90/ 120 
undergoing a medetomidine-ketamine-midazolam continuous intravenous infusion 
anaesthesia (CII) of 120 minute duration. 
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The estimated quotient of arterial oxygen tension to fraction of inspired oxygen was 

insufficient initially and improved over time in the MKB and remained insufficient for 

the complete period of monitoring in the EMM group (P<0.001, Figure 9; Table 8).  
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Figure 9. PaO2/FiO2 at time points 0/ 30/ 60/ 90/ 120 of impala (Aepyceros melampus) 
undergoing a medetomidine-ketamine-midazolam continuous intravenous infusion 
anaesthesia (CII) of 120 minutes duration after induction with a medetomidine-
ketamine-butorphanol (MKB) or etorphine-medetomidine-midazolam (EMM) 
combination 
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The gradient between arterial carbon dioxide tension to end-tidal carbon dioxide 

tension (PaCO2- PECO2) indicated a deficit in pulmonary  gas exchange and advanced 

over time in both groups, although it was more severe in the EMM group (P=0.001, 

Figure 10; Table 8). 
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Figure 10. Difference between arterial carbon-dioxide tension (PaCO2) and end-tidal 
carbon-dioxide tension (PECO2) at time points 0/ 30/ 60/ 90/ 120 of impala (Aepyceros 
melampus) undergoing a medetomidine-ketamine-midazolam continuous infusion 
anaesthesia (CII) of 120 minutes duration after induction with a medetomidine-
ketamine-butorphanol (MKB) or etorphine-medetomidine-midazolam (EMM) 
combination 
 

 

Progressive mild respiratory acidosis was only found in animals of the EMM group 

(P<0.001). HCO3- tended to be higher in the EMM group but this difference was not 

statistically significant (Table 7). 

Bradycardia was observed in all animals, but was more obvious in the MKB group 

(P<0.001,Table 7). Mean arterial blood pressure was significantly higher in the MKB 

group (P=0.012,Table 7). 
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Table 7. Mean ± SD physiological parameters of impala (Aepyceros melampus) 

undergoing a medetomidine-ketamine-midazolam continuous infusion anaesthesia of 

120 minutes duration after induction with a medetomidine-ketamine-butorphanol 

(MKB) or etorphine-medetomidine-midazolam (EMM) combination. 

 

HR: heart rate; RR: respiratory rate; Vt: tidal volume; MV: minute volume; MABP: mean 

arterial blood pressure; SpO2: peripheral oxygen hemoglobin saturation; Temp: rectal 

temperature; pH: arterial hydrogen ion concentration negative logarithm; HCO3-: 

arterial bicarbonate ion concentration; Crea: creatinine; min: minute; mL: milliliters; 

mmHg: millimeters Mercury; mmol/L: millimoles per liter; µmol: micromoles per liter 

(Normal value range for sheep and goats: *Clarke et al. 2014; **Ganter 2009; ***Miller/ 

Fowler 2015) 

 

 

Parameter  Normal 
value 
range* 

0 min 30 min 60 min 90 min 120 min 

HR MKB 60-120*  41 ± 5 42 ± 11 42 ± 4 44 ± 4 46 ± 5 
 

EMM beats/min 49 ± 12 47 ± 9 49 ± 8 54 ± 11 54 ± 12 

RR  MKB 15-30* 22 ± 8 23 ± 10 24 ± 8 22 ± 4 22 ± 6 
 

EMM breaths/ 
min 

13 ± 9 11 ± 4 10 ± 3 10 ± 3 11 ± 4 

Vt   MKB 480-600* 480 ± 258 441 ± 187 445 ± 166 428 ± 165 442 ± 179 
 

EMM mL/min 588 ± 357 576 ± 226 646 ± 205 722 ± 147 676 ± 219 

MV  MKB 3.8-7.2* 10.3 ± 2.1 10.3 ± 2.0 10.7 ± 1.4 9.6 ± 0.6 9.8 ± 1.1 
 

EMM L/min 7.8 ± 3.1 6.1 ± 1.0 6.7 ± 0.6 7.5 ± 0.4 7.4 ± 0.8 

MABP  MKB 90-110* 140 ± 15 136 ± 8 130 ± 9 124 ± 9 119 ± 10 
 

EMM mmHg 131 ± 10 132 ± 12 114 ± 27 109 ± 21 107 ± 18 

SpO2   MKB < 90* 93.3 ± 7.4 98.4 ± 1.3 98.4 ± 1.4 98.9 ± 1.1 98.8 ± 1.4 
 

EMM % 95.7 ± 4.3 97.3 ± 2.2 97.0 ± 2.7 96.2 ± 2.7 97.2 ± 2.1 

Temp  MKB 38.0-40.0** 38.3 ± 1.1 37.7 ± 1.1 37.3 ± 0.8 37.1 ± 0.7 36.8 ± 0.6  
EMM °C 38.8 ± 1.3 38.1 ± 1.4 37.8 ± 1.1 37.5 ± 1.2 37.3 ± 1.0 

pH  MKB 7.33-7.45** 7.40 ± 0.03 7.41 ± 0.03 7.41 ± 0.02 7.42 ± 0.03 7.42 ± 0.03 

 EMM  7.35 ± 0.04 7.31 ± 0.04 7.31 ± 0.06 7.31 ± 0.05 7.30 ± 0.09 

HCO3-  MKB 23-35** 31.7 ± 2.3 33.4 ± 1.6 34.6 ± 1.8 35.4 ± 2.0 36.5 ± 1.6 

 EMM mmol/L 32.3 ± 2.8 33.9 ± 3.0 36.7 ± 3.6 35.7 ± 3.9 38.0 ± 3.3 

Glucose  MKB 2.3-5.2** 12.0 ± 1.6 11.4 ± 1.5 10.8 ± 2.0 9.8 ± 2.0 9.1 ± 2.2 

 EMM mmol/L 9.5 ± 1.4 9.4 ± 1.3 9.2 ± 1.8 8.2 ± 2.0 7.7 ± 2.0 

Crea  MKB 36-104** 136.8 ± 20.3 128.7 ± 23.0 131.2 ± 22.6 138.8 ± 16.9 152.5 ± 28.8 

 EMM µmol/L 142.4 ± 23.3 140.0 ± 18.8 142.6 ± 17.8 137.1 ± 32.2 161.9 ± 15.7 

Lactate  MKB < 2*** 1.45 ± 1.27 0.68 ± 0.27 0.45 ± 0.15 0.40 ± 0.09 0.30 ± 0.10 

 EMM mmol/L 1.55 ± 0.95 0.61 ± 0.24 0.40 ± 0.19 0.33 ± 0.11 0.26 ± 0.09 
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Table 8. Mean ± SD physiogical parameters and mean calculated gas exchange 
indices of impala (Aepyceros melampus) undergoing a medetomidine-ketamine-
midazolam continuous infusion anaesthesia of 120 minutes duration after induction 
with a medetomidine-ketamine-butorphanol (MKB) or etorphine-medetomidine-
midazolam (EMM) combination. 
 

Parameter  Unit 0 min 30 min 60 min 90 min 120 min 

PaO2         MKB mmHg 42.9 ± 7.2 175.2 ± 56.2 175.4 ± 67.6 169.8 ± 55.4 164.8 ± 53.9 

          EMM   27.7 ± 6.9 117.9 ± 42.4 119.7 ± 36.4 105.6 ± 29.6 105.2 ± 24.7 

PaCO2      MKB mmHg 50.8 ± 2.2 52.6 ± 3.5 55.0 ± 5.0 55.1 ± 5.4 56.6 ± 3.7 

             EMM  58.1 ± 6.6 67.8 ± 11.5 73.4 ± 12.1 72.3 ± 14.5 80.7 ± 22.4 

FE´O2        MKB mmHg 43.0 ± 12.1 48.1 ± 9.4 48.2 ± 9.3 48.4 ± 6.9 48.3 ± 8.9 

             EMM  36.9 ± 14.0  50.2 ± 5.6 51.3 ± 8.8 48.8 ± 6.7 50.9 ± 11.5 

PECO2    MKB mmHg 35.2 ± 9.9 32.8 ± 5.4 32.2 ± 4.7 32.7 ± 5.3 32.2 ± 7.6 

 EMM  34.0 ± 15.3 46.9 ± 7.0 46.5 ± 7.4 46.5 ± 9.3 48.8 ± 12.2 

PaO2/FiO2            

                        

MKB 

EMM 

mmHg 203 ± 36 

130 ± 35 

343 ± 71 

195 ± 97 

339 ± 84 

220 ± 56 

329 ± 82 

205 ± 52 

325 ± 93 

199 ± 43 

PaCO2-PECO2   

                             

MKB 

EMM 

mmHg 15.7 ± 11.0 

24.1 ± 18.4 

19.8 ± 7.3 

20.9 ± 7.2 

22.8 ± 4.0 

26.9 ± 11.2 

22.4 ± 6.7 

25.8 ± 9.5 

24.4 ± 8.0 

31.9 ± 13.0 

PaO2: arterial tension of oxygen; PaCO2: arterial tension of carbon dioxide; FE´O2: end-
tidal oxygen tension; PE´CO2: end-tidal carbone dioxide tension; PaO2/FiO2: arterial 
oxygen tension to fractional exspired oxygen ratio; PaCO2-PECO2: arterial to end-tidal 
carbon dioxide tension gradient; mmHg: millimeters Mercury 
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There was a weak, but significant correlation between PaO2 and SpO2 in both groups 

(MKB: rho=0.426; P=0.002/ EMM: rho=0.326; P=0.031) (Figure 11). 

 

 

 

 

Figure 11. PaO2 and SpO2 recorded as means at time points 0/ 30/ 60/ 90/ 120 in 

impala (Aepyceros melampus) undergoing a medetomidine-ketamine-midazolam 

continuous intravenous anaesthesia (CII) of 120 minutes duration after induction with 

a medetomidine-ketamine-butorphanol (MKB) or etorphine-medetomidine-midazolam 

(EMM) combination. 
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Hyperglycaemia was seen in all animals at all times, but was worse in the MKB group 

(P=0.002) with a decrease over time (Table 7). 

Bloat was mild to moderate in all animals of both groups and only severe in one animal 

in the EMM group, where deflation by stomach tube was required. Differences between 

the groups were not statistically significant (Figure 12). 
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Figure 12. Bloat in impala (Aepyceros melampus) undergoing a medetomidine-

ketamine-midazolam continuous intravenous infusion anaesthesia (CII) of 120 minutes 

duration after induction with a medetomidine-ketamine-butorphanol (MKB) or 

etorphine-medetomidine-midazolam (EMM) combination.  

 

After induction, cortisol concentrations (Cort 1) were higher in the EMM compared to 

the MKB group regardless of the numbers of darts necessary for recumbency, but the 

difference was not statistically significant. Within the MKB group, Cort 1 was higher in 

animals receiving 1 dart compared to animals requiring 2 darts. In the EMM group, 

cortisol concentrations after induction (Cort 1) and before reversal (Cort 2) were both 

higher in animals receiving 1 dart compared to animals receiving 2 darts. Cortisol 

concentrations (Cort 2 vs Cort 1) decreased significantly over time in both groups 

(Figure 13; Table 9). 
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Figure 13. Mean ± SD plasma cortisol concentration in impala (Aepyceros melampus) 
after medetomidine-ketamine-butorphanol (MKB) or etorphine-medetomidine-
midazolam (EMM) induction (cortisol 1) and before reversal (cortisol 2) undergoing a 
medetomidine-ketamine-midazolam continuous intravenous infusion anaesthesia (CII) 
of 120 minute duration. Groups are divided in animals receiving 1 or 2 darts for 
induction. 
 

 

 

 

Cortisol 1 Cortisol 2

1 dart 61,24 4,34

2 darts 41,56 8,94

0

20

40

60

80

100

120

140

C
o

rt
is

o
l (

m
m

o
l/

L)

Cortisol concentration MKB

Cortisol 1 Cortisol 2

1 dart 91,54 8,41

2 darts 68,58 7,01

0

20

40

60

80

100

120

140

C
o

rt
is

o
l (

m
m

o
l/

L)

Cortisol concentration EMM



 

62 
 

In the MKB group the animals lactate levels after induction (Lac 1) were higher in 

animals receiving 1 dart compared to animals receiving 2 darts. Lac 1 was highest in 

the EMM animals receiving 2 darts. Serum lactate levels before reversal (Lac 2) were 

not significantly different between the groups or in animals receiving 1 or 2 darts. 

Lactate concentrations (Lac 2 vs Lac1) decreased significantly over time in both groups 

(Table 9). 

 

Table 9. Mean ± SD induction times and concentrations of cortisol and lactate after 

induction (cortisol/ lactate 1) and before reversal (cortisol/ lactate 2) of impala 

(Aepyceros melampus) undergoing a continuous intravenous infusion anaesthesia 

(CII) with a medetomidine-ketamine-midazolam after induction with medetomidine-

ketamine-butorphanol (MKB) or etorphine-medetomidine-midazolam (EMM). MKB and 

EMM groups are divided in animals receiving 1 or 2 darts for induction. 

 

 Induction time 

(min) 

Cortisol 1 

(mmol/L) 

Cortisol 2 

(mmol/L) 

Lactate 1 

(mmol/L) 

Lactate 2 

(mmol/L) 

MKB (1 dart) 708 ± 421 61.24 ± 58.5 4.34 ± 1.03 1.61 ± 1.71 0.30 ± 0.09 

MKB (2 darts) 1067 ± 522 41.56 ± 10.66 8.94 ± 5.56 1.29 ± 0.80 0.31 ± 0.09 

EMM (1 dart) 595 ± 202 91.54 ± 27.94 8.41 ± 3.08 1.08 ± 0.34 0.27 ± 0.11 

EMM (2 darts) 1000 ± 410 68.58 ± 49.83 7.01 ± 2.96 2.13 ± 1.20 0.24 ± 0.08 
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d) Recovery from anaesthesia 

 

Reversal time was 9.8 ± 6.0 minutes in the MKB and 6.3 ± 5.4 minutes in the EMM 

group, but times varied greatly from animal to animal (Figure 14).  
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Figure 14. Difference in reversal times of MKB (n=8) and EMM group (n=8)  in 

individual impala (Aepyceros melampus) undergoing a medetomidine-ketamine-

midazolam continuous intravenous infusion anaesthesia (CII) of 120 minutes duration 

after induction with a medetomidine-ketamine-butorphanol (MKB) or etorphine-

medetomidine-midazolam (EMM) combination. Reversal time was shorter in MKB if 

the bar is visible under baseline and shorter in EMM, if the bar is visible over baseline. 

 

Early recovery (administration of antagonists until first attempt to stand) was 

characterised by calm transition to uncoordinated whole body movements in both 

groups. Animals showed normal gait to considerable ataxia with unsteady gait in both 

groups during late recovery (from first attemt to stand to joining the herd). Only one 

animal in the EMM group was unable to stand for 66 minutes after administration of 

the opioid antagonists. The differences in recovery scores were statistically not 

significant. 
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V. DISCUSSION 

 

 

In this study a drug combination for immobilisation was established, that is comparable 

to potent opioids in induction time, but less cardiopulmonary adverse effects were 

seen. The continuous intravenous infusion anaesthesia proved adequate for surgical 

procedures, if the infusion rate is adapted to anaesthetic depth and recovery was 

uneventful in all animals with only moderate ataxia. Impala provided an ideal model to 

develop anaesthetic protocols that are safe and suitable for prolonged, invasive 

procedures, feasible for field and captive situations, and may be applicable to a wide 

variety of wild ungulate species. 

 

5.1. Animals 

 

The haematology and blood chemistry parameters (Table 3) of the impala were similar 

to their known reference values for this species (TEARE 2010; KARESH et al. 1997). 

Only lymphocytes and blood urea nitrogen were slightly elevated in most of the impala. 

ISMAIL et al. (2009) reported a leukocytosis after recovery from a combination of 

xylazine, ketamine and diazepam in sheep and goats and therefore the lymphocytosis 

in the impala may result from the effects of some of the drugs used. 

Body mass remained constant or improved in all but one animal between both 

anaesthetic trials (Figure 4), which suggests that feeding and housing were adequate 

for this species and that impala habituated well to housing conditions and anaesthetic 

procedures, a similar finding to other capture related studies (KNOX et al. 1993). 

Limitations of this study were a small sample size and the restriction of having to use 

female individuals owing to the feasibility of husbandry of a wild, harem-polygynous 

antelope species in captivity. But despite the small sample size, the findings of this 

study might not have differed, if a mixed group or a bachelor group were used. 
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5.2. Anaesthetic procedures 

 

5.2.1. Preliminary mock trial 

 

Induction doses were confirmed to be adequate for the EMK and MKB combinations. 

EMK had to be changed to EMM as severe cardiopulmonary side effects were seen 

during anaesthesia of the first 4 animals (see 5.2.2). 

 

5.2.2. Preliminary etorphine-medetomidine-ketamine trial 

Originally we planned to compare a combination of medetomidine and ketamine with 

either etorphine (EMK) versus butorphanol (MKB) for induction. The EMK trial was 

discontinued after anaesthesia of four animals because surgical anaesthesia could not 

be achieved in 3 of 4 animals and the impala showed severe cardiopulmonary side 

effects.  

Three of four animals required the butorphanol upon recumbency to partially reverse 

etorphine`s effects and reduce respiratory depression (HAW et al. 2014; MILLER et al. 

2013; ZEILER et al. 2015; BUCK et al. 2016). The induction time was almost twice as 

long (19.9 minutes) compared to the other trials (EMM: 11.0 minutes; MKB: 9.5 

minutes) and the animals showed elevated body temperatures after induction (39.7°C), 

likely due to the long period of a high locomotor activity during induction (MEYER et al. 

2008). Confirming the increased stress, cortisol concentrations were higher after 

induction and before reversal than in both other groups. In addition, lactate was close 

to values that are considered indicative for capture myopathy (WOLFE 2015).  

Intubation was very difficult in all animals due to jaw stiffness and swallowing and 

supplemental anaesthetic drugs (boluses of midazolam and ketamine) had to be given. 

Jaw stiffness was also seen in impala immobilised with thiafentanil and 4 out of 9 

animals required midazolam to help with the intubation process (ZEILER et al. 2015). 

This was one of the reasons why midazolam was added to the induction protocol of 

EMM. 
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Furthermore nociception was seen in 3 of the 4 animals at all time points, even though 

the drip rate was not decreased and supplemental boluses of ketamine and midazolam 

were administered.  

Although tidal volume and minute volume were much higher than in the EMM and MKB 

trials and oxygen was supplemented from the beginning of the CII, PaO2 never 

exceeded 100 mmHg in EMK animals. The PaO2/FiO2 was similar to the animals in the 

EMM group after the initial reading and suggests that hypoxaemia was caused by right-

to-left-shunting or V/Q-mismatching (YAMASHITA et al. 2007). It is difficult to say why 

the difference of PaCO2-PECO2 were lower than in the MKB and EMM groups at the 

beginning but it increased over time, supporting the theory the other causes for 

hypoxaemia were to blame not just hypoventilation (YAMAUCHI et al. 2011).  

 

5.2.3. Data collection trials 

 

a) Induction of anaesthesia 

 

Immobilisation was successfully achieved with both MKB and EMM combinations. One 

animal died 45 minutes after immobilisation with EMM, although it was monitored 

closely, immediately and fully reversed and cardiopulmonary resuscitation was started 

instantly when cardiac arrest was noted just after approach. Severe cardiopulmonary 

side effects (including cardiac arrest; PEARCE et al. 1989) are occasionally seen with 

potent opioids and impala appear to belong to the highly susceptible species (MEYER 

et al. 2008; MEYER et al. 2010). One of the aims of this study was to evaluate an 

alternative induction protocol, that is not reliying on potent opioids to avoid mortalities 

as seen in the recent study. 

Induction time with potent opioids in general is reported to be 2-10 minutes (KOCK and 

BURROUGHS 2012; COOPER et al. 2005; CITINO et al. 2001; GROBLER et al. 

2005). However, thiafentanil can generate induction times under 3 minutes in impala, 

but cardiopulmonary side effecs like hypoventilation are seen (JANSSEN et al. 1993).  

MEYER et al. (2008) anaesthetised impala with a combination of etorphine and 

medetomidine (doses similar to the EMM protocol) and reported similar induction times 
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to those in the EMM protocol. Onset times in impala are much shorter when double the 

dose of etorphine is used for induction, but severe cardiopulmonary side effects are 

seen (MEYER et al. 2010). These findings indicate that the induction time is dose-

dependant whenever potent opioids are used for immobilisation (KOCK and 

BURROUGHS 2012).  

Similar induction times, compared to drug combinations of potent opioids, were 

reported in addax immobilised with medetomidine and ketamine (PORTAS et al. 2003). 

Induction times were a little shorter in Thomson`s gazelles immobilised with a 

combination of medetomidine, ketamine and butorphanol (CHITTICK et al. 2001). In 

general, combinations of medetomidine and ketamine show variable efficacy when 

used for immobilisation of wild ungulate species (BERTHIER et al. 1996). 

Immobilisation with this combination appears to be species-dependant; higher doses 

have to be used in small and nervous species (PERRIN et al. 2015), while larger and 

calm species require lower doses (PORTAS et al. 2003). The negative feedback 

mechanism of 2-agonists can be overridden by high noradrenaline levels (CLARKE 

et al. 2014). Therefore, excessive activation of the sympathetic nervous system, as a 

response to a stressor, might prevent an animals becoming recumbent during 

immobilisation. Therefore, the success of this combination is dependant on 

environmental stimuli which can lead to unreliable and unpredictable outcomes in field 

situations. An etorphine-acepromazine combination was the superior protocol in 

captive impala because onset time was quicker and recumbency was more reliable 

than with a combination of medetomidine-ketamine but considerably lower doses of 

medetomidine may explain the different results compared to the recent study (PERRIN 

et al. 2015). Mean induction times of both of the protocols in this study were feasible 

for zoo or boma situations, but may be too long in bushy habitats where animals have 

to be tracked until recumbency. 

BUSH et al. (2004) added 7500 IU of hyaluronidase to a combination of medetomidine 

and ketamine which reduced induction times and should be considered if the protocols 

used in this study are used in animals in the field. In addition, the 2-agonists, like 

medetomidine induce peripheral vasoconstriction (KÄSTNER et al. 2006) which 

reduces intramuscular drug absorption. Therefore, vasodilators like azaperone or 
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acepromazine may be added to our protocols to increase absorption and reduce 

induction times (MARNTELL et al. 2005).  

 

A precise comparison of immobilisation quality and statistical analysis of the induction 

time induced by the two drug protocols were limited in this study by equipment failure. 

Incomplete voiding of some darts (three darts in each protocol) prevented a 

standardised comparison of the observations. If a dart did not void completely and the 

animal was immobilised with this dose, the rest of the drug combination was 

administered IM just after approach. These animals were excluded from statistical 

analysis of the induction time. 

 

Opioid-induced respiratory depression accompanied with chest wall rigidity (CORUH 

et al. 2013) was only seen in the EMM group and was resolved by administration of 

the partial opioid agonist-antagonist butorphanol (HAW et al. 2014, MILLER et al. 

2013; ZEILER et al. 2015; BUCK et al. 2016). 

Intubation was easily performed in all animals. However, the length of the muzzle and 

opioid-induced jaw stiffness will make this procedure challenging for an inexperienced 

clinician. Stabilisation of the ET-Tube with a stylet and a Miller-blade laryngoscope 

proved to be very successful instruments and jaw stiffness in the EMM group was 

reduced by early administration of butorphanol.  

 

b) Maintenance of anaesthesia 

 

Maintenance of anaesthesia with the intravenous medetomidine-ketamine-midazolam 

CII produced surgical anaesthesia for 120 minutes under field and zoo conditions and 

seems to be a good alternative to gaseous maintenance, however, the drip rate may 

have to be individually adjusted to adapt anaesthetic depth and oxygen must be 

supplemented. This combination is feasible for zoo and field conditions because the 

infusion pump can easily be substituted by a normal infusion administration set, where 

drops/minute can be calculated and an adequate fluid rate can be determined. 
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Red deer were successfully anaesthetised using a total intravenous anaesthesia 

(TIVA); after induction with tiletamine, zolazepam and xylazine, maintenance of 

anaesthesia for longer than 60 minutes was achieved by a CRI of midazolam, ketamine 

and xylazine or detomidine (AUER et al. 2010). The authors of this study suggested to 

replace xylazine and detomidine with medetomidine, as the 2-component, to 

decrease induction times, to minimise stress and to improve cardiovascular stability 

because medetomidine has a higher selectivity for 2-receptors (WALSH et al. 2002). 

In medetomidine, tiletamine and zolazepam or xylazine, tiletamine and zolazepam 

anaesthetised fallow deer, the medetomidine combination was superior as it caused 

greater surgical reliability, lower lactate and cortisol levels than the xylazine 

combination (FERNANDEZ-MORAN et al. 2000). Therefore, based on these findings 

we selected medetomidine for this study.  

 

In the current study most of the animals (6/9 in the EMM treatment and 5/10 in the 

MKB treatment) showed response to noxious stimulation before the start of the CII. 

While none of the animals reacted to painful stimuli after the start of the CII in the EMM 

treatment, 3/10 animals in the MKB treatment still showed insufficient analgesia up to 

the end of the CII. A limitation of this study was that the research design only provided 

for a step-wise decrease of the CII rate when no painful response was elicited. When 

a response was elicited the CII rate was maintained but not increased. A better 

approach would have been to also allow an increase of the infusion rate until no 

response was elicited. Three out of 9 impala undergoing a TIVA of medetomidine, 

ketamine and etorphine, after induction with thiafentanil and medetomidine, also 

showed nociception during maintenance of anaesthesia. An upward titration of the CII 

reduced the nociceptive reponses in all the animals (ZEILER et al. 2015). Propofol was 

administered to effect in thiafentanil and medetomidine immobilised impala undergoing 

a medetomidine-ketamine CII (BUCK et al. 2016). This method of titrating the CII 

upwards could be performed in future studies using this protocol. 

We believe that in practice the anaesthetic depth could easily be adapted with an 

increase of the infusion rate depending on the noxious intervention and individual pain 
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reactions. In addition, the administration of additional analgesics could help during the 

early phases of the CII and prevent hyperalgesia.  

 

c) Cardiopulmonary measurements 

 

Hypoxaemia (PaO2< 60 mmHg; CLARKE et al. 2014) occurred in both groups initially. 

Mule deer anaesthetised with either carfentanil and xylazine or medetomidine and 

ketamine  showed hypoventilation and hypoxaemia (CAULKETT et al. 2000).  Although 

hypoxaemia resolved after the initial blood gas reading due to supplementation of 

oxygen, hypercapnia worsened over time and was worse in the EMM group. Opioid-

induced respiratory depression was successfully treated with butorphanol, a mixed 

opioid -agonist µ-antagonist, in white rhinoceros, where chest wall rigidity and 

respiratory rates improved significantly upon its administration (HAW et al. 2014; 

MILLER et al. 2013) and in impala (ZEILER et al. 2015; BUCK et al. 2016). 

Other reasons for hypoxaemia than hypoventilation are ventilation-perfusion mismatch 

(V/Q-mismatch), right-to-left shunting, diffusion impairment or increased oxygen 

consumption (CLARKE et al. 2014). The significant gap between arterial to end tidal 

carbon dioxide tension could indicate that dead-space ventilation or severe right-to-

left-shunting occurred in the impala (YAMAUCHI et al. 2011).  

Intrapulmonary shunting and pulmonary hypertension can be generated by potent 

opioids (MEYER et al. 2015). PaO2 remained relatively low in the EMM treatment 

although oxygen was supplemented (expected PaO2 > 175 mmHg for 50% inspired 

oxygen), which could be due to the common side effects of potent opioids including  

lower respiratory rates, chest wall rigidity (CORUH et al. 2013), greater dead space 

ventilation (BUSS et al. 2001), V/Q mismatch caused by pulmonary hypertension and 

intrapulmonary shunting (MEYER et al. 2015).   

In addition, an increased oxygen consumption due to a high locomotor activity and 

muscle tremors during the EMM immobilisation could have contributed to hypoxaemia 

(BLANE et al. 1967; MEYER et al. 2008).  

The 2-agonists can also generate pulmonary hypertension and right to left shunting 

in sheep (CELLY et al. 2001; KÄSTNER et al. 2006). The combination of potent opioids 
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and 2-agonists could have compounding effects that manifest as profound pulmonary 

hypertension. Atelectasis formation causing right to left shunting is a common finding 

in anaesthetised humans and horses, especially if they are allowed to breathe 

spontaneously during anaesthesia (MAGNUSSON et al. 2003). Hypoxaemia during a 

medetomidine-ketamine-midazolam constant rate infusion (CRI) in horses was 

described as a result from intrapulmonary shunting and V/Q-mismatch (YAMASHITA 

et al. 2007). The inadequate PaO2:FiO2 ratio in the impala supports these findings 

(normal >300 mmHg; FANELLI et al. 2013); while it was insufficient at the beginning in 

both groups, it improved over time in the MKB treatment but remained insufficient for 

the entire period of monitoring in the EMM treatment. The validity of this ratio is limited 

because we used an estimated FiO2 which was derived from the FE´O2 as the PF ratio 

required an inspired fraction of oxygen (oxygen was supplemented within the trachea, 

so that the inspired oxygen value was not representative) and the assumption of a 

constant oxygen consumption. JACOBS et al. (1999) described the estimation of FiO2 

from FE´O2.  

Also sampling times for PaO2 and FE´O2 were not precisely synchronised (taken within 

5 minutes of each other). Araos et al. (2012) reported that shunt fraction is lowest 

between FiO2 of 0.4-0.6 in anaesthetised sheep. In the current study FiO2 was 

approximately 0.5. V/Q-mismatching was decreased by administration of 

acepromazine in horses anaesthetised with tiletamine, zolazepam and romifidine 

(MARNTELL et al. 2005). This adjunct should be tested in future studies to reduce 

anaesthetic adverse effects like shunting and V/Q-mismatching in impala anesthetised 

with the studied, but especially the EMM protocol.  

Either the intravenous ketamine loading bolus, and, or delayed etorphine effects could 

have been responsible for the initial apnoea after the start of the CII in the EMM 

treatment (BERGMAN et al. 1999; MEYER et al. 2008). A possible ketamine-induced 

apnoea might be avoided with a reduction of the IV ketamine bolus to 1 mg/kg (ZEILER 

et al. 2015), very slow IV injection or IM injection.  
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Further limitations of the gas exchange measurements included that the nasogastric 

tube, that was used for supplementation of oxygen, did alter the volume of the pitot 

tube, but this alteration was the same in all animals and a group comparison could be 

justified. The diameter of the feeding tube was minimal, yet the values measured can 

only illustrate a trend of information and not exact values. Chest and abdominal wall 

motion was observed during the respiratory efforts to determine if the values obtained 

were likely true. The two treatments have vastly different tidal volumes and respiratory 

efforts, which is of clinical interest.  

In addition dilution of the PECO2  has to be considered. The PECO2 was measured while 

observing the capnograph wave tracing in real-time to verify that the value recorded 

was displayed at the last point of exhalation. The capnograph exclusively measured 

the PECO2 within the gas sample. Therefore the PECO2 could only have originated 

from the alveoli participating in gas diffusion. Nevertheless we assume that the dilution 

was approximate the same in all animals over time, so that in our opinion a comparison 

is acceptable, because we did not describe determination of a standard value.  

 

Bradycardia as seen in in both protocols of this study is common in protocols with an 

2-agonist-component due to initial hypertension and a consecutive baroreceptor 

reflex (CHITTICK et al. 2001; WALSH et al. 2002; WHITE and TAYLOR 2000). 

However, in conjunction with the high blood pressures the administration of 

parasympatholytics (atropine or glycopyrrolate) to resolve this bradycardia is 

controversial as these drugs increase the cardiac output and exacerbate hypertension 

(WOLFE et al. 2015) and can even cause cardiac arrhythmias (CONGDON et al. 

2011). 

Positioning during anaesthesia is important to avoid bloating in ruminants and prevent 

subsequent cardiovascular and respiratory impacts. Lateral recumbency is not the best 

body position for ruminants because eructation might be impeded and dorsal 

recumbency might even worsen hypoxaemia (CAULKETT et al. 2003; BRAUN et al. 

2009). Impala were not starved before immobilisation as suggested by CAULKETT et 

al. (2003) because study conditions did not allow this. Most of the animals showed 
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moderate bloating that might have slightly compounded hypoxaemia due to a 

compression of the lungs.  

The hyperglycemia in both protocols was most likely due to the 2-agonists´s effect on 

insulin secretion from pancreatic  cells, resulting in reduction of the glucose transport 

into the cells (JANOVSKY et al. 2000), but it was not the major concern in this study 

(maximum: 2.5 times above baseline). In reindeer, serum glucose levels were 2.5 times 

above baseline 60 minutes after immobilisation with medetomidine but returned back 

to baseline concentrations 12 hours after antagonised recovery with atipamezole 

(ARNEMO et al. 1999). In addition, hyperglycemia can also be caused by stress 

(WHITLOCK et al. 1972), which may also have contributed to the high serum glucose 

levels in this study. 

Plasma cortisol concentration is commonly measured as an indicator of the magnitude 

of the stress response to capture  in various wildlife species (MORTON et al. 1995). In 

general, impala seem to habituate to capture procedures (KNOX et al. 1993, MEYER 

et al. 2008). In this study, cortisol concentrations were elevated in both groups 

compared to impala that were manually restrained in the field (11 ± 3 nmol/l) 

(HATTINGH et al. 1988), which is contrary to Morton et al. (1995), who found that 

chemical immobilisation is less stressful than manual restraint. An increase in the dose 

of etorphine and additional hyaluronidase significantly decreased induction time and 

capture stress in black rhinoceros (KOCK 1992), but if higher opioid doses are used in 

impala, they show severe cardiopulmonary side effects (MEYER et al. 2008).  

Surprisingly, animals receiving only one dart showed higher cortisol concentrations 

compared to animals that got two, in both groups. Stress levels were expected to be 

higher in animals receiving two darts as they had increased induction times. This 

finding indicates that the cortisol response is greatest at exposure to the first dart and 

by the second dart the initial response might already be waning or the drugs of the first 

dart might have resulted in a sedative effect and reduced the stress response to further 

darting. Initial hypoxaemia induced by anaesthetic drugs may also play a role in the 

development of high cortisol levels in ruminants, because low PaO2 levels present a 

significant sympathetic stimulus (XIE et al. 2001). Cortisol values came back to normal 

4 hours after administration of atipamezole (ARNEMO 1999). Cortisol concentration 
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decreased significantly in impala during the 120 minutes maintenance period 

regardless of the protocol and number of darts the impala received. This decrease has 

also been observed in ponies and buffaloes undergoing TIVA (TAYLOR et al. 1995; 

MALIK et al. 2011). This decrease of the cortisol concentration is caused by the central 

sympatholysis due to the anaesthetic drugs (especially 2-agonists). 

Lactate is produced during the anaerobic metabolism and concentrations increase 

after exertion, muscle tremors or in hypoxaemic animals and high lactate 

concentrations can cause a metabolic acidosis and destruction of the muscle tissue. 

Myoglobin is released from the damaged muscles and can be found in the blood and 

later in the urine, which might provoke an acute failure of the kidney function. Lactate 

is a valuable parameter to indicate possible capture myopathy, which is a big concern 

in capture and restraint of wild animals, and lactate concentrations above 5.0 mmol/L 

are associated with a poor prognosis. Animals either die shortly after exertion from the 

metabolic acidosis or a myocardial damage or later from a kidney failure. The most 

susceptible species seem to be reedbuck, roan, sable, tsessebe, hartebeest, kudu, 

nyala, impala, black rhinoceros and giraffe (WOLFE 2015; KOCK, BURROUGHS 

2012). In the MKB group, serum lactate levels were higher after induction in animals 

receiving one dart compared to animals receiving two darts. At least, in this protocol, 

time to induction does not appear crucial in the development of lactate. However, in 

the EMM group serum lactate levels were twice as high in animals receiving two darts 

than in animals receiving one dart, most likely due to increased duration of 

hyperlocomotive activity and muscle rigidity. Lactate decreased significantly over 120 

minutes in both groups and values returned back to an appropriate level indicating 

adequate oxygen supply in tissues and adequate liver perfusion and metabolism of 

lactate during the anaesthetic maintenance phase. 
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d) Recovery from anaesthesia 

 

A continuous intravenous infusion anaesthesia is preferred for long-term anaesthesia 

compared to maintenance with top-up boluses of anaesthetic drugs as it is easier to 

maintain plasma concentration of the different drugs and minimise accumulation of 

these drugs (AUER et al. 2010). Reversal times showed large individual differences 

within both groups, but mean reversal time was shorter in the EMM group. Since the 

2-agonist and opioid components were fully reversed and the benzodiazepine 

component was similar in both protocols, the differences in recovery times may have 

been due to the fact that the dose of ketamine, before the CII, was more than twice as 

high in the MKB (4.3 ± 1.0 mg/kg), than in the EMM (2.0 mg/kg) protocol and there 

were different routes of administration (IM via dart in MKB and IV loading dose bolus 

in EMM). The elimination half-life of ketamine is reported to be 55-100 minutes after 

IM and IV injection in different species (CLARKE et al. 2014; JANTZEN et al. 1985; 

SELLERS et al. 2010). Therefore the initial ketamine injection would have waned by 

the end of the 120 minute anaesthesic procedure, but ketamine was added in the CII 

and therefore differences in its metabolism between the groups may have occurred 

based on the differences in the total dose received in each group. Unfortunately 

pharmacokinetic assessment of the drugs was not part of this study and therefore 

these effects can only be assumed. Ketamine is metabolised to the active metabolite 

norketamine in the liver and accumulation after prolonged infusion of ketamine might 

produce ataxia (CLARKE et al. 2014). Anaesthesia in ponies was maintained with a 

climazolam-ketamine CRI for 120 minutes after premedication with xylazine and 

acepromazine and induction with climazolam and ketamine and some individuals 

showed ataxia and excitement during recovery (BETTSCHART-WOLFENSBERGER 

et al. 1996). Pharmacokinetic studies assessing the level of drug accumulation during 

CII would be needed to explain the individual differences in recovery score and time 

and the considerable ataxia that was seen in some animals.  

The elimination half-life of midazolam is reported to be 77 and 98 minutes after IV 

administration in dogs and alpacas (0.5 mg/kg) respectively, and 234 minutes after IM 

administration in alpacas (0.5 mg/kg) (AARNES et al. 2013; HALL et al. 1988). The 
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animals in this study received a maximum of 0.3 mg/kg midazolam during the EMM 

protocol and less than 0.1 mg/kg in the MKB protocol. An accumulation of midazolam 

or its metabolites only seems to play a role in patients suffering from kidney or liver 

disease (BAUER et al. 1995; BYRNE et al. 1984). Antagonists of benzodiazepines like 

flumazenil are not available in all countries and are expensive due to the fact that large 

volumes would be necessary to antagonise the dose of midazolam used in wild 

antelope immobilisation and anaesthesia as in the EMM protocol we used.  

Both the initial midazolam used in the EMM induction, as well as the midazolam used 

in the CII were unlikely to be entirely metabolised by the end of the 120 minute 

anesthetic procedure. Their potential residual effect did not seem to prolong or impair 

the recovery, but may have contributed to ataxia. In this study quality of recovery varied 

from a calm transition to uncoordinated whole body movements during early recovery 

and from normal gait to considerable ataxia during late recovery in both groups. 

For both drug protocols the recoveries were acceptable for zoo and farm conditions, if 

no predators are present and surroundings allow a quiet recovery. Recovery time and 

quality were not adequate for field situations where predators are present because 

slow recovering animals might be an easy prey for them. It is not recommended to 

recover the animals in bushy habitats where they might hurt themselves, if ataxia leads 

to uncoordinated walking, especially if animals are arroused during recovery and 

attempt to flee when the antagonists effects are not complete. We advocate that 

animals receiving these protocols are recovered  in a quiet barn or boma and given 

enough time so they can recover completely before they are reunited with the herd or 

released into the field. 

BUSH et al. (2004) reported resedation in impala that were anaesthetised with 

medetomidine and ketamine and atipamezole was given at 2:1 mg medetomidine. 

They suggested to use the manufacturers recommended dose for dogs of 5:1 mg 

medetomidine as performed in this study. In the current study no renarcotisation was 

observed. 
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5.3. Conclusion 

Impala were successfully immobilised with both treatments consisting of either 

medetomidine-ketamine-butorphanol (MKB) or etorphine-medetomidine-midazolam 

(EMM), but the EMM combination caused more severe cardiopulmonary side effects 

during the whole anaesthetic period. One animal died immediately after EMM 

induction. The anaesthesia was maintained for 120 minutes with a continuous 

intravenous infusion (CII) containing a medetomidine-ketamine-midazolam 

combination, that was evaluated adequate for surgical procedures, if the CII is adapted 

to anaesthetic depth (especially required for the MKB protocol). Induction with a 

etorphine-medetomidine-ketamine (EMK) combination before the start of the CII is not 

advisable. Oxygen supplementation is suggested and recovery under controlled 

conditions is recommended as recovery might be prolonged and animals might suffer 

from ataxia.  
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VI. SUMMARY 

 

6.1. Summary 

Christina Gerlach 

Continuous intravenous infusion anaesthesia following two different protocols for 

immobilisation in impala (Aepyceros melampus) 

Two different protocols for induction and maintenance with a continuous intravenous 

infusion (CII) were evaluated in wild-caught impala (Aepyceros melampus). Ten adult 

female impala were induced with two different induction protocols (cross-over design): 

the MKB protocol consisted of 0.2 mg/kg medetomidine and 4 mg/kg ketamine and 

0.15 mg/kg butorphanol, whereas the EMM protocol consisted of 0.0375 mg/kg 

etorphine and 0.2 mg/kg medetomidine and 0.2 mg/kg midazolam. In both groups the 

anaesthesia was maintained with a CII at an initial dose rate of 1.2 µg/kg/h 

medetomidine, 2.4 mg/kg/h ketamine and 36 μg/kg/h midazolam. Partial reversal was 

achieved with naltrexone (2:1 mg butorphanol; 20:1 mg etorphine) and atipamezole 

(5:1 mg medetomidine). Evaluation of anaesthesia included respiratory rate, heart rate, 

rectal temperature, arterial blood pressure, oxygen saturation, end tidal carbon dioxide 

tension and tidal volume at 5 minute intervals, palpebral reflex and response to painful 

stimuli at 15 minute intervals and arterial blood gases at 30 minute intervals. Plasma 

cortisol concentration was determined after induction and before reversal. Duration 

and quality of induction and recovery were evaluated. EMM resulted in a faster 

induction of 9.5 ± 2.9 minutes compared to 11.0 ± 6.4 minutes in MKB group. Recovery 

was also quicker in EMM (EMM: 6.3 ± 5.4 minutes; MKB: 9.8 ± 6.0 minutes). However, 

EMM also produced more severe cardiopulmonary side effects like hypoxaemia and 

hypercapnia and calculated oxygenation indices (PaO2:FiO2; PaCO2-PECO2) were 

worse than in the MKB protocol. The CII provided surgical anaesthesia in 7/10 animals 

in MKB and in 9/9 animals in EMM for 120 minutes. In conclusion, the MKB protocol 

has advantages for prolonged anaesthesia in impala as the anaesthetic depth can 

easily be adjusted by an increase of the CII and it shows less cardiopulmonary 

depression. 
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6.2. Zusammenfassung 

 

Christina Gerlach 

Kontinuierliche intravenöse Infusionsanästhesie nach Einleitung mit zwei 

verschiedenen Immobilisationsprotokollen bei Impalas (Aepyceros melampus) 

 

6.2.1 Einleitung 

 

Kurzzeitnarkosen werden normalerweise bei verscheidenen Antilopenarten für kurze 

und nicht-invasive Eingriffe eingesetzt. Eine möglichst kurze Einleitungszeit ist dabei 

wichtig um Aufregung, Hyperthermie und Traumata zu vermeiden. Bisher wurden vor 

allem auf Opioiden basierende Protokolle in Kombination mit 2-Agonisten oder 

verschiedenen Tranquilizern beschrieben. Impalas erscheinen besonders anfällig für 

eine Opioid-induzierte Atemdepression, die bei Breitmaulnashörnern erfolgreich mit 

Butorphanol behandelt werden konnte.  

Für längere und schmerzhafte Eingriffe wird eine Inhalationsanästhesie empfohlen, 

um eventuell autretenden Komplikationen (Hypoxämie) entgegen steuern zu können. 

Dies ist in Feld- und Stallsituationen technisch nicht immer möglich, sodass 

Anästhetika je nach Anästhesietiefe in Form von Boli verabreicht werden, um die 

Anästhesie aufrecht zu erhalten, was zu sehr unterschiedlichen Anästhesietiefen und 

den damit einhergehenden Komplikationen führt. 

Ziel dieser Studie war es eine sichere, reversible und zuverlässige kontinuierliche 

intravenöse Infusionsanästhesie (CII) für Impalas zu bewerten. Desweiteren standen 

eine schnelle Einleitung, eine intravenöse Aufrechterhaltung eine ruhige 

Aufwachphase und eine Alternative zu potenten Opioiden im Fokus dieser Studie. 

 

6.2.2 Material und Methoden 

 

Die Versuche wurden durch das Ethik-Komittee der Universität von Pretoria genehmigt 

und fanden zwischen dem 23.06.2014 und dem 25.07.2014 an der Universität von 

Pretoria in Südafrika statt. Fünfzehn weibliche adulte und subadulte Impalas wurden 
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auf einer privaten Wildfarm in Südafrika gefangen. Die Tiere wurden für einen Zeitraum 

von 3 Monaten in einem Gehege (Boma) an der Universität von Pretoria gehalten. Das 

Boma bestand aus zwei Abteilen (10x30m und 20x30m), die durch Schwingtüren 

verbunden waren. Die Wände bestanden aus einem 2,7 m hohen Windfangzaun. Den 

Tieren stand frisches Wasser, Heu und Luzerne ad libitum zur Verfügung und 

Antilopenpellets wurden nach Bedarf gefüttert (ca. 100 g/Tier/Tag). Vor Beginn der 

Studie wurden die Impalas 30 Tage an die Gegebenheiten, die Anwesenheit von 

Menschen und das Distanzimmobilisationsgewehr gewöhnt. Zehn der 15 Tiere wurden 

zufällig ausgewählt, um an der Studie teilzunehmen. Die hier beschriebenen 

Ergebnisse stammen aus den ersten beiden von insgesamt vier Anästhesieversuchen. 

Zwischen den Versuchen lagen jeweils zwei Wochen.  

Jedes Tier wurde einmal mit jedem Protokoll anästhesiert. Die Tiere hatten bis zur 

Anästhesie freien Zugang zu Futter und Wasser, einzig die Pellets wurden spätestens 

12 Stunden vorher gefüttert. Für die Induktion wurden alle Impalas in das kleinere 

Abteil des Bomas gebracht und das ausgewählte Tier wurde mit einem 3 ml 

Injektionspfeil und einem Distanzimmobilisationsgewehr injiziert. Die Anästhesie 

wurde mit zwei verschiedenen Protokollen eingeleitet: MKB bestand aus 8 mg 

Medetomidin, 160 mg Ketamin und 6 mg Butorphanol pro Tier während EMM 1,5 mg 

Etorphin, 8 mg Medetomidin und 8 mg Midazolam pro Tier beinhaltete. Alle Tiere 

wurden auf 40 kg geschätzt. Etorphin wurde direkt nach dem Zugriff mit Butorphanol 

(1:1mg Etorphin) teilreversiert. Außerdem bekamen die Tiere vor Beginn der CII einen 

Bolus von 2 mg/kg Ketamin IV im EMM Protokoll. Falls sich die Impalas innerhalb von 

15 Minuten noch nicht hingelegt hatten, wurde mit der halben oder der vollen Dosis 

nachdosiert, je nach Grad von Ataxie und Sedation. Sobald das Tier lag, wurde die 

restliche Herde in das benachbarte Boma-Abteil gebracht.  

Das anästhesierte Impala wurde in Brustlage gehalten, die Augen wurden abgedeckt 

und die Ohren verschlossen. Die V. cephalica wurde aseptisch katheterisiert und es 

wurde eine Blutprobe entnommen um später die Stressantwort der Tiere auf beide 

Protokolle beurteilen zu können.  

Die Überwachung der Tiere begann noch im Boma mittels Auskultation, Puls-

Oximetrie und Thermometrie. Die Zeiten bis zum ersten sichtbaren Effekt, einer Ataxie, 
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Seitenlage und Zugriff wurden notiert. Dann wurde das Tier mit einem Auto in den 

Behandlungsraum gebracht. Dort wurde es gewogen und nach Intubation (Größe 8) 

und Katheterisierung der A. auricularis in rechter Seitenlage auf den Behandlungstisch 

gelegt. Der Katheter in der A. auricularis diente einer direkten Blutdruckmessung sowie 

der Gewinnung arteriellen Blutes für eine Blutgasmessung bei Beginn der CII und dann 

im Abstand von 30 Minuten. Das Blutgasmessgerät konnte den partiellen 

Sauerstoffdruck, den partiellen Kohlendioxiddruck, den pH, Glukose, Laktat und 

Kreatinin messen, sowie die Bikarbonatkonzentration errechnen. Sauerstoff wurde 

mithilfe einer Ernährungssonde (8 Gauge), die tief in den endotrachealen Tubus 

eingeführt wurde, verabreicht (2 l/min). Folgende Parameter wurden von einem 

Multiparameter-Monitor abgelesen: Herzfrequenz, Atemfrequenz, Blutdruck, 

Atemzugvolumen sowie die exspiratorische Kohlendioxid- und 

Sauerstoffkonzentration. Die Sauerstoffsättigung des Gewebes wurde mittels eines 

Pulsoximeters erfasst und die Körpertemperatur wurde mit einer Rektalsonde 

gemessen. Alle Werte wurden in einem Abstand von 5 Minuten erhoben. Die Differenz 

zwischen dem arteriellen Kohlendioxiddruck und dem exspiratorischen 

Kohlendioxiddruck sowie das Verhältnis von arteriellem Sauerstoffdruck zu 

inspiratorischem Sauerstoffanteil wurden berechnet.  

Für die CII wurden folgende Anästhetika in 1000 ml 0,9%ige Kochsalzlösung gegeben: 

0,5 mg Medetomidin, 1000 mg Ketamin und 15 mg Midazolam. Dies entspricht 0,5 

µg/ml Medetomidin, 1 mg/ml Ketamin und 15 µg/ml Midazolam. Die CII wurde in den 

ersten 20 Minuten mit einer Infusionsgeschwindigkeit von 2,4 ml/kg/h (1,2 µg/kg/h 

Medetomidin + 2,4 mg/kg/h Ketamin + 36 µg/kg/h Midazolam). Folgend wurde die 

Infusionsgeschwindigkeit alle 20 Minuten um 0,2 ml/kg/h verringert, falls die 

Anästhesietiefe ausreichend war. Insgesamt wurde die Anästhesie für 120 Minuten 

aufrechterhalten. Zusätzlich wurde isotonische Kochsalzlösung mit einer 

Infusionsgeschwindigkeit von 5 ml/kg/h verabreicht. Beide Infusionen wurden an 

intravenöse Katheter in der linken und rechten V. cephalica angeschlossen und über 

zwei verschiedene Infusionspumpen kontrolliert. Die Anästhesietiefe wurde anhand 

des Lidreflexes und eines Tiefenschmerzes beurteilt. Hierzu wurde mit einer 

Vulsellum- Klemme für jeweils 60 Sekunden oder bis zu einer Reaktion Druck auf die 
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Klaue (unter dem Koronarrand, über Phalanx 2) ausgeübt. Dieser Test wurde positiv 

beurteilt, wenn sich das Tier bewegte oder eine autonome Antwort (Anstieg in 

Herzfrequenz, Blutdruck) zeigte. Dann wurde die Infusionsgeschwindigkeit der CII 

beim nächsten Intervall nicht verringert bis der folgende Test negativ beurteilt werden 

konnte.  

Nach Ende der CII wurden die Tiere zurück zum Boma gebracht und in Brustlage mit 

gestrecktem Hals stabilisiert. Atipamezol wurde 10 Minuten nach dem Ende der CII IM 

verabreicht (5:1 Medetomidin) und Naltrexon 15 Minuten nach dem Ende der CII IM 

(2:1 Butorphanol; 20:1 Etorphin). Sobald der Schluckreflex zurückkehrte, wurde das 

Impala extubiert und die Augenbedeckung sowie die Ohrstöpsel wurden entfernt. Die 

Aufwachphase wurde von außerhalb des Bomas überwacht bis das Tier ohne Ataxie 

laufen konnte. Der Zeitpunkt der Reversierung, erste Anzeichen des Erwachens, 

Brustlage, Stehen sowie die Qualität der Aufwachphase wurden beurteilt. Die 

Ergebnisse sind als Mittelwert ± Standardabweichung (SD) dargestellt. Quantitative 

Daten wurden mithilfe des Anderson-Darling Tests auf Normalverteilung überprüft. Die 

Daten der beiden Protokolle wurden mit dem Wilcoxon-Signed-Rank Test 

ausgewertet. Die Korrelation zwischen zwei Variablen wurde anhand von Spearman`s 

rho berechnet. Der Effekt der Protokolle zu unterschiedlichen Zeitpunkten wurde 

mithilfe eines Linear Mixed Models dargestellt. Eine Bonferroni Korrektur wurde 

hinzugezogen um die P Werte für die post-hoc Vergleiche anzupassen. Die 

Ergebnisse wurden mit einem Signifikanz-Wert von 5% dargestellt. 

 

6.2.3 Ergebnisse 

 

Die Impalas wogen 38,0 ± 4,34 kg. Die Einleitung wurde mit beiden Protokollen 

erreicht: Medetomidin (0,214 ± 0,052 mg/kg), Ketamin (4,305 ± 1,035 mg/kg) und 

Butorphanol (0,162 ± 0,039 mg/kg) im MKB Protokoll und Etorphin (0,048 ± 0,017 

mg/kg), Medetomidin (0,257 ± 0,09 mg/kg) und Midazolam (0,257 ± 0,09 mg/kg) im 

EMM Protokoll. Alle Impalas erhielten während des EMM Protokolls Butorphanol 

(0,038 ± 0,003 mg/kg) IV um die Atemdepression zu verringern. Die Induktionszeit 

betrug 11 ± 6,4 Minuten im MKB Protokoll und 9,5 ± 2,9 Minuten im EMM Protokoll. 
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Während der MKB Einleitung zeigten die Impalas eine reduzierte Bewegung und 

Ataxie, bevor sie den Kopf hängen ließen und schließlich in Seitenlage fielen, während 

sie eine Hyperaktivität und Opisthotonus mit Ataxie zeigten, bevor es im EMM Protokoll 

zur Seitenlage kam. Ein Tier starb nach der EMM Einleitung. Eine pathologische 

Untersuchung ergab keinen Hinweis auf eine vorliegende Erkrankung. Die Anästhesie 

wurde in beiden Protokollen für 120 Minuten aufrechterhalten. Fünf von zehn Tieren 

im MKB Protokoll zeigten einen Tiefenschmerz zu Beginn der CII, während drei von 

zehn Impalas auch noch zu späteren Zeitpunkten eine Nozizeption zeigten. Im EMM 

Protokoll zeigten sechs von neun Tieren anfänglich einen Tiefenschmerz, aber keines 

zu einem späteren Zeitpunkt, sodass die Infusionsrate alle 20 Minuten verringert 

werden konnte. Im EMM Protokoll entwickelten alle Tiere eine Apnoe nach der 

Ketamin-Injektion. Die Tiere wurden manuell beatmet bis sie wieder eine 

Spontanatmung zeigten. In beiden Protokollen kam es zu einer Hypoxämie, obwohl 

den Tieren Sauerstoff zugeführt wurde. Der PaO2 war im MKB Protokoll über den 

gesamten Zeitraum deutlich höher. Die Atemfrequenz und das Atemminutenvolumen 

waren im EMM Protokoll deutlich geringer und das Atemzugvolumen war deutlich 

höher als im MKB Protokoll. Alle Tiere entwickelten im Verlauf der CII eine 

Hyperkapnie, die im EMM Protokoll deutlicher war. Das Verhältnis PaO2:FiO2 war im 

MKB Protokoll höher und stieg in beiden Protokollen über die Zeit an, während die 

Differenz PaCO2-PECO2 im EMM Protokoll deutlich höher war und auch in beiden 

Protokollen über die Zeit anstieg. Eine progressive leichte respiratorische Azidose 

entstand nur während des EMM Protokolls. Eine Hyperglykämie wurde bei allen 

Impalas beobachtet, aber war deutlich schlimmer im EMM Protokoll und verbesserte 

sich zum Ende der CII. Alle Tiere zeigten eine Bradykardie, die im MKB Protokoll 

deutlicher ausgeprägt war. Der Blutdruck war höher im MKB Protokoll. Eine leichte 

ruminale Aufgasung wurde bei allen Tieren beobachtet und nur ein Tier des EMM 

Protokolls musste mittels einer Schlundsonde abgegast werden. Die Kortisolwerte 

waren im EMM Protokoll höher. Außerdem hatten die Tiere, die mit einem Pfeil 

induziert werden konnten höhere Kortisolwerte, als die Tiere, die noch einen zweiten 

Pfeil bekamen. Die Kortisolkonzentrationen sanken während der CII. 
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Laktat war am höchsten bei den Tieren im EMM Protokoll, die zwei Pfeile erhielten. 

Auch die Laktatkonzentrationen sanken im Verlauf der CII.  

Die Aufwachphase dauerte 9,8 ± 6,0 Minuten im MKB und 6,3 ± 5,4 Minuten im EMM 

Protokoll, wobei es starke individuelle Unterschiede gab. 

 

6.2.4 Diskussion 

 

Die Anästhesieeinleitung war mit beiden Protokollen erfolgreich. Die Einleitungszeit 

kann durch eine Erhöhung der Opioiddosis verringert werden, aber folglich werden 

auch stärkere Nebenwirkungen beobachtet. Die Einleitungszeit ist also dosis-abhängig 

(MEYER et al. 2008; MEYER et al. 2010). Bisher beschriebene Protokolle mit 

Medetomidin und Ketamin sind in Dosis und Einleitungszeit sehr variabel und die 

Wirkung scheint spezies-abhängig zu sein (BERTHIER et al. 1996; CHITTICK et al. 

2001; PORTAS et al. 2003). Außerdem ist die Einleitung mit diesen Protokollen extrem 

anfällig, wenn die Tiere sehr gestresst sind (CLARKE et al. 2014). Die in dieser Studie 

beschriebenen Induktionszeiten sind ausreichend für Zoo- und Bomasituationen, aber 

zu lang für Feldanästhesien, bei denen die Tiere bis zur Seitenlage verfolgt werden 

müssen. BUSH et al. (2004) fügten Hyaluronidase zu einer Kombination aus 

Medetomidin und Ketamin, was zu bedeutend kürzeren Einleitungszeiten führte. 

Außerdem könnte ein Vasodilator wie z.B. Azepromazin oder Azaperon der durch 2-

Agonisten hervorgerufenen peripheren Vasokonstriktion entgegen wirken und somit 

die Induktionszeit verringern (KÄSTNER 2006; MARNTELL et al. 2005). Die durch 

Opioide hervorgerufene Atemdepression, die mit Thoraxsteifheit einhergeht, konnte 

erfolgreich mit der Verabreichung von Butorphanol behandelt werden (HAW et al. 

2014; MILLER et al. 2013).  

Auch nach Beginn der CII zeigten noch drei von zehn Tieren eine Nozizeption während 

des MKB Protokolls. Das Studiendesign ließ aber nur eine Verringerung der 

Infusionsrate und keine Erhöhung zu. Eine Anpassung der Infusion an die 

Anästhesietiefe ist jedoch leicht möglich, auch ohne Infusionspumpe mit einem 

normalen Infusionsbesteck kann dies erreicht werden.  
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Alle Tiere zeigten eine deutliche Hypoxämie, obwohl das Atemzugvolumen im 

Vergleich zu Schafen und Ziegen ausreichend war (CLARKE et al. 2014). Die 

Hyperkapnie wurde im Verlauf der CII sogar schlimmer, was auf eine zusätzliche 

Dysregulation außer der Hypoventilation hinweist. Andere Ursachen für eine 

Hypoxämie sind: ein Ungleichgewicht zwischen Belüftung und Lungendurchblutung 

(VQ-mismatch), ein Rechts-Links-Shunt, eine Einschränkung der Diffusion, vermehrter 

Sauerstoffverbrauch oder eine schlechte Lage des Tieres (CLARKE et al. 2014). Ein 

Rechts-Links-Shunt und pulmonale Hypertension sind bei Gabe von hochpotenten 

Opioiden beschrieben (LANCE et al. 2015; CORUH et al. 2013; BUSS et al. 2001; 

MEYER et al. 2015; READ et al. 2001). Außerdem verschlimmert die Hyperaktivität 

während der Induktionszeit die Hypoxämie durch eine Erhöhung des 

Sauerstoffverbrauchs (BLANE et al. 1967; MEYER et al. 2008). Auch 2-Agonisten 

können einen Rechts-Links-Shunt und pulmonlale Hypertension verursachen (CELLY 

et al. 2001; KÄSTNER 2006). Der Einsatz von einem potenten Opioid und einem 2-

Agonisten könnten also einen synergistischen Effekt im Bezug auf diese 

Nebenwirkungen haben. Die zusätzliche Gabe von Azepromazin könnte einen Rechts-

Links-Shunt und V/Q mismatch verringern (MARNTELL et al. 2005). 

Sowohl die Gabe des Ketamin-Bolus wie auch ein verzögerter Effekt des Etorphins 

können für die Apnoe nach Beginn der CII im EMM Protokoll verantwortlich sein 

(BERGMAN et al. 1999; MEYER et al. 2010). Eine Reduzierung der Ketamin-Dosis 

auf 1 mg/kg könnte ein Aussetzen der Atmung verhindern (ZEILER et al. 2015).  

Die Aufwachphase war insgesamt kürzer mit dem EMM Protokoll, was daran liegen 

könnte, dass diese Tiere initial weniger Ketamin bekommen haben. Um diese 

Überlegung zu bestätigen wäre eine pharmakokinetische Studie notwendig, die hier 

nicht durchgeführt wurde. Die Aufwachphase beider Protokolle war akpeptabel für 

Zoo- Und Bomasituationen, aber nicht für Feldsituationen, bei denen noch ataktische 

Tiere sich im dichten Gebüsch verletzen könnten oder eine leichte Beute für Raubtiere 

wären.  

Limitierungen dieser Studie lagen besonders in einer Problematik mit der Ausrüstung. 

Bei drei von zehn Tieren je Gruppe wurde die Medikamentenkammer des 

Medikamentenpfeils bei Auftreffen auf das Tier nicht vollständig entleert, sodass ein 
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zweiter Pfeil notwendig war. Dies verzögerte die Induktionszeit deutlich. Außerdem 

wurden eine kleine Stichprobengröße (n=10) und ausschließlich weibliche Tiere 

untersucht, da die Haltungsbedingungen nur diese Variation zuließen. 

Ursprünglich sollten die Tiere anstelle des EMM Protokolls mit Etorphin, Medetomidin 

und Ketamin eingeleitet werden. Dieses Protokoll wurde aber nach der Anästhesie von 

vier Tieren abgebrochen, da drei von vier Tieren zu keinem Zeitpunkt eine 

ausreichende Anästhesietiefe erreichten und sie unter hochgradigen 

cardiopulmonalen Nebenwirkungen litten, die ein weiteres Fortführen dieses Protokolls 

aus Tierschutzgründen nicht zuließen. 
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VIII. APPENDICES 

8.1. Data collection forms 

8.1.1 Data collection form 1 

Data Collection Form (Impala Project) 

 

 

Date: _______________________ 

Trial: _______________________ 

Study Number: _______________ 

Preparation 

Immobilisation drugs: 

Drug Dosage Dose Volume 

    

    

    

Partial Reversal 

Drug Dosage Dose Volume 

    

Induction 

Drug Dosage Dose Volume 

    

Maintenance/CRI 

Drug mg/kg/h mg total Rate 

    

    

    

    

Reversal  

Drug Dosage Dose Volume 

    

    

 

Animal Identification 

Number: ________________________ 

Species: Impala (Aepyceros melampus) 

Sex:    Female       Est. Age: ______ 

Body mass: ________ BCS: __________ 

Temperament: ____________________ 
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Immobilisation 

Dart Preparation 

Drug  Dosage Dose Volume 

   mL 

   mL 

   mL 

  Total dart volume                                                   

mL 

Capture 

Dart Time  

Number of dart 

attempts 

  

  

  

  

  

  

Recumbency Time  

Capture Score – Immobilisation quality 

Score Description 

1 

2 

3 

4 

Calm transition, no excitement, remains “down” once recumbent 

Mild excitement before becoming recumbent; maintains recumbency 

Pronounced excitement; attempts to stand after becoming recumbent 

Profound excitement; does not become recumbent 

Partial Reversal 

Butorphanol  mL Time: 

Monitoring 

Approach Time  

Time Pulse 

(bpm) 

Respiration 

(bpm) 

Temperature 

(oC) 

SPO2 Comments 
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Blood Gas 

Time  

 

Intubation 

Propofol  

Calculated dose 4 mg/kg mg mL 

Bolus dose 0.5 mg/kg mg mL 

Boluses administered  Total administered mL 

Intubation Time  

ET tube size  

 

Intubation 

Midazolam  

Calculated dose 0.2 mg/kg mg mL 

Total administered  

Induction Time  

ET tube size  

 

 

Ability to Intubate 

Score Description 

1 

2 

3 

4 

Orotracheal intubation easy at first attempt 

Orotracheal intubation achieved after 2-3 attempts 

Additional propofol required before orotracheal intubation successful 

Orotracheal intubation unsuccessful 

 

 

Additional Notes and Comments 
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Maintenance 

Initial Infusion Preparation 

Medetomidine  Ketamine   

MK Combination    mL/hr 

Initial propofol  mL/min 

 

Initial Infusion Preparation 

Medetomidine 10 μg/kg/h   

Ketamine    

Midazolam    

Initial Rate  

 

Initial Infusion Preparation 

Medetomidine  Ketamine   

MK Combination    mL/hr 

Initial thianil  mL/min 

 

Fluid Rate 

Sodium chloride 

0.9% 

5 mL/kg/hr mL/hr 

Total fluids given mL 

 

Oxygen 

Oxygen Flow Rate  

Start Time  

 

Times 

Infusion start time  

Infusion stop time  

Total infusion time  
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Recovery 

Reversal Drugs 

Drug Dosage Dose Volume Time 

Atipamezole (IM)  mg mL  

Naltrexone (IV)  mg mL  

 

Recovery 

Extubation time  

  

  

  

  

  

Standing time  

 

Recovery Score 

Early Recovery Late Recovery 

Score Description Score Description 

1 

 

2 

 

3 

 

4 

Easy transition to alertness 

 

Generally quiet, may startle 

 

Uncoordinated whole body 

movements; paddling; startles 

Emergence delirium, thrashing 

1 

 

2 

 

3 

 

4 

1 or 2 coordinated efforts to stand; 

minimal ataxia; normal gait 

1 or 2 coordinated efforts to stand; 

some ataxia once standing; gait largely 

normal 

Multiple attempts to stand; considerable 

ataxia; moving with unsteady gait 

Unable to stand > 30 minutes after 

administration of opioid anatagonists 

 

Additional Notes and Comments 
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8.1.2 Data collection form 2 

Monitoring  

T
im

e
 

A
c
tu

a
l 

T
im

e
 

C
R

I 
(m

l/
) 

P
u

ls
e
 (

b
p

m
) 

S
y
s
t 

 B
P

 

(m
m

H
g

) 

D
ia

s
t 

B
P

 

(m
m

H
g

) 

M
e

a
n

 B
P

 

(m
m

H
g

) 
 

R
e
s
p

 R
a
te

 

(b
p

m
) 

E
tC

O
2
 

S
P

O
2
 

M
u

s
c
 P

O
2
 

T
e

m
p

 (
o
C

) 

F
IO

2
 

P
a
lp

e
b

 R
e
fl

e
x
 

   

D
e
e
p

 
P

a
in

 

B
lo

o
d

 G
a
s
 

Claw Response 

0              LF Ax   

5                 

10                 

15              LF Ab   

20                 

25                 

30              LH Ab   

35                 

40                 

45              LH Ax   

50                 

55                 

60              LF Ax   

65                 

70                 

75              LF Ab   

80                 

85                 

90              LH Ab   

95                 

100                 

105              LH Ax   

110                 

115                 

120              LF Ax   
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