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INTRODUCTION

Zoo and wild animals are nondomesticated animals and have to be restrained to be able to perform medical procedures. There are different restraint methods such as physical, behavioral, and chemical restraint available. Any form of restraint can have an enormous stress impact on the animals. The benefits and disadvantages of these methods need to be carefully evaluated according to the species to be restrained, the availability of equipment or drugs, the experience of the persons involved, and any potential environmental factors.
RESTRAINT METHODS

Manual or Physical Restraint


This method of restraint is most commonly used in smaller animals or “tame” animals for short and non-painful procedures.


It is important that every person involved is knowledgeable about the methods of manual restraint in the various species in order to minimize risk of trauma to humans and animals and stress impact on the animals.


Crates, nets, boards, gloves, towels are commonly used for capture and manual restraint of the animals.


Specially designed restraint devices such as chutes or crushes are more frequently used to mechanically restrain larger animals, such as non-domestic hoofstock, elephants, marine mammals, etc. Mechanical restraint reduces the risk of human injuries, but can still impose a lot of stress to the restrained animals. Therefore, prior training of the animals is required to accept this form of restraint.

Behavioral Restraint


Operant conditioning is increasingly used in zoos to train animals to accept certain minor medical procedures, such as general physical examination, injections for vaccinations, treatments or immobilization, TB skin testing, blood collection, ultrasound, or to accept mechanical restraint. 
This method is very important as it reduces the stress to the animals and the risks involved with any method of manual or chemical restraint. 

Chemical Restraint
Sedation


Sedation can be chosen to reduce the stress impact of any minor procedures under manual or mechanical restraint. It reduces the anesthetic risk. But the sedative effect of certain drugs depends on the level of stress and excitement in the animals and can be very unpredictable.

Immobilization


Chemical immobilization mostly involves the anesthetic induction. During this stage, some short and non-invasive procedures, such as general physical examination, blood collection, injections, and hoof or nail trim can be performed. More invasive procedures commonly require a better maintenance level of anesthesia.

General anesthesia


For longer and invasive procedure the animal are maintained on general anesthesia. Various methods used in domestic animals are applicable for zoo and wild animals.
CONSIDERATIONS FOR CHOICE OF RESTRAINT METHOD

Human Safety

While some animals tolerate manual restraint quite well, others can become very defensive and can cause injuries to the handlers. Teeth, claws, talons, hooves, and even wings are used to their defense and can cause severe injuries, even by small animals.

The restraint method with the least risk for persons involved should always be chosen before other methods. 

If manual restraint is the method of choice, only persons with knowledge of the proper restraint of the various species should handle those animals. 

Animal Safety

Improper handling can cause injuries to the animals, therefore only knowledgeable persons should use manual restraint.

Also chemical immobilization can cause severe injuries to the animals, especially during long induction times, when the animals are already very excited before the drug effect, or when the environmental factors have not been considered.
Environmental Factors

Extreme temperatures should be avoided. Any form of stress of capture and immobilization during high temperatures can lead to hyperthermia.

Under anesthesia the animals are unable to thermoregulate and hypo- as well as hyperthermia can be a problem and should be avoided.


The environment, in which the animal will be captured, restrained and/or immobilized needs to be carefully evaluated for potential hazards for injuries. Moats, high benches and perches, electric fences and any other obstacles can be cause of severe injuries during induction.

Knowledge and Preference 


The choice of restraint method is also strongly depending on the knowledge of the persons involved in the procedure about the species to be restrained, the proper restraining techniques, the immobilizing drugs, emergency drugs, options for recovery and after care, etc. The choice is also influenced by the preference of the persons involved in the procedure.
Preparation
Any capture and immobilization requires thorough planning. Any information on the animal can help in the choice of the proper restraint method, the anesthesia protocol, etc. Zoo and wild animals are not easy to access. Collecting as much information on the animal as possible before the immobilization, as well as having all possible diagnostic and therapeutic equipment ready are of high importance to reduce length and stress of restraint or the risk of multiple anesthetic procedures.
The greatest challenges for a veterinarian in preparation of an immobilization are:

· Not having any further physiological, hematological, chemical data available to assess the animals health status before planning an anesthesia

· Not all animals can be fasted in preparation for the anesthesia
· Frequently having to estimate the animals body weight for the drug calculations

· Frequently having to choose the drugs according to concentration, volume, and species specific effects rather than personal preference

· Frequently having to estimate the distance for remote drug delivery

· When the drugs are only partially delivered, the anesthetic effect and additional drug supplementation has to be estimated 
CHEMICAL RESTRAINT

Drug Administration

Inhalation

Gaseous anesthetics such as isoflurane and sevoflurane are frequently used to induce anesthesia in small species such as invertebrates, reptiles, birds, and small mammals. The drug may be given using a face mask via manual restraint or by placing the animal in an induction chamber. Crates can be modified into induction chamber by covering them with plastic bags and inducing the gas directly into the crate. 

Gaseous anesthetics are also preferable for maintenance of anesthesia in most species. The advantages are rapid induction and control of depth and rapid recovery.

Injectable drugs


Injectable drugs commonly used for chemical immobilization have to be administered by syringe. Depending on the accessibility of the animals various delivery systems can be used.

Hand syringe: 

Although hand injection is suitable for giving small volumes, physical restraint of an animal is usually required so there is greater potential for human injury.

Pole syringe: 
This is basically a syringe on the end of a pole and some types are spring loaded. Continued pressure is needed for sufficient time to inject drug, thus this method is generally only useful for small volumes. 

This method can cause quite significant trauma but is rather inexpensive and quiet. It is mainly used for trapped or caged animals. It may be useful for giving additional drugs to animals that are not completely immobilized but approachable.

Remote delivery systems (darts):
These allow the administration of drugs, vaccines, etc without the need for physical restraint and are therefore safer and less stressful for both animals and people. Common systems include blowpipe, compressed air pistol, and rifle. Their use does require training and experience however, and some systems are somewhat complex. Accuracy varies with the system used, as well as with the size of animal and distance. Injury or even death may result from inaccurate or excessively powerful impact.

Darts are flying syringes which basically consist of a needle, body, plunger, and tailpiece. Darts differ in the manner in which the plunger is pushed forward and in the materials of construction. The plunger may expel the drug either by expanding gas from an explosive powder charge, compressed air, vaporized gas (butane), chemical reaction, or compressed spring. The dart bodies may be plastic or aluminum. Needles may be smooth or equipped with a variety of barbs or collars to prevent premature removal of the dart.

The two most commonly used dart types are the compressed air type (e.g. Dan-Inject and Telinject) and single use powder charge type (Pneudart). 

The compressed air type can be thought of as two plastic syringes joined at their bases – one half contains the drug and the other is pressurized with air to push the plunger forward. In the compressed air type of dart, the needle hole is on the side of the needle and is covered with a sleeve which prevents leakage of the drug until it hits the animal. 

The Pneudart darts are aluminum darts and the contents are not pressurized before hitting the animal. On striking the animal, the plunger is rapidly depressed with an explosive powder charge.

The darts can be delivered via various systems, depending on the size of the animals, the distance of the remote system to the animals, but also of the choice of drugs, their concentration and volume needed for a safe immobilization.
1. Blow pipe:  The dart is propelled through a tube by a rapid blow. This method is quiet and causes minimal trauma on impact. They are especially good for small animals at close range. They have a short range and require practice but can be very accurate.

2. Compressed air pistol: Propel dart by compressed air or CO2. This is also quiet and generally causes minimal trauma. The range is up to 20 m and cost is moderate/high.

3. Rifle: These are generally powder-charged (variety of strengths) or use CO2 , have a long range (40-60 m), and are powerful and durable. However, they usually cannot be used at close range and can cause significant impact trauma. They can be cumbersome and very expensive.

Sites of Injection

Optimal sites vary among species but generally the large muscles of the proximal hind limb or forelimb are used. Avoid fatty areas because subcutaneous injections and injections into fat can give inconsistent results.

The Immobilization Process

Avoid loud noises and rapid movements and try to avoid “focusing” on target. As far as possible, try to mimic the normal routine. Keep quiet and do not disturb during induction. Stimulation during induction can lead to incomplete immobilization. Always test the responses of an apparently immobilized animal before entering its enclosure.

The Ideal Restraint Drug

The ideal restraint drug does not exist but the following properties would be required:

1)
High therapeutic index. “Cocktails” of immobilizing drugs are generally given to minimize the harmful effects of individual drugs.

2)
Compatible with other drugs

3)
Short induction period

4)
Should have an antidote

5)
Effective in small volumes

6)
Can be given IM and is non-irritating

7)
Solution is stable

8)
Economical
Sedatives

This group of drugs is used either before the primary immobilizing drug is given or more frequently together with the primary immobilizing drug. These drugs are used to smooth induction and recovery and to decrease the requirement for the primary immobilizing drug. Drugs in this group would include the (2 agonists (xylazine, detomidine, medetomidine), the benzodiazepines (diazepam, midazolam), phenothiazines (acepromazine), and opiates (butorphanol, buprenorphine).

(2 agonists
Xylazine, detomidine, and medetomidine (not commercially available; can be compounded at 10 mg/kg) are non-narcotic sedatives with analgesic and muscle relaxant properties. Common problems associated with this group of drugs are bradycardia, hypotension, and vomiting, especially in carnivores. Animals may still move unexpectedly in response to stimuli and this group of drugs is rarely used alone. One of the most useful properties of the (2 agonists is their reversibility using the antagonists atipamezole, yohimbine, and tolazoline.

Benzodiazepines

These drugs generally cause minimal respiratory and cardiovascular depression and good muscle relaxation. They are also used for their anticonvulsant properties. Diazepam is poorly absorbed IM and is not suitable for injection; midazolam, however, is well absorbed IM. Clonazepam is also available (comes as an oral dissolving tablet); excellent for primates, but results in prolonged recoveries in big cats. The benzodiazepines may be reversed with flumazenil..

Phenothiazines

These drugs are not often used in zoo medicine. Variable degrees of sedation are achieved and no analgesia. These drugs cause arterial hypotension due to peripheral vasodilation. Priapism has been reported in stallions following the use of acepromazine.

Opioids

Partial agonists such as butorphanol and buprenorphine are used both for sedation and analgesia. When combined with other sedatives, synergism seems to occur, with sedation and analgesia being greater than that capable of being achieved with either drug alone. This group of drugs have a wide range of side effects, the most important of which is respiratory depression

Immobilization Drugs

These drugs include ketamine, tiletamine, alfaxalone (a neuroactive steroid), and the ultra-potent opioids (etorphine and thiafentanil (A 3080)). They are the principle anesthetic agents in immobilization protocols but are typically given in combination with sedatives to minimize unwanted side effects. 

















Ketamine

This produces “dissociative anesthesia” with a wide therapeutic index. Ketamine causes a rise in arterial pressure and minimal respiratory depression. Ketamine provides questionable analgesia but produces little, if any, muscle relaxation in most species. There is no reversal agent and recoveries can be “stormy”, particularly following higher doses.

Telazol® (tiletamine and zolazepam)

This combination will produce similar effects to ketamine + diazepam although the effects are longer lasting. The advantages for use in zoo medicine are that small volumes are effective, which is necessary for use in darts, and the drugs are rapidly effective. This combination has a wide therapeutic index but muscle rigidity and sometimes seizures may be seen. There is no reversal agent and recoveries can be very prolonged.

Several deaths have been reported in tigers associated with the use of Telazol®, although the exact cause of death was not exactly clear and the deaths sometimes occurs several days after the immobilization. Other drug combinations are, therefore, generally used for tigers.

Potent opioids

This group of drugs includes etorphine (M99) and thiafentanil (A-3080). Carfentanil has been used previously, but is not commercially available in North America. The advantages of this group of drugs is their potency, which allows immobilization of even very large species with a drug volume small enough to fit into a dart, and following the immobilization procedure, these drugs can be fully reversed using opioid antagonists such as naltrexone. The principle side effects are respiratory depression and hypertension.

A problem with the use of potent opioids is renarcotization, which is the recurrence of the effects of the drug up to 72 hours following the immobilization. 
These are DEA Schedule 2 drugs and are only used in zoo and wildlife medicine due to special licensing and storage requirements. They are extremely potent and are very dangerous to handle. Accidental self-injection is likely to be fatal and sufficient amounts of antagonist and resuscitation equipment must be available when they are used.

Inhalation agents

These most commonly include isoflurane and sevoflurane. The advantages of gaseous anesthesia are rapid induction and control of depth of the anesthesia and rapid recovery. Gaseous anesthesia is also the preferred method of maintaining anesthesia during prolonged procedures. If anesthesia is prolonged using repeated injectable drugs, recoveries will often be prolonged and “stormy”.

Most anesthetized animals will benefit from supplemental oxygen even without the addition of an anesthetic gas. Reptiles +/- birds require positive pressure ventilation during anesthesia as will be discussed in future lectures.

Anesthetic Monitoring

As in domestic species, anesthetic monitoring is based on assessment of reflexes and muscle/jaw tone. Some species are easier to monitor than others and invertebrates, fish, amphibians, and reptiles can be particularly challenging. The vital signs may be monitored with standard equipment including stethoscope, pulse oximeter, Doppler flow detector, respiratory monitor, and temperature probe.

Considerations in Small Animals

Very small animals have a large surface area:volume ratio and lose heat rapidly. Hypothermia will lead to cardiac arrhythmias. It is very important to try to prevent heat loss with warm water blankets, minimal clipping, draping, and minimal surgery/anesthesia time.

Recovery

Observe recovery closely and never leave sedated animals unattended. Avoid recovering animals near hazards and assist in thermoregulation during temperature extremes. 
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*Most details are presented in the accompanying
 Powerpoint presentation


