Anesthesia and Analgesia in Laboratory Animals


Anesthesia and Analgesia in Rodents

Chapter 9

I. Preoperative Patient Evaluation and Care

A. Preanesthetic fasting should be limited to 12 hours in light of the high metabolic rate and rapid dehydration and blood glucose detriments that occur rapidly in animals of small body mass.

B. Water should not be restricted.

C. CT 37:3; An Alternative to Overnight Withholding of Food for Rats.

1. Withholding food overnight causes undesirable side effects such as loss of body and hepatic weight and decreases in blood glucose concentration.  Other potential problems include ingestion of bedding.  

2. Providing rats with sucrose cubes overnight ameliorated these undesirable effects while still reducing the size of the GIT.  Removing or reducing access to bedding provided additional reduction in weight of the GIT.
II. Methods of Anesthetic Delivery/Equipment

A. Intraperitoneal drug injection

1. Lower left abdominal quad

2. Fasting the animal 4-8 hours prior minimizes errors

3. Use a 20-22 gauge needle instead of a smaller (25-26 gauge) which may not penetrate the subcutaneous fat and abdominal wall.

B. Intravenous

1. Rarely performed in the guinea pig or hamster

C. Intramuscular

1. Use is discouraged in small rodents

D. Inhalation 

1. Chambers (bell jar) are usually reserved for use with methoxyflurane, which reaches maximum concentration of 3% in contrast to 30% with halothane or isoflurane.

III. Inhalant Anesthetics

A. Ether

1. The Guide recommends replacing ether with less hazardous inhalants.

2. Advantages

a.) low cost

b.) suitable for minor procedures

3. Disadvantages

a.) Induction is unpleasant and existing respiratory disease will be exacerbated.

b.) Carcasses  must be well ventilated

c.) Storage of carcasses must be in explosion proof refrigerators or freezers

4. Species differences

a.) C57BL/6 most resistant
b.) C3H/He were most sensitive
5. Use in GP’s is unsafe since they tend to hold their breath and salivate profusely

B. Nitrous Oxide

1. Use as a sole anesthetic agent in rodents is discouraged because it is not a complete anesthetic and it is a health hazard in humans.

C. Carbon Dioxide

1. Low (50%) CO2 concentrations produce an excessive time of induction, with frequent severe and possibly fatal adverse effects with moderate distress and discomfort for the animals.

2. High (100%) concentrations produce rapid anesthesia with fewer adverse effects but raise serious ethical and moral concerns.

3. Suggest 70% + oxygen as the optimal concentration based on practicality and humane acceptability.

4. LAS 47:4; Humane and Practical Implications of using Carbon Dioxide Mixed with Oxygen for Anesthesia or Euthanasia of Rats

a.) Human volunteers judged the humaneness of breathing 50% to 100% CO2.  Increasing concentrations were rated as highly unpleasant (50%) to painful at 100%.

b.) Practical implications were measured in SD rats.

c.) Lower concentrations were least likely to cause pain and distress but had the longest times to anesthesia and death.  It also had the highest incidence of unwanted side effects (seizures, etc.) and the most severe histologic changes in the lungs (pulmonary edema and hemorrhage).

d.) Higher concentrations induce more rapid anesthesia and death but are more likely to cause appreciable pain and distress.

e.) Recommendations:  Use a non-precharged chamber and a low gas flow rate so that conscious animals are never exposed to CO2 concentrations greater than 70%.
5. LAS 46:4; Effect of In Vivo Administration of Anesthetics on GABA Receptor Function

a.) Most studies involving GABA receptors use either cervical dislocation or decapitation as euthanasia without the use of anesthesia.

b.) In vivo administration of either CO2 or methoxyflurane causes a flattening of the dose-response curve and negatively affects the GABA receptor.  This alters the ability of the GABA Cl-flux and the response to modulatory influences.
c.) Known modulators of GABA receptor system

1.) Benzodiazepines

2.) Barbiturates

3.) Ethanol

4.) Stress related steroids

D. Methoxyflurane (Metaphane, Penthrane)

1. May be administered by an open drop or induction chamber

2. Highly soluble in blood and tissues, making for prolonged recovery

3. Diabetes insipidus like syndrome has been observed in F344 rats from fluoride ion-induced renal damage.

E. Halothane (Fluothane)

1. Nonflammable, nonexplosive and nonirritating

2. Requires careful monitoring to prevent overdose and requires the use of a calibrated vaporizer.

3. Induces microsomal enzymes in rats

4. Hepatotoxicity occurs in some rodents, the guinea pig is an animal model for acute halothane-associated hepatotoxicity.
5. Halothane is specifically a very useful anesthetic in guinea pigs, a species in which reliable anesthesia is very difficult to obtain.

F. Isoflurane (Forane)

1. Anesthetic of choice for procedures requiring low risk and reliable rapid recovery

2. Transient post-op depression occurs in humans and mice
G. Sevoflurane

1. Blood solubility one-half to one-third of isoflurane, approaching that of nitrous oxide.

2. Rapid induction which is not accompanied by struggling

3. Degraded by soda lime or Baralyme in a temperature dependent manner.  Breakdown product (an olefin called compound A) is lethal in rodents at high concentrations.  It may not approach lethal levels in clinical use.

IV. Parenteral General Anesthetics

A. Barbiturates- the thiobarbiturates (thiopental, thiamylal and EMTU) are infrequently used in rodents due to their irritating effects perivascularly

1. EMTU (Inactin)

2. Pentobarbital (Nembutal)

a. poor analgesic

b. Male mice are more sensitive than are females
B. Dissociatives

1. Ketamine- highest recommended doses produce deep sedation but incomplete analgesia.  Muscle rigidity when used alone.

2. Ketamine/ xylazine

a.) judged to be superior to ketamine/diazepam, pentobarbital, and Innovar-Vet

b.) transient hyperglycemia (xylazine)
c.) increased intraocular fluid glucose levels

d.) Polyuria and excessive salivation

e.) Bradycardia

f.) Reversal with yohimbine and tolazoline (as well as the CNS stimulant 4-aminopyridine (4AP)

g.) LAS 46:4; Effects of Two Injectable Anesthetic Agents on Coagulation Assays in the Rat

1.) Examined the effects of urethane or ket/xylazine anesthetics on the aPTT (Activated partial thromboplastin time), TT (thrombin time) and the PT (Prothrombin time).

2.) Urethane increased the aPTT compared to the controls
3.) Ket/xylazine increased TT.
4.) No changes were seen in the PT for either agent.

h.) LAS 47:5; Prolonged (12 hours) Intravenous Anesthesia in the Rat

1.) Ketamine and xylazine in a ratio of 30:1 were infused IV by use of an adjustable syringe pump.

2.) Rectal temperatures were maintained at 35-36C rather than 37-38C which improved the survival of the animals

C. Neuroleptanalgesics

1. Fentanyl-droperidol (Innovar Vet)

a. Human and veterinary drugs vary in strength, human drug has approx. one-tenth the potency per ml of the vet formulation.

b. Usefulness is compromised by its irritant nature, which may cause tissue necrosis and self trauma to the digits following IM dosing.
2. Fentanyl-fluanisone (Hypnorm)
a. Judged to be superior neuroleptanalgesic in rats
b. Addition of midazolam creates a reliable and longer lasting surgical anesthetic with good muscle relaxation and analgesia.
D. Miscellaneous Anesthetics

1. Alpha chloralose
a. 9% of rats develop seizures
b. Very poor analgesic

2. Alphaxalone-alphadolone (Saffan, Althesin)
a. Steroidal anesthetic
b. Repetitive boluses are contraindicated in the GP because it causes respiratory distress and pulmonary edema.

3. Chloral hydrate
a. Classically associated with gastric mucosal injury, adynamic ileus and peritonitis with IP administration

4. Propofol (Diprivan, Rapinovet)

a. Alkyl phenol

b. Poor analgesic 

c. Requires IV access

5. Tribromoethanol (Avertin)

a. Used in transgenic research to facilitate such procedures as embryo transfer, vasectomy or distal tail amputation for Southern blot analysis.

b. Major disadvantages

1.) Cardiovascular and respiratory depression at high doses

2.) Toxic by products if exposed to light or improperly stored.  Decomposes into dibromoacetaldehyde and hydrobromic acid which are potent gastric irritants leading to fibrinous peritonitis, ileus and fatalities.  Particularly prominent in mice on second exposure of TBE.

3.) Proper storage is in the dark at 4C.
4.) LAS 48:2; Doppler Echocardiographic Analysis of Effects of TBE Anesthesia on Cardiac Function in the Mouse Embryo:  A Comparison with Pentobarbital

a.)  TBE can induce transient changes in cardiac function parameters between day 11-14 of gestation.  All arrhythmias were associated with the atrium.  There were no arrhythmias in the pentobarbital groups.

6. Urethane (Ethyl carbamate)

a. IP can cause irritation, peritoneal fluid accumulation, hyperosmolarity of body fluids, increased plasma renin activity and aldosterone concentration.

b. Major disadvantage is it s proven status as a carcinogen and mutagen in rodents.  

c. Strongly discouraged unless strict precautions are taken.

d.  Should be limited to nonsurvival procedures.

e. LAS 46:4; Effects of Two Injectable Anesthetic Agents on Coagulation Assays in the Rat

1.) Examined the effects of urethane or ket/xylazine anesthetics on the aPTT (Activated partial thromboplastin time), TT (thrombin time) and the PT (Prothrombin time).

2.) Urethane increased the aPTT compared to the controls

3.) Ket/xylazine increased TT.

4.) No changes were seen in the PT for either agents.

E. CT 35:2; Comparison of Five Anesthetic Agents Administered Intraperitoneally in the Laboratory Rat.

1. Ketamine/xylazine was superior at inducing analgesia while provoking only minimal abdominal inflammation.  Although tiletamine/zolazepam of all the agents incited the least amount of abdominal inflammatory response, this combination provided inadequate analgesic anesthesia.  Pentobarbital, chloral hydrate and TBE given IP caused appreciable abdominal inflammation and induced inconsistent analgesic anesthesia.

F. CT 37:4; Evaluation of Injectable Anesthetics for Major Surgical Procedures in Guinea Pigs.

1. Surgery could not be performed on any of the animals given ketamine or tiletamine-zolazepam/detomidine.  There was a high rate of adverse effects in guinea pigs receiving detomidine.  Four of six in the tiletamine-zolazepam/detomidine group died.  Those animals receiving tiletamine-zolazepam/xylazine and tiletamine-zolazepam/medetomidine underwent successful surgery.  A combination of tiletamine-zolazepam and xylazine or medetomidine was effective for inducing anesthesia and providing sufficient analgesia to perform a major surgical procedure on guinea pigs.  

V. Methods of Analgesic Drug Delivery to Rodents

A. Oral delivery

1. Disadvantages

a.) lack of consumption due to unpalatability

b.) inaccurate dosing

c.) degradation of the agent over time due to hydrolysis

2. Acetaminophen

a.) unpalatable regardless of the flavor chosen
b.) Ineffective
c.) CT 36:3; Analgesic Efficacy of Acetaminophen and Buprenorphine Administered in the Drinking Water of Rats

1.)  Acetaminophen administered in the water does not provide analgesia in rats comparable to that provided by parenteral administration.  Buprenorphine administered in the drinking water may provide analgesia, but this effect may not be attributable to drug effect alone.

3. Buprenorphine 

a.) Administered in gelatin actually enhanced inflammatory response rather than alleviating it in one study
b.) Good analgesic effect when placed in drinking water but declined rapidly after 5 days.

B. Bolus Parenteral Delivery

1. Flunixin meglumine (Banamine)

a.) Non-narcotic, non-steroidal agent with anti-inflammatory and antipyretic activity.

b.) Causes significant irritation when administered subcutaneously.

c.) Minimal analgesic effect in rodents

d.) LAS 47:2; Fatal Perforating Intestinal Ulceration Attributable to Flunixin Meglumine Overdose in Rats
1.) Rats undergoing surgery were supposed to receive 1.1 mg/kg of Banamine SQ diluted in phosphate buffered saline (documented to enhance its analgesic potency)

2.) Due to dilution error, rats actually received 11 mg/kg BID

3.) Grossly, severe peritonitis, perforating ulcers of the small intestine and cecum

2. Tricyclic antidepressants

a.) 70X more effective than aspirin as an analgesic in mice

3. Morphine sulfate

a.) Potent, short duration analgesia

4. Oxymorphone

5. Pentazocine lactate (Talwin)

6. Butorphanol (Stadol, Torbugesic, Torbutrol)

7. Buprenorphine (Buprenex)

a.)
LAS 47:3; Pica Behavior Associated with Buprenorphine Administration in the Rat
1.) A single injection of buprenorphine at 0.05 or 0.3 mg/kg results in rats ingesting hardwood bedding, leading to gastric distension.  Effects are more pronounced if animals undergo a laparotomy in combination with the Buprenex.

2.) Pica in rats has been documented to be an indication of gastric distress and has been induced by LiCL injection, toxins, emetics, mineral deficits or physical rotation.

3.) Buprenorphine has been reported  to cause severe nausea or gastric distress in man

8. CT 37:6; Evaluation of Post operative Analgesics in a Model of Neuropathic Pain.

a.) Chung model-operated animals received analgesic doses of oxymorphone, buprenorphine, carprofen and EMLA cream (2.5% lidocaine and 2.5% prilocaine) on days 0-4 post-operatively to examine their effects on the development of neuropathic pain in the rat.  Although the animals receiving oxymorphone and buprenorphine showed signs of marked sedation, 67% and 60% respectively had developed mechanical allodynia (a form of neuropathic pain) on day 8 post-operatively.  The carprofen treated group showed none of the signs of sedation, and on day 14 post-op 60% of the animals had developed mechanical allodynia.  The EMLA treated group did not show overt signs of post op pain or sedation and 50% developed mechanical allodynia on day 3 post op.  Although the time course of development of mechanical allodynia differed between treatment groups, analgesics can be delivered to rats during the immediate post op period without inhibiting the eventual development of neuropathic pain in this animal model.
VI. Anesthetic Techniques in Pregnant Rodents

A. Injectable ketamine combinations most commonly used

B. Diazepam should not be used due to postnatal teratogenic effects.
C. Some inhalants may also have embryotoxic effects.

D. LAS 48:4; Hemodynamic Response to Anesthesia in Pregnant and Nonpregnant ICR Mice

1.) Compared pentobarbital and ketamine/xylazine

2.) Mean BP was lower and HR was higher in pregnant than in nonpregnant mice for each anesthetic protocol

3.) For the sake of preserving uteroplacental flow in pregnant mice, which is important in terms of in vivo embryo physiologic studies, the combination of ketamine and xylazine may be better than pentobarbital.
VII. Anesthetic Techniques for Neonatal Rodents

A. Hypothermia

1.) An appropriate form of analgesia/anesthesia

2.) Newborn rodents are poikilothermic, rapid core cooling can be achieved by surface cooling.

B. LAS 47:4; Evaluation of Five Agents/Methods for Anesthesia of Neonatal Rats

1.) Only hypothermia and methoxyflurane proved to be safe and consistently effective at inducing short and long term surgical anesthesia.  Use of a protective sleeve appears to reduce distress assoc. w/ induction of profound hypothermia.
2.) Ketamine, pentobarbital, and the fentanyl-droperidol combination were found to be unsafe (>50% mortality) and/or ineffective at inducing a surgical plane of anesthesia.

Questions

1. Errors in intraperitoneal drug injections in rodents can be minimized by which of the following methods?

a. Fasting the animal 4-8 hours prior to drug injection

b. Fasting the animal 24 hours prior to drug injection

c. Using a 20-22 gauge needle for injection

d. Using a 25-26 gauge needle for injection

e. A and C

f. B and D

2. Which of the following is FALSE concerning the use of ether in rodents?

a. Induction of ether is unpleasant and existing respiratory disease will be exacerbated by its use.

b. Carcasses of rodents anesthetized or euthanized with ether should be well ventilated prior to sealing them in airtight bags for disposal or incineration.

c. C57BL/6 mice were found to be the most resistant strain.

d. Use of ether in guinea pigs is considered unsafe as they tend to hold their breath and salivate profusely.

e. None of the above are FALSE.

3. Which of the following is FALSE concerning the use of carbon dioxide as an anesthetic in rodents?

a. Exposure to 100% carbon dioxide is a reliable and appropriate form of anesthesia.

b. 70% carbon dioxide and oxygen is the optimal concentration, based on practicality and humane acceptability.

c. Carbon dioxide is readily available, inexpensive, safe for personnel and produces rapid recovery.

d. Lower concentrations (50%) of carbon dioxide produce an excessive time of induction, with frequent and severe side effects with moderate distress and discomfort for the animals.

4. Which of the following is TRUE concerning methoxyflurane anesthetic in rodents?

a. Methoxyflurane is poorly soluble in blood and tissues such that inductions are prolonged, making it particularly useful in neonates.

b. Methoxyflurane is exhaled by the lung but greater than 40% is metabolized and excreted in feces.

c. A diabetes insipidus like syndrome has been observed in F344 rats.

d. A and C

5. Which of the following are TRUE concerning halothane anesthesia in rodents?

a. Hepatotoxicity has been associated with halothane exposure in some rodents.

b. The guinea pig is an animal model for acute halothane-associated hepatotoxicity.

c. Halothane is specifically a very useful anesthetic in guinea pigs, a species in which reliable anesthesia is very difficult to obtain.

d. A and B are TRUE

e. All of the above are TRUE

6. Which of the following statements concerning inhalant anesthesia is TRUE?

a. Sevoflurane has blood solubility similar to nitrous oxide.

b. Sevoflurane is degraded by soda lime in a temperature dependent manner creating a breakdown product called olefin, which is lethal in rodents at high concentrations.

c. Isoflurane has been reported to cause transient postoperative immunosuppression in humans, which also occurs in mice.

d. A and B are TRUE

e. All of the above are TRUE

7. Which of the following statements concerning parenteral anesthetic use in rodents is TRUE?

a. Thiobarbiturates are irritating intravascularly and infrequently used in rodents due to difficulties in obtaining vascular access.

b. Female mice are more sensitive to pentobarbital than male mice.

c. EMTU, ethyl malonylthiourea, is commonly known as Avertin(.

d. A and C are TRUE

e. All of the above are TRUE

8. Which of the following statements concerning neuroleptanalgesics is TRUE?

a. Hypnorm( is a combination of fentanyl and fluanisone while Innovar Vet( is a combination of fentanyl and droperidol.

b. Droperidol is a butyrophenone tranquilizer.

c. Innovar Vet( has an irritant nature which may cause tissue necrosis and self trauma to the digits following intramuscular dosing.

d. Innovar Vet( can cause muscle necrosis at the injection site in hamsters.

e. All of the above are TRUE

9. In rats, which of the following are associated with the use of (-Chloralose?

a. Seizures

b. Thick, mucoid oral-nasal discharge

c. Poor analgesia even at the highest dose range

d. All are associated with chloralose

10. Which of the following statements is FALSE concerning the use of Althesin( in rodents?

a. Composed of alphaxalone and alphadolone.

b. This combination is categorized as a neuroleptanalgesic.

c. Repetitive boluses are contraindicated in all species of rodents because it causes respiratory distress and pulmonary edema.

d. A and C are FALSE

e. B and C are FALSE

11. Which of the following are TRUE concerning anesthesia in rodents?

a. Classically, (-chloralose has been associated with gastric mucosal injury, peritonitis and adynamic ileus with intraperitoneal administration.

b. The use of ethyl carbamate is discouraged due to its proven status as a carcinogen and mutagen in rodents and should generally be limited to nonsurvival procedures.

c. Tribromoethanol should be stored at 4C under dark conditions to avoid decomposition.

d. A and C are TRUE

e. B and C are TRUE

12. Which of the following statements concerning analgesia in rodents is TRUE?

a. Oral acetaminophen in a gelatin formulation can be used orally in rats and provides potent analgesia.

b. Buprenorphine in gelatin actually enhanced the inflammatory response and treated rats showed enhanced footpad swelling and lameness.

c. All of the above are TRUE

13. Which of the following has not been used as bolus parenteral analgesic therapy in rodents?

a. Flunixin meglumine

b. Phenylbutazone

c. Tricyclic antidepressants

d. Morphine

e. All of the above have been used

14. Which of the following is an appropriate form of anesthetic for neonatal rodents?

a. Inhalation anesthesia

b. Hypothermia

c. Carbon dioxide

d. A and B

Answers:

1. E, page 167.

2. E, page 170

3. A, page 170

4. C, page 171

5. E, page 171

6. E, page 172

7. A, page 173; Males are more sensitive to pentobarbital.  EMTU is known as Inactin(.

8. E, page 177

9. D, page 179

10. E, page 179-180, steroidal anesthetic also known as Saffan, repetitive boluses are contraindicated in guinea pigs only.

11. E, page 181, Chloral hydrate causes adynamic ileus.  Alpha chloralose preserves baroreceptors.

12. B

13. E, page 186-187

14. B, page 190

Anesthesia and Analgesia in the Rabbit

CH 10

Preoperative considerations

· Health status- A variety of agents can adversely affect anesthesia.  In particular, Pasteurella sp. cause a variety of clinical syndromes, including pneumonia.

· Breed


Strain- Watanabe model of hypercholesterolemia and adriamycin induced cardiomyopathy

· Sex

· Should be quarantined a minimum of 72 hours

· Xylazine increases blood glucose and should be avoided in diabetic animals.

Evaluation and Preparation

· Rule out Pasteurella via chest rads

· Withholding food prior to sx of little benefit, stomach does not completely empty, withholding may aid respiration due to degrees of emptying and abdominal breathing.

Premedication

· Rabbits may produce atropinesterase (AtrE).  Is inherited and 50% have sera levels).

· Increase dose of atropine or use glycopyrrolate

· Acepromazine causes vasodilatation - good for phlebotomy

· Medetomidine is the most selective (2 agonist

· Detomidine associated with myocardial necrosis.  Don’t use Detomidine
· Cholestyramine given post-operatively may reduce anti-microbial induced mortality

Delivery

· Avoid sciatic

· Chlorpromazine, ketamine/xylazine may cause site pathology

· Injections should be limited to 1.5 ml in NZW and 1.0 ml in Dwarf rabbits

· Lidocaine-prilocaine cream recommended on ear before venipuncture (EMLA cream)

Tracheal Access

· Benzocaine topical anesthetic associated with methemoglobinemia

· Respiratory monitor helpful in advancement of tracheal tube (BAAM, Beck airway airflow monitor)

· Breath holding common in rabbits

Barbiturates


Pentobarbital anesthetic dose is very close to its apnea dose

Hallmark of pentobarbital is respiratory depression also causes acidosis, hypoxemia, and hypercarbia.


Pentobarb causes less myocardial damage than Halothane or (-chloralose


Ethylmalonythiourea (EMTU) is another barbiturate used in rabbits

Dissociatives


Telazol causes nephrotoxicity

Neuroleptanalgesia/anesthesia

Fentanyl-droperidol (Innovar-Vet) - droperidol acts longer causing prolonged depression, use glycopyrrolate or ace to avoid bradycardia

Fentanyl-fluanisone (Hypnorm) - respiratory depression of this drug can be reversed by Naloxone.  The use of mixed agonist/antagonists following neuroleptanalgesia has been termed anesthesié analgesique sequentielle. 

Misc. Agents


Alphaxalone-alphadolone (Saffan or Althesin) produces light to medium anesthesia.  
Preserve peripheral vasoconstrictor reflexes - useful in pharm studies requiring these intact reflexes.


Propofol only good for induction and diagnostic procedures


Chloralose-urethane preserves or enhances baroreceptor reflexes

Inhalation


Bain and Rees modified T-piece circuits most appropriate


Nitrous oxide increase cerebral blood flow to varying degrees

Regional anesthesia


Preoperative incisional infusion with lidocaine or bupivacaine may decrease need 

for post op analgesics

Hypnosis


Authors say hypnosis not reliable enough to consider for replacement of analgesics or anesthetics.

The rabbit has become an important model of cerebral blood flow and cerebral anesthetic uptake.

Support and monitoring

· Ear (pinna) reflex best detection of depth followed by pedal (rear) withdrawal, corneal and palpebral reflexes.

Pain assessment


Decreased food and water consumption, failure to groom, reduced activity, 
immobilization, guarding behavior.

Analgesics


Standard analgesiometric tests (quantitative pain tests) are useful in assessing opioids, but not NSAIDS.


Buprenorphine is the authors’ choice


Piroxicam and flunixin have been shown to reduce inflammation (not assessed for pain)


Acetaminophen has been anecdotally reported to be a mild analgesic

QUESTIONS:

1. Which of the following agents has been shown to increase blood glucose levels in rabbits and should be avoided in diabetic animals?

a. acepromazine

b. xylazine

c. pentobarbital

d. glycopyrrolate

e. detomidine

2. Which of the following are false concerning the rabbit

a. the rabbit is unable to vomit

b. the rabbit stomach does not empty despite 5 day fasts

c. 12 hr fasts may yield more consistent anesthesia

d. blood glucose levels change drastically with fasting

e. rabbits less than 3 kg should not be fasted due to risks of acidosis

3. Up to 50% of rabbits produce atropinesterase.  Which of the following is a viable substitute?

a. glycopyrrolate

b. doxapram

c. acepromazine

d. pyruvate kinase

e. none of the above

4. Which of the following is the most selective (2-agonists available in veterinary medicine?

a. xylazine

b. medetomidine

c. detomidine

d. medatime

e. chlortamadine

5. Which of the following agents should be avoided in the rabbit due to anorexia and myocardial necrosis?

a. xylazine

b. medetomidine

c. detomidine

d. medatime

e. chlortamadine

6. T/F
IM injection volumes should be limited to 1.5 ml in NZW rabbits and to 1.0 ml in dwarf rabbits?

7. Which of the following is a respiratory monitor used to aid placement of tracheal tubes in rabbits?

a. Schieldler airway monitor

b. The Wind Whistle(
c. Coorman respiratory assessment monitor

d. Grier tracheal cuff

e. Beck Airway Airflow Monitor

8. T/F
The anesthetic dose of pentobarbital in rabbits is extremely close to the dose at which apnea occurs?

9. Which of the following anesthetic circuits are best suited for rabbits?

a. Cartwright

b. open Y

c. Bain

d. Rees modified T

e. both c and d 

10. It is widely held that which of the following is the most accurate measure of depth of anesthesia in the rabbit?

a. corneal reflex

b. the pinna reflex

c. palpebral reflex

d. nose pinch

e. pedal withdraw

ANSWERS:

1. b.  xylazine

2. d.  blood glucose levels change drastically with fasting (glucose levels remain the same for up to 96 hrs of fast)

3. a.  glycopyrrolate

4. b.  medetomidine

5. c.  detomidine

6. true

7. e.  Beck Airway Airflow Monitor (BAAM)

8. True

9. e.  both c and d

10. b.  the pinna reflex

Anesthesia and Analgesia in Nonhuman Primates
CH 11

Preoperative evaluation

· Splenectomized or immunosuppressed Macaca fascicularis monkeys are at added risk for developing anemia due to naturally occurring malarial infections

· Anemia may also reduce the solubility of volatile anesthetics and consequently, accelerate the rate at which the alveolar concentration can be increased or decreased.

· Common practice to fast animals for 12 hours except in the case of Callitrichidae and other small species; generally fast for 6-8 hours

· Prolonged withholding of water is unnecessary; 3 hours is sufficient

· Addition of H2 antagonists before induction has shown to protect against aspiration pneumonia in Papio spp.

Anticholinergic Drugs

· Glycopyrrolate is twice as potent and has a longer duration of action as compared to atropine

· Atropine possesses arrhythmogenic properties and may predispose nonhuman primates to ventricular tachycardia and bigeminal patterns

Parenteral Anesthetics


Dissociatives

· Ketamine

· Animals retain pharyngeal, laryngeal, and palpebral reflexes

· Does not alter the magnitude of many endocrine responses

· Yohimbine has been reported to partially reverse ketamine in cats

· Ketamine-Xylazine

· Provides muscular relaxation and analgesia sufficient for minor surgical procedures

· Xylazine-induced bradycardia and hypotension are common

· Xylazine overrides the stimulatory effects of ketamine

· Ketamine-Medetomidine - Used in Pan troglodytes and Saimiri sciureus
· Ketamine-Diazepam - IM injection of diazepam may be painful with unreliable absorption and multiple doses may lead to prolonged recovery due to its long elimination half-life

· Ketamine-Midazolam - Midazolam better absorbed after IM injection compared to diazepam; has shorter elimination half-life

- Tiletamine-Zolazepam - Occurrence of seizures nearly eliminated in comparison to ketamine


Alphaxalone-Alphadolone

· Known as Saffan 

· Steroid anesthetic


Propofol

· Used for procedures of short duration or for induction

· Apnea following induction

· Need strict asepsis to guard against infection


Barbiturates

· Pentobarbital - induces minimal changes in cerebrospinal fluid pressure and decreases cerebral blood flow and metabolic rate, therefore is useful in some neurosurgical procedures

· Thiopental – Ultra-short acting barbiturate


Opioids

· morphine and oxymorphone commonly used for postoperative analgesia; fentanyl most often used in balanced anesthesia

· Naloxone used as a reversal

· Neuroleptanalgesic combinations – fentanyl-droperidol (Innovar-Vet) and fluanisone (Hypnorm) useful for minor procedures

· Nonhuman primates do not become transiently aroused by auditory stimuli after the administration of Innovar-Vet


Muscle Relaxants

· Pancuronium, vecuronium

· Pancuronium produces moderate elevation in heart rate and blood pressure

· Vecuronium has no hemodynamic effects and is a viable alternative to pancuronium in cardiovascular procedures

Inhalational Anesthesia


Nitrous Oxide

· High minimum alveolar concentration (MAC) – 200% in macaques versus 105% in humans

· Produces second gas effect thus accelerates induction

· Diffusion hypoxia may occur if an animal is allowed to breathe air at the conclusion of anesthesia


Halothane

· Decline in systemic blood pressure and heart rate proportional to the depth of anesthesia

· Sensitizes the heart to the dysrhythmogenic effects of epinephrine

· Causes a dose-dependent increase in cerebral blood flow and cerebral vasodilation, therefore should be used with caution for neurosurgical procedures

Isoflurane - Minimally metabolized due to its chemical stability and low solubility, and accordingly, it is exhaled essentially unchanged

Methoxyflurane

· Low vapor pressure and high solubility

· Potential nephrotoxicity

Enflurane – Less likely than halothane to sensitize the myocardium to the effects of epinephrine

Intraoperative Monitoring
· Tongue seems to be less influenced by intraoperative conditions such as hypothermia or hypotension; better than ear for pulse oximetry

· Core body temperature can be monitored by inserting esophageal probe into the lower third of the esophagus

· Urinary output can serve as a useful guide of intravascular volume status

Intraoperative Support

· Minor to moderate blood loss can be replaced with crystalloid solutions given in the amounts equal to about three times the amount of blood loss

· Phenylephrine is drug of choice in treating isoflurane-induced hypotension

Special Anesthetic Considerations

Obstetric Anesthesia – maternal hypotension is the most common complication encountered during anesthesia

Pediatric Anesthesia

· Cardiac output is heart rate dependent in pediatric animals

· Suckling reflex can be used as one of the indicators for depth of anesthesia

· Isoflurane is the anesthetic of choice for pediatric animals

Postoperative Care

Circulatory complications – Protamine is usually administered over a period of time to reverse heparin anticoagulation


Pain 

· Potential disadvantage of agonist-antagonist opioids is the “ceiling effect” when repeated doses do not induce further analgesia but instead produce marked respiratory depression

· Morphine used via the epidural route; it has low lipid solubility which makes systemic absorption less likely to occur from the epidural site which suggests that more of the drug is available at the receptor sites in the spinal cord, resulting in prolonged analgesia

Questions

1.  Which of the following are possible effects produced by atropine?


a.  Diminish salivary and bronchial secretions


b.  Prevents reflex bradycardia


c.  Ventricular tachycardia 


d.  All of the above

2.  True or False – Glycopyrrolate is twice as potent and has a longer duration of action as compared to atropine.

3.  True or False – Nonhuman primates, like dogs, can be transiently aroused by auditory stimuli under the effects of Innovar-Vet.

4.  Which of the following is correct?


a.  Nitrous Oxide has a high minimum alveolar concentration


b.  Isoflurane has a high solubility


c.   Methoxyflurane has a low solubility


d.  a and b


e.  none of the above

5.  Which of the following is the anesthetic of choice for pediatric animals?


a.  Halothane


b.  Isoflurane


c.  Ketamine


d.  Propofol

6.  Which of the following is a potential disadvantage of using agonist-antagonist opioids for analgesia?


a.  The “ceiling effect”


b.  The “basement effect”


c.  The “maximum effect”


d.  The “minimum effect”

Answers:

1.  d

2.  T

3.  F

4.  a

5.  b

6.  a

Anesthesia and Analgesia in Dogs, Cats, and Ferrets

CHAPTER 12

Introduction
The state or condition referred to as anesthesia, or particularly general anesthesia, includes the component conditions of unconsciousness, amnesia, lack of sensation to potentially noxious stimuli, and muscle relaxation.

Anesthetic protocols should include consideration of sedation; pharmacological restraint (occasionally appropriate as an alternative to general anesthesia); induction and maintenance of general anesthesia; perioperative physiological management or support; anesthetic monitoring and plans for responding to anticipated physiologic changes; and, in chronic studies, the recovery from anesthesia and postoperative care.

For acute studies (those with no recovery from anesthesia) there may be several additional options available in the choice of pharmaceuticals.  Drugs that may not afford suitable recovery (e.g., chloralose) may be quite appropriate for research protocols in which recovery is not planned.

PART A.  ANESTHESIA AND ANALGESIA IN DOGS AND CATS

I. Preanesthetic Evaluation

A. Historical Information and Vendor Health Profile

Review of documentation accompanying animals on receipt and review of daily records may aid in the identification of abnormalities.

B. Physical Examination

Two benefits of preanesthetic evaluation are the establishment of baseline data and the identification of any pre-existing physical or physiological abnormalities.

C. Laboratory Data and Parasitology Screen

The extent of medical profiling needed varies with the source of the animal, intended use, and the standards set for each research program and/or the facility.  Quarantine or perhaps a less restricted, but specified holding time, is suggested to verify health status.

II. Delivery of Anesthetics and Adjunctive Drugs

A. Venous Access Sites and Intravenous Catheter Placement
Cephalic and saphenous veins commonly used in dogs and cats.  Lateral saphenous in dogs, medial saphenous in cats.  Jugular vein is used for central venous access.  Jugular vein catheters are less subject to positional problems, but may be more often associated with significant thrombosis.

B. Sites for Intramuscular and Subcutaneous Drug Delivery
IM injections in dogs and cats have most often been delivered to the caudal muscles of the thigh, in the semimembranosus or semitendinosus muscles.  Superior absorption has been documented with injection into either the cranial thigh muscles (quadriceps) or the lumbar spinal epaxial muscles. When using the caudal thigh muscles, injection into the fascial planes decreases drug absorption and allows for tracking along the fascial planes, potentially to the area of the sciatic nerve.

Uptake of drugs following SQ injection may be variable and influenced by the state of hydration and local perfusion. Intrascapular, lateral thoracic, and lumbar dorsal regions are used.

C. Chemical Restraint
Used when chemical restraint is needed for minor procedures.  Ace is often used.  The  (2-adrenergic agonist sedatives, xylazine and medetomidine, may be used in dogs.  Ketamine can be used in cats.

D. Induction of Anesthesia with Inhalant Anesthetics
Halothane and isoflurane are suitable for inhalation induction of anesthesia using a mask or chamber.  Methoxyflurane is not due to the high solubility that results in an unacceptably long transition from awake to asleep with associated delirium.

Healthy, young animals may need a CNS depressant to help with induction.  Excitement leads to catecholamine release and associate hemodynamic effects including increased risk of arrhythmias.  

Two basic approaches to mask induction: 1) gradual step-up in delivered concentration of the gas, and 2) an immediate administration of high partial pressures of anesthetic.  The first method is generally indicated.

E. Techniques of Endotracheal Intubation
Airway control is a fundamental of safe anesthetic management.  Cat and ferret laryngeal anatomy is similar to that of young children, so they are used for training in pediatric intubation techniques.  Cuffed Murphy or uncuffed Murphy or Cole tubes are typically used.  The cuff of the tube is inflated with just enough pressure to prevent leaks when the anesthetic breathing bag is squeezed to a pressure of 15 cm water.  This “minimum no-leak volume” technique will allow for positive pressure ventilation, prevent aspiration, and will maintain circulation to the tracheal mucosa.  Excessive cuff pressure may result in mucosal ischemia and necrosis or even tracheal rupture.

III. Preanesthetic Medications

A. Anticholinergics
The vagal parasympathetic nervous system tone increases with certain anesthetic and surgical procedures, including pharyngeal instrumentation (endotracheal intubation), visceral traction or manipulation, ocular procedures, and manipulation of the carotid sheath or vagus nerve.  Vagal tone also increases with the administration of vagotonic drugs such as most opioids and (2-agonists.  Anticholinergics are used to prevent bradycardia and to decrease salivation.  Atropine is more widely used than glycopyrrolate and will more substantially raise the heart rate.  Glycopyrrolate provides more control of salivation and may have a longer duration of action.  Risk of tachyarrhythmias and a bronchodilating effect that increases dead-space ventilation.

B. Tranquilizers and Sedatives
Ace is the most common preanesthetic tranquilizer used.  Hypotension and prolonged tranquilization are frequent effects of acepromazine.  Diazepam is a valuable alternative for more rapid recovery and is generally less hypotensive.  

Xylazine is an (2-adrenergic agonist.  Medetomidine is an almost pure (2-agonist.  Can produce mild to marked vagal bradycardia and reduce cardiac output.  Pretreatment with atropine usually prevents xylazine induced bradycardia but does not prevent the decrease in cardiac output.  Anticholinergics work better as a preventive measure than as a treatment for bradycardia.

C. Opioids in Anesthesia
Used to control surgical and post-operative pain.  Most useful are: morphine, meperidine, oxymorphone, butorphanol, and buprenorphine.

· Morphine: sedation and a considerable degree and duration of analgesia in dogs.

· Meperidine: short-acting and maintains heart rate.

- both morphine and meperidine cause histamine release and subsequent hypotension and therefore are not injected IV.

· Oxymorphone: longer duration of analgesia with little risk of histamine release.  Anticholinergics are used to prevent bradycardia.

· Butorphanol/buprenorphine: agonist/antagonist opioids.  Both cause limited sedation.  Buprenorphine has a longer period of analgesia, but is difficult to reverse due to its high affinity for opioid receptors.

IV. Intravenous Agents for Induction or Maintenance of General Anesthesia

Used to quickly induce anesthesia, to quickly control the airway, to avoid delirium associated with mask or chamber induction, to avoid decreases in BP associated with inhalants, and to decrease exposure of personnel to waste gases.  
A. Barbiturates
Pentobarbital is used less frequently because of its narrow margin of safety, poor analgesic properties, and the long and occasionally violent period of recovery.

Thiobarbiturates are best used for induction or for very brief anesthesia.  Thiamylal is no longer available.  Thiopental (ultra short acting) is often used.

Methohexital (ultra short acting) is recommended for sight hounds.

Combination techniques using IV lidocaine and thiopental have been recommended for dogs to reduce the dose of barbiturate needed and to minimize some of the cardiac side effects.

B. Propofol
Propofol (diisopropylphenol) is a non-barbiturate, nondissociative injectable sedative-hypnotic.  Characteristics of rapid elimination with full recovery.  Used for: 1) induction, 2) very brief procedures with rapid full recovery, and 3) maintenance of anesthesia by controlled IV infusion with rapid and full recovery.  Apnea commonly occurs after bolus administration in dogs and cats.  Decreased BP but myocardial contractility and heart rate are minimally affected.  Used in combination with opioids for animals with compromised cardiovascular function.  Only has minimal analgesic properties and therefore must be augmented with opioids or (2-agonists if a painful procedure is to be performed.

C. Etomidate
Etomidate is an intravenous, ultra short acting imidazole derivative anesthetic.  Preserves cardiac and respiratory function.  Rapid recovery after bolus or continuous infusion.  Suppresses the adrenal cortical stress response to anesthesia and surgery.  Disadvantages: pain on injection and high cost.

D. Dissociatives
Increase cardiac output by increasing heart rate.  Improves circulation but causes increased myocardial work.  Elimination and recovery require hepatic metabolism.  Recovery can be accompanied by delirium.

Ketamine alone should only be used for diagnostic or minor surgical procedures.  Used in combination with diazepam (dogs and cats), midazolam (dogs), and medetomidine (cats).

Telazol is a combination drug containing the dissociative tiletamine and the benzodiazepine zolazepam.  Most useful for substantial restraint or light general anesthesia.  Risk of substantial respiratory depression at higher doses.

Combinations of Telazol with ketamine and xylazine have been developed which offer advantages for general anesthesia.  

E. Chloralose
Frequently used for cardiovascular physiological studies because the hemodynamic profile in dogs given the agent is similar to that of conscious animals.  Useful for noninvasive, nonsurvival, cardiovascular procedures that require light anesthesia for 4-8 hours.  Should always be used in combination with a thiobarbiturate, methohexital, tranquilizer, or opioid to eliminate the tonic convulsions that occur.  Morphine/chloralose combination has been found to produce a more normal hemodynamic profile than pentobarbital or fentanyl used with chloralose.

F. Reversal or Antagonism of Injectable Anesthetics

Xylazine can produce mild to extreme bradycardia and reduce cardiac output.  Advanced second degree heart block with rates less than 30 BPM can occur.  Yohimbine can reverse the side effects of xylazine and other (2-agonists.

Naloxone reverses any of the opioids used in small animals.  May need repeated doses to reverse oxymorphone, if it was given in repeated doses.

Butorphanol can be used for partial reversal of the depressant effects of other opioids while preserving analgesia. 

Flumazenil reverses benzodiazepine tranquilizers such as diazepam and midazolam.

V. Balanced Anesthesia

Tranquilizers, sedatives, opioids, or other CNS depressants are components of “balanced” anesthesia in which their use reduces dosages of injectable or inhalant anesthetics, thereby minimizing the more adverse effects of high dosages of any one drug.

VI. Overview of Inhalation Anesthesia

Safety of inhalant anesthesia over injectable is attributed to supplemental oxygen.  Halothane and isoflurane have the widest application in dogs and cats.  Newer inhalants (desflurane and sevoflurane) have been described, but these are not yet in common use for research protocols.

Isoflurane is several times more expensive than the other inhalants.

The utility of nitrous oxide is limited by its low potency.  Relatively little reduction in other anesthetics is achieved through the use of nitrous oxide in animals.  Other disadvantages: reduction in delivered oxygen concentration, potential for diffusion hypoxia on recovery, diffusion of nitrous oxide into closed body cavities.   Can, however, facilitate mask or chamber induction, and it produces a sparing effect on cardiovascular function.

Isoflurane provides almost ideal characteristics of rapid induction and recovery with reduced potential toxicity and acceptable levels of cardiac suppression.  Has similar vapor pressure to halothane.  Can use most halothane vaporizers to deliver iso.  

VII. Hemodynamic Effects of Inhalation Anesthesia

The cardiopulmonary depressant effects of anesthetics are generally dose related.  All of the inhalants cause a decrease in ventilation and BP.  The notable hypotension is due to a combination of dilatation of the vascular smooth muscle and decrease in cardiac output.  With isoflurane, cardiac output remains near normal at clinically useful concentrations.  There is a dose dependant peripheral vasodilation that leads to a drop in BP, as with halothane.  Unlike halothane, iso produces a less pronounced effect on both the myocardium and the pumping function of the heart at equipotent anesthetic concentrations.  Isoflurane does not sensitize the heart to catecholamine induced arrhythmias.

VIII. Methods of Inhalation Induction of Anesthesia

The very low solubility of isoflurane allows for a very rapid induction and recovery.  It is by far the most suitable anesthetic for mask or chamber induction.  Rapid recoveries from halothane and isoflurane are usually smooth and free of excitement and delirium, particularly if a preanesthetic tranquilizer or sedative is used.  

IX. Intraoperative Monitoring and Physiological Support

Basic monitoring is directed at physical changes that may reflect the development of toxic side effects of anesthetics or may signal deterioration or inappropriate anesthetic depth.  Priorities in monitoring address circulation, ventilation, oxygenation, and neurological status.  Anesthesia records are important.  

X. Postoperative Care

A. Circulatory Complications
Common circulatory complications are hypotension and cardiac dysfunction.  Most common causes of hypotension are hypovolemia and ventricular dysfunction.  Dysrhythmias in the absence of cardiac manipulation are usually suggestive of hypoxemia or respiratory acidosis.  A rapidly developing bradycardia in the face of deteriorating tissue perfusion is indicative of severe hypoxemia.  Tachycardia is usually seen during post-op recovery and is usually the result of pain, hypovolemia, and hypercarbia.  

PVC’s and ventricular tachycardia are considered ominous signs and should be treated with a lidocaine bolus followed by continuous infusion.  Atropine is used to increase heart rate, and beta blockers (propranolol, esmolol) to eliminate excessive sympathetic activity and tachycardia and to treat dysrhythmias (PVC’s and ventricular tachycardia).

B. Respiratory Complications
Commonly occur in the immediate postoperative period.  Caused by accumulation of carbon dioxide and a residual neuromuscular block, which contributes to hypoventilation and hypoxemia.  Alveolar hypoventilation is considered when PaCO2 exceeds 45 mm Hg and is best diagnosed by the analysis of arterial blood gases. 

Clinical signs of arterial hypoxemia (PaO2 below 60 mm Hg) include restlessness, tachycardia, tachypnea, and may later progress to bradycardia, cyanosis, and severe depression.

Airway obstruction commonly occurs during the postoperative period in animals that have not remained sufficiently conscious to protect their airway.

C. Hypothermia
Postoperative hypothermia is commonly encountered due to many factors, including vasodilation, intraoperative heat loss from surgical wounds, and from the high flows of unhumidified gases in the breathing circuits.  Exposure to cold temperatures in the OR and unwarmed IV fluids will contribute to significant heat loss.  Young animals more affected than older.  Decreased platelet function and clotting factor activity can cause increased bleeding.  Shivering increases oxygen demand.

D. Renal Failure
Seen as a decrease in urine production to less than 0.5 ml/kg/hr.  Causes: decreased renal blood flow, intraoperative insult to kidneys due to hypoxia, renal vascular injury, or toxic drugs.

Treatment: placement of urinary catheter, restore adequate cardiac output, diuretics, renal vasodilators (dopamine).

E. Hemorrhage
Bleeding in the postoperative period is due to inadequate surgical hemostasis or coagulation disorders.

XI. Postoperative Analgesia

Severity of postoperative pain will vary depending on the site of surgery with thoracotomy, upper abdominal, and orthopedic surgeries considered to be the most painful.

Goal of pain management is to decrease the animal’s experience to noxious stimuli and to restore a more normal physiologic state to the components affected by pain.  Pain may interfere with respiration, which results in atelectasis, and arterial hypoxemia.

Assessing pain in animals is difficult.  To overcome the uncertainty of pain assessment, and to facilitate appropriate analgesic administration, quantification of pain may be necessary.  Calculation of pain score has been widely used in pediatrics.  Numerical rating scales allow a greater degree of sensitivity.

Opioids produce profound analgesia with mild sedation. 

Duration:

Morphine: 6 hours

Oxymorphone: 3-5 hours

Butorphanol: 3-4 hours

Buprenorphine: 6-12 hours

Epidural administration of opioids is and effective and safe alternative to parenteral opioids.  This method of producing a selective blockade of pain transmission has been shown to cause minimal depression of the sympathetic nervous system or interference with neuromuscular function.

A transdermal drug delivery system (fentanyl) offers a method of administering a drug in a slow and continuous fashion, resulting in a fairly constant plasma drug concentration for a prolonged period.

Rationale of using NSAIDs is that soft tissue inflammation may be a potent factor in postoperative pain.  Disadvantage is that most NSAIDs must be given orally.  Do not provide sufficient analgesic properties and are limited to adjunct therapy for acute states.

Aspirin can be used to control short term (2-4 hr) moderate somatic pain.

Carprofen is 5x as potent as ibuprofen and can be given orally or IV.

Ketorolac inhibits platelet function for 24-48 hr.

Local anesthetics are used for nerve blocks.  Lidocaine and Bupivacaine are used.

XII. Specific Considerations

A. Neonatal and Pediatric Animals
Subject to hypothermia due to immature thermogenesis and relatively great surface area to body mass ratio.  Tendency to develop hypoglycemia.  Neonates are dependent on maintaining heart rate in order to maintain cardiac output.

B. Cesarean Section
Because all drugs capable of crossing the blood brain barrier (anesthetics) also cross the placental barrier, principles of neonatal anesthesia should be considered.

C. Geriatric Animals
The limited reserve of the geriatric animal for hepatic and renal metabolism and the elimination of drugs are important considerations in anesthetic management.  Useful to select anesthetics that can be reversed, or can be totally eliminated by support ventilation (isoflurane), or drugs that have neither intrinsic toxicity nor significant adverse effects should their effects persist (glycopyrrolate, diazepam, butorphanol), or have very rapid metabolic elimination (propofol).

D. Extracorporeal Bypass
Although swine and ruminants are more popular models, dogs have been used in cardiopulmonary bypass and extracorporeal membrane oxygenation procedures.

E. Prolonged Surgical Procedures
Any anesthetic procedure of longer that 3-4 hours may warrant special attention.  Airway management, IV fluid volume, urine output and maintenance of body temperature are important.

F. Breed Considerations
Breed specific differences in drug metabolism have been noted in “sight hounds”, including greyhounds.  Inefficient hepatic biotransformation and altered distribution of injectable anesthetics make barbiturates less suitable for these dogs.

G. Ocular and Intraocular Surgery
Two goals: 1) avoid increases in intraocular pressure, and 2) support cardiovascular function.  The significant potential for oculocardiac reflex vagal stimulation suggests the use of anticholinergics.

H. Cardiac Dysfunction
Both dogs and cats are used as cardiovascular disease models.  Anesthesia must be adjusted to meet the disease condition.

PART B.  ANESTHESIA AND ANALGESIA IN FERRETS

I. Introduction

Ferrets have been used as animal models for bacterial and viral diseases, reproduction, and GI research.  Also for pediatric intubation training.

II. Unique Features of Ferret Anesthesia

May not be docile, so sedation or general anesthesia is frequently necessary.  Because of their small size and rapid metabolic rate, intraoperative and postoperative supportive techniques are often the same as those used for rabbits and large rodents.

III. Preoperative Patient Evaluation and Care

Best to purchase purpose bred, SPF ferrets.  Quarantine for 7 days.  Screening measures include PE, hematologic and biochemical screening, and fecal exam.  Blood is most frequently drawn from the cephalic, tarsal, or, less frequently, coccygeal venipuncture or by toenail clipping.  (Note from Ed: I have only been successful in bleeding ferrets from the jugular vein for CBC/Chemistry or toenail clip for PCV.  The other veins are to small or inaccessible, even in anesthetized ferrets.)

For chronic studies, OHE is performed on females to prevent aplastic anemia.  Vaccinated for feline (?) and canine distemper.

IV. Methods of Anesthetic Delivery and Equipment

Same as for small cats.  Endotracheal tubes, size 3-4 mm inside diameter, can be used.  Susceptible to laryngeal spasm.  Pediatric non-rebreathing circuits should be used.  IM injections can be given using a 25-27 gauge needle into the semimembranosus/semitendinosus muscles. IP injections are also used.  It is important not to give IP injections into the upper left abdominal quadrant due to the large spleen.

V. Sedatives and Tranquilizers

Acepromazine, xylazine, diazepam, and ketamine are used.

Parenteral Anesthetics

Use has declined

A. Barbiturates
Pentobarbital is most frequently used (IP).

B. Dissociatives
Ketamine: Used alone or in combination with xylazine of diazepam.

Tiletamine-Zolazepam: Causes abnormal respiration characterized by shallow rapid breaths, and an apneustic breathing pattern at higher doses.  May manifest violent sneezing throughout the duration of anesthesia and a rough recovery characterized by opisthotonos and excessive paddling and swimming motions.

Telazol/ketamine/xylazine: Rapid onset, 30 minute anesthesia, smooth recovery.  Hypoventilation, so support with oxygen via endotracheal tube.

C. Neuroleptanalgesics
Hypnorm is the neuroleptanalgesic of choice for ferrets in Europe.  Innovar-vet has not been described in ferrets.

D. Alphaxalone-Alphadolone (Saffan, Althesin)
This combination steroid anesthetic, which is only available outside of the U.S., has been frequently used in ferrets.  Sedation to light surgical anesthesia.  Moderate muscle relaxation, good analgesia, prolonged recovery (1-2 hrs).

E. Urethane
Used for acute (non-recovery) experiments.

VI. Inhalant Anesthesia

See dog and cat section above.

VII. Regional Anesthesia

Not used due to fractious nature of ferrets.

VIII. Monitoring of Anesthesia

Same as for cats

IX. Intraoperative and Postoperative Supportive Care

Volume deficits can be corrected by SQ, IP, IV or interosseous administration of warmed fluids.  Ferrets can be gavaged with a 3.5 - 55 French red rubber feeding tube.  Difficult to keep bandages or jackets on ferrets.  E-collars can be used, but must be removed several times a day to allow the ferret to eat, drink, and groom.

X. Acute and Chronic Analgesic Therapy

No published guidelines for analgesic management of ferrets.

Questions: Anesthesia and Analgesia in Dogs, Cats, and Ferrets

1.  What are the benefits of a preanesthetic evaluation?


a.  Establishment of baseline data


b.  Identification of preexisting physical abnormalities


c.  Identification of preexisting physiological abnormalities


d.  All of the above


e.  a and c above.

2.  Which catheter is less subject to positional problems but is more often associated with significant thrombosis?


a.  Cephalic catheter


b.  Saphenous catheter


c.  Jugular catheter


d.  Arterial catheter


e.  All of the above are equally subject to these problems

3.  Superior absorption has been documented with injection into which of the following muscles?


a.  Cranial thigh muscles


b.  Caudal thigh muscles


c.  Lumbar spinal epaxial muscles


d.  a and b above


e.  a and c above

4.  T/F: A brief application of alcohol decreases the risk of a septic or sterile abscess following an IM injection.

5.  Which volatile anesthetic is most suitable for chamber or mask induction?


a.  Isoflurane


b.  Halothane


c.  Methoxyflurane


d.  All of the above are equally suitable for chamber or mask induction

6.  An endotracheal tube cuff should be inflated with just enough air to prevent leaks when the anesthetic breathing bag is gently squeezed to what pressure?


a. 5 cm water


b. 10 cm water


c. 15 cm water


d. 20 cm water


e. 25 cm water

7.  What is the above volume of air (question 5) known as?


a.  Minimal leak-proof volume


b.  Minimal no-leak volume


c.  Maximal no-leak volume


d.  Minimal no-leak pressure


e.  Maximal no-leak pressure

8.  Which of the following does NOT increase the vagal parasympathetic nervous system tone?


a.  Endotracheal intubation


b.  Administration of atropine


c.  Visceral traction or manipulation


d.  Ocular procedures


e.  Manipulation of the carotid sheath

9.  Which of the following drugs is difficult to reverse due to its high affinity for opioid receptors?


a.  Buprenorphine


b.  Butorphanol


c.  Xylazine


d.  None of these can be reversed


e.  All of these can be reversed easily

10.  Both _______ and _________ cause histamine release, and therefore are not injected intravenously.


a.  Butorphanol, Buprenorphine


b.  Acepromazine, Xylazine


c.  Diazepam, Midazolam


d.  Morphine, Meperidine

11. Which barbiturate has been recommended for induction of anesthesia in sight hounds?

a.  Thiopental


b.  Methohexital


c.  Thiamylal


d.  Pentobarbital


e.  None of the above - all barbiturates are contraindicated in sight hounds

12.  Which of the following describes propofol (diisopropyphenol)?


a.  Barbiturate, non-dissociative injectable sedative-hypnotic


b.  Non-barbiturate, dissociative injectable sedative-hypnotic


c.  Non-barbiturate, non-dissociative injectable sedative-hypnotic


d.  Barbiturate, dissociative injectable sedative-hypnotic


e.  None of the above

13.  T/F: The disadvantage of etomidate is it’s propensity to interfere with cardiac and respiratory function.

14.  Chloralose is frequently the anesthetic of choice for cardiovascular physiological studies in dogs.  It is particularly useful for noninvasive, ____________, cardiovascular procedures of 4-8 hour duration.


a.  Survival


b.  Non-survival


c.  Survival or non-survival

15.  Chloralose should always be used in combination with a barbiturate, tranquilizer, or opioid to prevent what side effect?

a.  Tonic-clonic seizures


b.  Tonic convulsions


c.  Prolonged induction


d.  Violent recovery

16.  Which drug will reverse benzodiazepines?


a.  Yohimbine


b.  Flumazenil


c.  Naloxone


d.  All of the above


e.  None of the above

17.  T/F: Except for in humans, relatively little reduction in other anesthetics is achieved through the use of nitrous oxide.

18.  T/F: Most halothane specific precision vaporizers can be used for accurate delivery of isoflurane.

19.  Postoperative hypothermia results from which of the following?


a.  Vasodilation


b.  Unhumidified gases in the breathing circuit


c.  Use of warmed fluids


d.  a and b


e.  b and c

20.  Which of the following would you expect to offer the least pain relief postoperatively?


a.  Butorphanol


b.  Oxymorphone


c.  Buprenorphine


d.  NSAIDs


e.  Morphine

21.  T/F: Drugs that cross the blood-brain barrier typically cross the placental barrier.

22.  T/F: Ferrets are typically very docile creatures that don’t require tranquilization for minor procedures.

23.  Which abdominal quadrant should be avoided when giving an IP injection to a ferret?


a.  Upper right


b.  Upper left


c.  Lower right

d.  Lower left

Answers:

1.  d

2.  c

3.  e

4.  F

5.  a

6.  c

7.  b

8.  b

9.  a

10.  d

11.  b

12.  c

13.  F

14.  b

15.  b

16.  b

17.  T

18.  T

19.  d

20.  d

21.  T

22.  F

23.  b

Anesthesia and Analgesia in Swine

CH 14

I.
Anatomic and Physiologic Characteristics

When considering the hemodynamic effects of anesthetics on studies using different stocks, it is not appropriate to compare pigs by body weight without indexing body surface area.  Mini breeds are more mature than domestic swine at the same body weight.

Swine are prone to vasospasm and many peripheral vessels are not readily visualized.  Swine are also highly susceptible to ventricular arrhythmias and have fragile pulmonary tissue.  They have a left hemiazygous vein that drain the intercostal vessels into the coronary sinus.

II.
Anesthetic Delivery

IM-thigh and neck

Sub Q- neck or flank - the pig is a fixed skin animal.

IV- lateral and medial ear veins, cephalic veins located on the cranial aspect of the foreleg between the carpus and the elbow joint.

Cranial vena cava-thoracic inlet on right side.

Method of endotracheal intubation: use lidocaine to reduce laryngospasm.

Use 195 mm laryngoscope blade.

III.
Inhalation Anesthesia

A. Nitrous Oxide
Contraindicated alone.  Primary advantage is derived from the ability to reduce requirement of other anes agents and reducing cardiovascular depression.

B. Halothane
A potent myocardial depressant.  Coronary blood flow, oxygen consumption and myocardial metabolism decrease with increasing halothane concentrations.  Coronary steal results when coronary vasodilation distributes myocardial blood flow away from collateral-dependent zones to a normally perfused area resulting in ischemia to the flow-limited area.  Halothane compared to isoflurane is more depressant to global ventricular function.  Halothane has a lower margin of safety compared to isoflurane.  Halothane increases the sensitivity to arrhythmogenic effects of epinephrine.  

C. Isoflurane
Has a more rapid induction and recovery due to lower blood gas solubility.  Has greatest margin of cardiovascular safety.  Use of nitrous maintains heart rate, cardiac output, and myocardial oxygen uptake to near conscious animal levels.  Neonates develop severe bradycardia, and hypotension.  Iso is potentially dangerous to “steal prone” patients.  Preferred in liver transplant surgery.  Does not cause hepatic injury.  Considered the inhalant anesthetic of choice in swine.

D. Enflurane
At high-inspired concentration can cause muscle rigidity and seizure activity.

E. Desflurane
The cardiovascular effects are similar to isoflurane- vasodilation, hypotension, and dose-dependent myocardial depression.  Undergoes little or no metabolism.  Has been identified as a trigger for MH.

IV.
Injectable Anesthetics and Tranquilizers

A. Tranquilizers, Sedatives, and Anticholinergics
· Phenothiazines:  produces an (-adrenergic blockade in higher does, which may be a contraindication for their use in some cardiovascular studies.

· Benzodiazepine tranquilizers:  provide good hypnosis and sedation; have been associated with hypothermia with prolonged use.  Flumazenil-a reversal agent has not been described in swine.  Midazolam (Versed) has been used as a sole agent for 20 min of deep sedation.

· Butyrophenone tranquilizers:  droperidol and fluanisone are not routinely used as sole agents.  Azaperone has been used as a preanes or in higher doses an immobilizing agent.

· (-adrenergic agonists: xylazine, and medetomidine- usually used with other agents.

· Xylazine has only transient analgesic activity in swine, produces hypotension and 1-3 degree heart block.  It is not satisfactory as a sole agent.

· Medetomidine-described as the best agent in LAS 46(2).  Reversed by atipamezole.

· Anticholinergics:  dry secretions and vagolytic effect during intubation.  Atropine or glycopyrrolate.

B.
Dissociative Agents

The most commonly used injectable anesthetic agents in swine.  Provide rapid, safe immobilization with minimal depression of the cardiovascular system.  Poor muscle relaxation and little visceral analgesia so used in combination with other agents.   Ketamine:  characterized by catatonia.  Unsatisfactory as a sole agent because of inadequate analgesia and muscle relaxation.

Ket-Ace (or azaperone)- 30 min chemical immobilization, good preanesthetic

Ket-Midazolam- 45min immob, profound hypothermia, requires 1-4 hrs before righting reflex.

Ket-Medetomidine- 30min deep sedation, profound, but reversible hemodynamic depression.

Ket-Xyl- immob or minor surgery.  Analgesic effects of Xyl only lasts 5 minutes. 

Ket-Xyl-Oxymorphone- provides short term chemical restraint for minor surgery.

Ket-Climazolam(diazepam) immobilization

Tiletamine-zolazepam-20 min immobilization suitable for minor surgery.  This combo produces hypothermia and cardiodepression.

Most of the IM preparations provide only 20-30 min of anesthesia suitable for minor procedures or for induction prior to inhalants.  Of all the combos, only Ket-Xyl, Ket, Mid, Ket, Xyl-glycerol guaiacolate and Til-Zol-Xyl abolish the swallowing reflex for endotracheal intubation.

C.
Barbiturates
The pig is prone to apnea, use dilute solution.  Continuous infusion rather than IV boluses better for cardiopulmonary depression.   Ultra short- Induction of anesthesia and intubation use thiopental or thiamylal.  Intermediate- Pentobarbital can be used for prolonged anesthesia.  A cardiodepressant, metabolized by the liver, may have prolonged recovery time.

D.
Opioids
Used with other agents to enhance analgesia, produce balanced anesthesia and in large doses stabilize the heart for surgery.  Protects from arrhythmias.  Fentanyl, as a bolus and Sufentanil, as IV infusion reduces muscle rigidity.  Do not use with paralytics until animal is adequately anesthetized.  

Fentanyl-Droperidol produces short-term immobilization suitable for pre-anes and minor surgery.  Or combine with ketamine for 30 min of anesthesia.

Naloxone reversal.

E. Misc Injectables
Saffan – alphaxalone + alphadolone- a short acting IM anesthetic.  Contraindicated with barbiturates.

(-chloralose- minimal cardiac depression, spares baroreceptors

Etomidate-minimal analgesia and muscle relaxation.

Propofol-an IV hypnotic agent

Metomidate-other combos are better

V. Regional Anesthesia

To minimize stress and achieve immobilization, regional anesthesia should be performed using sedatives and with the animal physically restrained in a sling.  Lidocaine - 90-180 min, bupivicaine - 180-300 min.

The most commonly used form of regional anes in farm swine is epidural analgesia at the lumbosacral space.  Paravertebral analgesia used for postop pain after thoracotomy.

VI. Analgesia

Most analgesics have a short half-life in swine.  List of usable agents.  Opioids can be used as continuous IV infusions.  Morphine causes excitement as in cats.  Butorphanol is the postoperative analgesic of choice; effective for 8-12 hrs in higher doses.

For musculoskeletal pain- phenylbutazone, aspirin- enteric coated due to gastric ulcer predisposition.  NSAIDS Ketoralac or ketoprofen have been reported effective.

VII. Intraoperative Support and Monitoring

Focus is to maintain pulmonary and cardiovascular systems and maintain body temperature.  ECG monitoring is recommended to detect dysrhythmias.  Normal swine have a prolonged Q-T interval.

A.
Cardiac Arrhythmia’s
Swine are prone to development of fatal cardiac arrhythmia’s secondary to cardiac surgery, vagal manipulation etc.  Mini swine may be less susceptible. Bretylium (q30 min slow IV) or lidocaine can be used to prevent.  Pig skin has high electrical resistance so set the paddles on high.

Assessment of anesthesia- jaw tone, absence of pedal reflex in response to painful stimuli and a stable heart rate.  Normal HR=70-150, ocular reflexes are not reliable.

B. Support
The pig is very prone to hypothermia especially in prolonged anesthesia.  Also prone to pulmonary edema and pooling of blood in the abdominal viscera.

C. Postsurgical Care
Extubation should be performed only after a strong surgical reflex is present.  Post-op antibiotics rule of thumb when using human meds-use pediatric dose and dosing schedule.

VIII. Special Anesthetic Considerations

A.
Malignant Hyperthermia

A genetic condition occurring in Poland China, Landrace and Pietrain breeds, but not in miniswine.  MH is a “fulminant and hypermetabolic state of skeletal muscle” induced by volatile inhalation anesthetics, succinyl choline and perhaps stress and exercise.

· Pathophysiology- uncontrolled increases in intracellular calcium.  This leads to:  1) activation of contractile elements, 2) hydrolysis of ATP, 3) heat production, 4) oxygen consumption, 5) CO2 and lactate production, 6) uncoupling of oxidative phosphorylation, 7) eventual cell breakdown and release of ic contents.

· Recognition:  1st cardinal sign- inc in end tidal CO2, concurrent tachycardia and tachypnea plus and increase in temp.  

· Triggers:  succinylcholine, halothane, iso, enflurane, desflurane, etc.

· Prevention and management:  Dantrolene is the drug of choice.  A hydantoin derivative act distal to the end plate within the muscle fiber.  2 tables with drugs used to manage hyperthermia.

B.
Cardiopulmonary Bypass

Refer to pictures.

Two types of oxygenators:  bubble (non-survival) and membrane (survival).

Basics- pump priming prior to bypass, myocardial protection- 3 methods- 1) chemical cardioplegia, 2) electrical fibrillation and 3) hypothermic cardioplegia.  Anticoagulation, pump flow rates and monitoring, central venous pressure, weaning off pump and anesthetic management.

Progressive sustained rise in CVP is a hallmark for cardiac failure or peripheral vasoconstriction if colloids were not used.

C.
Pregnant Animals/Fetal Surgery 

In dorsal recumbency the gravid uterus can compress the aorta.  The sow has diffuse epitheliochorial placenta so most anes can cross the placenta

Questions:

1. Which combination of intramuscular anesthetics produces good muscle relaxation and 30 minutes of deep sedation with profound but reversible hemodynamic effects?

a. Ket-Xyl

b. Ket-Climazolam

c. Ket-Ace

d. Til-Zol

e. Ket-Medetomidine

2. What is considered the inhalant agent of choice in swine?

a. Isoflurane

b. Enflurane

c. Halothane

d. Methoxyflurane

3. Alpha-2 adrenergics cause heart rate to increase/decrease and cause a hypotensive/hypertensive state?

4. Which alpha-2 adrenergics provide analgesia?

a. xylazine

b. detomidine

c. medetomidine

d. atipamezole

e. all of the above

f. a & c

5. Which of these breeds are susceptible to malignant hyperthermia?

a. Yorkshire

b. Sinclair

c. Hormel

d. Goettingen

e. All of the above

6. Which statement in not true regarding the pathophysiology of MH?

a. massive influx of calcium into the cell.

b. Transmitted as an autosomal dominant Hal genotype

c. Due to a C to T defect at nucleotide 1843

d. Related to the calcium release channel at ryr-1 locus

e. All of the above are true

7. The first cardinal sign of MH is?

a. an increase in body temperature

b. an increase in HR and RR

c. an increase in PaCO2
d. an elevation in end tidal CO2
e. a severe rhabdomyolysis

8. Coronary steal is described as:

a. a band of fibrous tissue that circle the heart

b. atrophy of heart musculature

c. a shunting of blood away from ischemic areas

d. collateral circulation which allows for perfusion of collateral dependent areas

9. MAC stands for?  What units is it expressed in?

10. Which inhalant has the highest MAC?

a. halothane

b. isoflurane

c. nitrous oxide

d. desflurane

11. Why should nitrous never be used as a sole anesthetic agent?

a. high abuse potential

b. low solubility

c. low potency

d. cardiovascular depression

12. Why is isoflurane preferred in liver surgery?

a. rapid induction and recovery

b. does not cause hepatic injury

c. higher intraoperative blood pressure

d. greatest margin of cardiovascular safety

e. all of the above

13. Which of the following statements regarding Intraoperative ECG monitoring for swine in FALSE? 

a. ECG monitors the adequacy of circulatory function

b. Swine have a prolonged Q-T interval

c. Use of bretylium every 30 min will reduce cardiac arrhythmias

d. Miniature swine are less susceptible to cardiac arrhythmias

e. A heart rate below 70 is considered bradycardia

14. Which parameter is not recommended for monitoring anesthetic depth?

a. ocular reflexes

b. pedal reflexes

c. heart rate

d. jaw tone

e. mucous membrane color

Answers:

1.  e

2.  a

3.  Decrease, hypotension


4.  f

5.  a

6.  e

7.  d

8.  c

9.  Minimum alveolar concentration, volume %

10.  c

11.  c

12.  e

13.  a

14.  a
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