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302 e Pharmacology

Local infiltration of ketamine may produce a brief period of
local anesthetic effect.303! When administered simultaneously
with bupivacaine, ketamine doubles the duration of analgesic and
local anesthetic effects of bupivacaine.? This peripheral anal-
gesic effect of ketamine may be attributed to one or all of the
following mechanisms: (a) blockade of sodium and potassium
currents in peripheral nerves, (b) blockade of NMDA, a-amino-
hydroxy-5-methyl-4-isoxazoleproprionic acid (AMPA), and kai-
nite receptors on unmyelinated axons, and (c) blockade of gluta-
mate effects on C-fiber free-nerve endings.33-37

Similar to systemic administration, epidural ketamine appears
to produce profound somatic but poor visceral analgesia.
Epidural administration produces a dose-dependent analgesic ac-
tion. 839 In rats, gedose of 6 mg/kg induces motor blockade last-
ing 5 to 15 min, whereas sensory blockade alone occurs with
lower doses (4 mg/kg).*® In horses, the caudal epidural injection
of lowgr doses of ketamine (0.5, 1.0, or 2.0 mg/kg) prevents no-
Qnmwaﬂ\m responses initiated by surgical incision and is associ-
ated with dose-dependent perineal analgesia.*!*2 In halothane-
anesthetized ponies, epidural ketamine reduces the minimum
alveolar concentration (MAC) of halothane between 14% (at a
dose of 0.8 mg/kg) and 12% (at a dose of 1.2 mg/kg), which is
similar to the reduction in MAC achieved with epidural morphine
administration (14%).*> When combined with epidural xylazine
(0.5 mg/kg), ketamine (1 mg/kg) induces perineal analgesia last-
ing 20 min or longer. In some horses, analgesia is extended to the
thigh and flank regions.** In another study, the subarachnoid ad-
ministration of ketamine (1 to 2 mg/kg) at the L1-L2 interverte-
bral space of dogs produced analgesia of the hind limbs.43

Tissue trauma produces continuous nociceptive stimulation of
C fibers that activates NMDA receptors in the central nervous
system (CNS). This activation of NMDA receptors decreases the
threshold to glutamate, making them more responsive to stimuli.
As a result, windup may develop, which is clinically manifested
as an exaggerated response to subthreshold noxious stimuli fol-
lowing a primary injury and amplification of postoperative
pain.*647 These results have led to the concept of preemptively
treating central sensitization as an important part of pain man-
agement. Consequently, the administration of ketamine at sub-
anesthetic doses as a continuous-rate infusion in combination
with other analgesics (e.g., opioids) has gained popularity in pre-
venting or minimizing pain following surgery in both people and
animals.*8-53

Dissociative anesthetics induce significant increases in cere-
bral blood flow (CBF), intracranial pressure (ICP), and cere-
brospinal fluid pressure as a result of cerebral vasodilation and
clevated systemic blood pressure.*% The mechanism of
ketamine-induced elevated ICP remains controversial. Ketamine
increases CBF and ICP in awake goats when arterial carbon
dioxide partial pressure (PaCO,) is allowed to rise but has no ef-
fect on CBF and ICP when PaCO, is maintained at a preketamine
level, suggesting an indirect mechanism.%'-%2 In piglets with pre-
existing intracranial hypertension, ketamine induced further in-
creases in ICP, paralleling a rise in PaCO,. When ventilation was
controlled, no increase in ICP was observed in piglets with nor-
mal or elevated ICP.%? These studies suggest that initiating con-

trolled ventilation is prudent when dissociative anesthetics must
be administered to patients with intracranial disease. Increased
skeletal, thoracic, and abdominal muscle tone can also impede
venous return from the head, increasing intracranial blood vol-
ume and pressure.5263

Dissociative anesthetics may not be contraindicated in all pa-
tients at risk for intracranial hypertension, particularly when ad-
ministered in the presence of another anesthetic and/or when
controlled ventilation is instituted. It has been hypothesized that
when ketamine is administered in the presence of another anes-
thetic, the second anesthetic may suppress ketamine’s excitatory
effect on the CNS. Nevertheless, administration of ketamine
should be avoided in spontaneously breathing patients with sus-
pected intracranial hypertension or disease until scientific evi-
dence to the contrary emerges. :

Abnormal behavior, which may progress to delirium, may oc-
cur during emergence from dissociative anesthesia. Depression
of the inferior colliculus and medial geniculate nucleus leading
to misperception of auditory and visual stimuli may be responsi-
ble for this reaction.®* Emergence reactions are characterized by
ataxia, increased motor activity, hyperreflexia, sensitivity to
touch, and sometimes violent recovery.!6:6%66 These reactions
usually disappear within several hours without recurrence. Pre-
medication with or concurrent administration of a,-adrenergic
agonists, acetylpromazine, or a benzodiazepine (e.g., diazepam,
midazolam, or zolazepam),decreases the incidence and/or sever-
ity of emergence reactions.67-72 ‘

Effects on the Cardiovascular System

The cardiovascular effects of dissociative anesthetics are charac-
terized by indirect cardiovascular stimulation. Various effects on
target organs include sympathomimetic effects mediated from
within the CNS, inhibition of neuronal uptake of catecholamines
by sympathetic nerve endings, direct vasodilation of vascular
smooth muscle, and an inotropic effect on the myocardium.”3-76
Heart rate and arterial blood pressure usually increase as a result
of increased sympathetic efferent activity.”” Plasma concentra-
tions of epinephrine and norepinephrine can increase within 2
min of intravenous administration of ketamine and return to con-
trol levels 15 min later.”® In dogs and cats anesthetized with ket-
amine, mean arterial pressure, heart rate, and cardiac output in-
crease while peripheral vascular resistance remains mostly
unchanged.??7°-8 Myocardial stimulation is associated with in-
creased cardiac work and myocardial oxygen consumption. In
healthy animals, increases in myocardial oxygen supply usually
result from increased cardiac output and a decrease in coronary
vascular resistance such that increases in coronary blood flow
parallel the increase in oxygen consumption.8>-3¢ However, some
studies indicate that ketamine-induced increases in coronary
blood flow may be insufficient to meet myocardial oxygen de-
mand, especially if cardiovascular disease is present.87#8 The
cardiovascular stimulating effects induced by dissociative anes-
thetics are blunted or prevented by prior administration of a ben-
zodiazepine, droperidol, acetylpromazine, or a,-adrenergic ago-
nists, or the concomitant administration of inhalation anesthetics,
including nitrous oxide, 8993
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304 e Pharmacology

sions, in dogs (Tables 12.1 and 12.2).66:109 To reduce these unde-
sirable effects, dissociatives are often used in combination with
adjunctive drugs. Benzodiazepines induce a central muscle relax-
ant effect that decreases the muscle hypertonus associated with
Kketamine.}2? In a comparative study, both midazolam-ketamine
and diazepam-ketamine combinations induced minimal cardio-

mine when given alone, although the metabolism of zolazepam
can vary among species and may result in a longer or shorter ef-
fect relative to tiletamine. Intravenous administration of acepro-
mazine (0.11 mg/kg) and ketamine (11 mg/kg) induces anesthe-
sia for 10 to 35 min, with good muscle relaxation and smooth
recovery.®

Xylazine (1.1 mg/kg intramuscularly [IM]) or medetomidine

vascular and respiratory effects. Time to intubation was signifi-
ketamine, but recovery seemed to

cantly shorter with midazolam-
130 Zolazepam is com-

be smoother with
bined with tiletamine i
Telazol. This combination reduce

Table 12.1. Use of ketamine alone or ketamine combinations in dogs.
Drug(s) #*  pose{mg/kg) and Route Duration {min) Comment
Ketamine alone 10, IV , 1548 T Muscle tone
. Short duration
, Anesthesia inadequate for surgery
1 or 2, intrathecally — Analgesia of the hind limbs
10 pg/kg/min, CRI — | 1soflurane MAC by 25%
Ketamine K 10 pg/kg/min; L 50 — ! Isoflurane MAC by 45%
Lidocaine pa/kg/min; M 3.3 pg/kg/min, IV
Morphine Simultaneously for CRI
Acepromazine 0.55, IM 20-90 Occasional seizures
Ketamine 11-22, IM
Thiamylal To effect, IV
Acepromazine A05,IV; K10 IM — Good restraint
Ketamine A02,IV; K10 IV 39+8 Clinical anesthesia, less muscle rigidity
A0.22, IM; K 11-18 IM — Restraint, spastic movements, and prolonged recovery
Xylazine X 0.55-1.1, IM; K 22, 1V, to effect — Surgical anesthesia, muscle relaxation, and analgesia
and for abdominal surgery
Ketamine X 22, IM; K11 1M — Occasional seizures
X22IM;K55IM — Occasional seizures
X 0.22, 'M; K10, IM 28-36 —
X 1,1V, K10, IM 326 Better muscle relaxation than ketamine alone
X 1, IM; K15, IM 24.0+5.5 — '
Xylazine 1.1, IM 25-60 Occasional seizures
Ketamine 11-22, IM
Thiamylal To effect, IV
Atropine A0.04, IV; X 1.1, 1V; K11, IV — —
Xylazine A 0.044, IM; X 1.1 IM; K22 M 17-35 7T Risk in dogs with cardiopulmonary disease
Ketamine
Guaifenesin G 50 mg/mL; X 0.25 mg/mL; K 1 mg/mL 120 Stable anesthesia
Xylazine Induction, 0.55 mL/kg, IV
Ketamine Maintenance, 2.2 mi/kg/h, IV
Medetomidine M0.04,IM; K25, IM 7.0£0.9 —
Ketamine M 0.04, IM; K5, IM 30.0+4.9 Longer duration of muscle relaxation, and recovery than
. xylazine-ketamine, and prolonged recovery
M 0.04, IM; K7.5, IM 51+8 —
M 0.04, IM; K 5, IM >75 Significant cardiovascular changes
Diazepam D0.28, IV; K5.5, IV — Suitable induction for greyhound
Ketamine
Midazolam M 0.5, 1V; K10, IV 13.3x3.1 T Heart rate, mild respiratory depression, and better
muscle relaxation
Ketamine M 0.28, IV; K 5.5, IV — More myoclonic movements, shorter time to intubation,
r\\\ and suitable induction for greyhound

&mN%mE-w@SBEm.
1 a fixed ratio in the proprietary mixture
s the adverse effects of tileta-

surgery.

(10 to 30 pg/kg [IM]) is often used with ketamine (5 to 10
mg/kg IM) for short-term anesthesia of 25 to 40 min. The keta-
mine dose can be adjusted, depending on the desired duration of
109.131 1 high-strung small-breed dogs, small ketamine

CRI, continuous-rate infusion; IM, intramuscularly; IV, intravenously; MAC, minimum alveolar concentration.

|\|
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306 e Pharmacology

mg/kg) will often prolong objectionable behavioral signs (rest-
lessness, vocalization, and changes in ability to approach and re-
strain).!3% Telazol has been used alone or in combination in cats.
Zolazepam appears to be metabolized at a slower rate than tilet-
amine in this species, resulting in residual muscle relaxation and
sedation, which often prolongs complete recovery. Xylazine and
ketamine have been combined with Telazol to alter the dissocia-
tive anesthetic-benzodiazepine ratio, improving recovery charac-
teristics, as well as facilitating possible antagonism with an a,-
adrenergic antagonist. This combination, which has been called
TKX (Telazol-ketamine-xylazine), is made by reconstituting 500
mg of Telazol powder with 100 mg (1 mL of 100 mg/mL) of xy-
lazine and 400 mg (4 mL) of ketamine. The resulting solution is
very potent and, by using an insulin syringe, is more accurately
dosed at 0.1 mL/5%g of body weight. .

Phenothiazine tranquilizers such as moo?oamﬁmm have been
combined with ketamine for better muscle relaxation and a
smootHer recovery. However, phenothiazine derivatives are a-
adrenoceptor antagonists, and hypotension, prolonged recovery,
and hypothermia may occur if they are used in higher doses.

oy-Adrenergic agonist-ketamine combinations have often
been used in cats. Xylazine (0.5 to 1.1 mg/kg IM), with or with-
out atropine, is administered 20 min before ketamine (11 to 22
mg/kg IM).%8:140 Emesis is a common side effect of xylazine in
cats, and it has been suggested that this should be allowed to
occur prior to ketamine administration so as to prevent aspiration
of stomach contents.®® When compared with acepromazine (0.11
mg/kg IM)-ketamine (4.6 mg/kg IM), the simultaneous adminis-
tration of xylazine (0.23 mg/kg IM)-ketamine (4.6 mg/kg IM)
produces a longer anesthetic action. However, xylazine-ketamine
anesthesia is also accompanied by longer-lasting cardiopul-
monary depression. !4

Medetomidine (10 to 80 ug/kg IM) has been combined with
several different doses of ketamine (2.5, 5, 7.5, and 10 mg/kg IM)
in cats undergoing ovariohysterectomy. The dose of ketamine is
usually reduced as the medetomidine dose increases. Apnea may
occur when the ketamine dose approaches 10 mg/kg. Good mus-
cle relaxation and profound analgesia are comparable to that
achieved with xylazine (1 mg/kg IM)-ketamine (10 mg/kg IM),
and anesthesia lasts longer than it typically does with the acepro-
mazine (I mg/kg IM)-ketamine (10 mg/kg IM) combina-
tion.'42143 Specific a,-adrenergic antagonists such as atipame-
zole have been used to reverse medetomidine-ketamine
anesthesia. Atipamezole dosed at two- to threefold the medeto-
midine dose is effective in antagonizing most of the anesthetic
and analgesic effects of the E.oamﬁo:m&so-wﬁmsizm combina-
tion.144145 Recovery to sternal recumbency usually occurs
within 10 to 12 min after injection.'46 Bradycardia, vomiting,
and excessive salivation, not unlike those seen with xylazine-
ketamine, are the most common side effects following (2 to 5
min) medetomidine-ketamine administration. 4

The use of oxymorphone, morphine, meperidine, and butor-
phanol has been assessed in combination with ketamine in
cats.!#8:149 When administered at oxymorphone’s peak effect, the
ketamine requirement is decreased by 2.5% to 10%.'48 Appar-
ently, the administration of morphine or meperidine neither im-

proves nor reduces the anesthetic effects of ketamine.'** Adding
butorphanol (0.1 mg/kg IV) to ketamine (8 mg/kg IV) appears to
increase the intensity and duration of analgesia for a variety of
procedures. The most effective dose of butorphanol ranges from
0.05 to 0.2 mg/kg IV. Some clinicians’ experiences suggest that
doses below and above this range provide less analgesia. It is im-
portant to realize that butorphanol is an opioid agonist-antagonist
that has a ceiling effect on analgesia as well as undesirable opi-
oid actions (e.g., respiratory depression). Doses above 0.2 mg/kg
may cause CNS stimulation that is unaccompanied by an in-
creased analgesic action. Tables 12.3 and 12.4 further summarize
the use of ketamine and Telazol either alone or in combination
with other drugs for use as anesthetics in cats.

Horses R

Dissociatives should not be used as a monoanesthetics in horses
because of the potential for dangerous and uncontrollable behavior
and muscle incoordination. Preanesthetic sedation and tranquiliza-
tion must be present before ketamine is administered. ap-
Adrenergic agonists (xylazine, detomidine, or romifidine) are most
commonly used for this purpose. Xylazine (1.1 mg/kg IV), fol-
lowed in 5 to 10 min by ketamine (2.2 to 3.0 mg/kg IV), induces a
short period of anesthesia in horses. Higher doses of ketamine
(2.75 to 3.0 mg/kg 1V) are usually required for ponies, young
“high-strung” Arabians, Hackneys, and thoroughbreds.!>0 Keta-
mine should not be administered if xylazine fails to produce ade-
quate sedation, and an alternative anesthetic technique (e.g.,
guaifenesin-thiobarbiturate mixture) should be ooﬁmm.ammoa._mo It is
not uncommon for heart and respiratory rates to decrease by one-
third after xylazine administration.!>! After ketamine injection,
heart rate may remain decreased while respiratory rate returns to
prexylazine values.!>! Cardiac output and systemic arterial, pul-
monary, and central venous pressures remain within normal ranges
during xylazine-ketamine anesthesia.!>! Duration of anesthesia
(15 to 20 min) is related to redistribution of ketamine to other body
tissues and hepatic metabolism. In horses, approximately 60% of
ketamine is metabolized by the liver, with the remainder excreted
unchanged in the urine.!> Anesthesia can be extended by admin-
istering one-third to one-half of the original dose of each drug.

In horses, the addition of butorphanol (0.01 or 0.02 mg/kg) en-
hances muscle relaxation and analgesia when using a xylazine-
ketamine combination.!3® Behavioral changes caused by butor-
phanol may be breed dependent. CNS stimulation characterized
by hyperresponsiveness and spasmodic lip movements has been
reported in high-strung individuals after butorphanol intravenous
administration, whereas deep sedation and ataxia were observed
at the same dose when given to a Belgian stallion.!>* For ex-
tremely painful procedures, methadone with and without ace-
promazine has been administered to enhance analgesia during
xylazine-ketamine anesthesia.!3%16

Ketamine (1.5 to 2.0 mg/mL) can be added directly to a 5% so-
lution of guaifenesin and the mixture administered as a rapid in-
fusion, or ketamine can be administered as a bolus (1.5 to 2.2
mg/kg IV) after administration of enough guaifenesin to produce
limb weakness (e.g., 1 to 2 mL/kg of a 5% solution). Less cardio-
vascular depression occurs with this combination, as compared
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Table 12.4. Use of Telazol alone or Telazol combinations in cats.

Drug(s) Dose and Route (mg/kg) Duration (min) Comment
Telazol alone 6-40, IM — —
Telazol alone 6-12, IM — Anesthesia
Telazol alone 12.8, IM 52.6+22.0 Salivation
Apneustic breathing
12.8, IV 52.8+17.3 Salivation
Apneustic breathing
Telazol alone 7.5, 1M 49.9+12.7 Surgical anesthesia
Mild muscle relaxation
Rough recovery
Telazol alone 9.7-11.9, IM . 30 Diagnostic examinations
e Dentistry
9.9, IV ‘o 25 Diagnostic examinatiors
, Dentistry
10.6-12.5, IM 60 Minor procedure (mild to moderate analgesia)
t 45, M 30-60 Qvariohysterectomy :
4.5, 1M —_ Onychectomy _
14.3-15.8, IM 60-135 — _
Telazol alone 10.4, IM (6-16) 64.6 (32-135) Satisfactory surgical anesthesia
Salivation
Telazol alone 9.7, IV 60 —
15.8, IV >90 Respiratory depression
23.7, IV >90 Respiratory depression
Telazol alone 3.1£0.99, M Inadequate analgesia for castration |
Acepromazine A0.1,IM; T, 3.4x1.09, IMor Adequate anesthesia for castration
Telazol 2.7£0.97, IV
Telazol alone 4.5£0.9, IM Adequate anesthesia for castration
4509, IV —_
Telazol alone 5 IV 20.2+10.3 Injection of doxapram and flumazenil speed
recovery
Telazol? 3.3, 1M 43.4+9.1 Smooth induction and recovery
Ketamine 2.64, IM Excellent muscle relaxation
Xylazine 0.66, IM Good analgesia

IM, intramuscularly; IV, intravenously.
aReconstitute with 4 mL of ketamine and 1 mL of 10% xylazine.

with thiopental-guaifenesin or thiamylal-guaifenesin anesthetic
induction.!3%157 Bolus administration of ketamine plus guaifen-
esin in foals rapidly induces anesthesia with good muscle relax-
ation and analgesia followed by a smooth recovery.!38
Continuous infusion of a guaifenesin-ketamine-xylazine com-
bination is safe and effective for extending anesthesia in adult
horses after xylazine (1.1 mg/kg IV) and ketamine (2.2 to 3.0
mg/kg 1V) induction. This drug combination is prepared by
adding 500 mg of xylazine and 2000 mg of ketamine to 1 L of
5% guaifenesin.'>*-16! In ponies anesthetized for 2 h with this
mixture, arterial blood pressure and left ventricular stroke work
index were transiently decreased for the first 15 to 30 min after in-
duction.!®? Cardiac index and arterial pH were also decreased for
15 min after induction. Hypoventilation with mild hypercapnia
was noted throughout the study. These changes are transient and
comparable to those reported for other injectable anesthetic drugs
or drug combinations. In ponies and foals, anesthesia can be in-
duced with a rapid intravenous injection of 1.1 mL/kg of the
guaifenesin-ketamine-xylazine mixture. Anesthesia may be main-
tained by continuous intravenous infusion of 2 to 4 mL - kg~ ! -

3

h~!, depending on anesthetic requirement. Standing recovery
usually occurs within 25 to 45 min of discontinuation of the mix-
ture.159-162 An ,-adrenergic antagonist such as tolazoline (2 to 4
mg/kg) can be administered IV to hasten recovery. When di-
azepam (0.1 mg/kg) is combined with xylazine (0.3 mg/kg) and
ketamine (2 mg/kg), muscle relaxation is improved when com-
pared with the administration of xylazine-ketamine alone.
Diazepam provides practical advantages over guaifenesin in com-
mercial preparation, smail volume, and case of administration. 163

Detomidine is approved for use in horses in the United States
as a sedative-analgesic for colic. Short-term anesthesia in horses
can be achieved with detomidine (20 pg/kg IV) sedation followed
in 6 to 8 min by ketamine (2.2 mg/kg IV). Mean arterial blood
pressure increases after detomidine-ketamine injection,'64163
When compared with xylazine, detomidine may induce better
muscle relaxation when combined with ketamine. Recovery can
be somewhat unpredictable. Occasionally, horses and ponies ex-
perience a rough recovery.'%® This may result from the longer se-
dation and muscle relaxation achieved with detomidine in some
animals. !64-166
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310 ® Pharmacology

Table 12.5. Use of ketamine alone or ketamine combinations in horses (continued).

Drug(s) Dose and Route (mg/kg) Duration (min) Comment
Xylazine X 1.1, IV; T0.044, IV; K2.2, IV — Longer recumbency
Temazepam
Ketamine
Romifidine RO.1, IV; K2.0-2.2, IV 10-25 Initial limb rigidity and mild muscle tremor
Ketamine
Romifidine R 0.08, IV; M 0.06, IV; K 2.2, IV 25-40 May require additional dose of MK
Midazolam R 20 mg, M 15 mg, K 500 mg in 50 mL Smooth recovery
Ketamine 0.9% NaCl; maintenance, 0.24 mi/kg/h,
IV; one-third of induction MK, IV if
#*  spontaneous movements oceur .

Ketamine alone 5-6 mg/100 kg in mccm_‘mo::oa,mmmom — Effective spinal block

10-12 mg/100 kg in subarachnoid space — Blockade of T13 to L3

* Effective surgical analgesia
0.5, 1, 2 mg/100 kg in caudal epidural space ~ 10-15 Dose-dependent perineal analgesia
5 mL of 1, 2, or 3% solution, infiltration at the | Halothane MAC by 14% and 12%, respectively
base of the proximal sesamoid Abaxial sesamoid nerve block

Xylazine X 0.5 mg/100 kg; K 1 mg/100 kg; simultan- >20 Perineal analgesia may extend to the thigh and
Ketamine eously in caudal epidural space flank region
Methotrimeprazine Me 0.5, IV; Mi 0.1, IV; G 100, IV; K 1.6, IV — Induction of anesthesia, smooth recovery
Midazolam
Guaifenesin
Ketamine
Detomidine D0.02, IV;K22, IV — Second dose of ketamine (1.4 mg/kg) given 15
Ketamine min after first dose; improve anesthesia

D 0.02, IV; K22, IV 10-43 Required more time than xylazine-ketamine to

assume recumbency, occasional poor
recovery, and longer-lasting hypertension

D0.021lv;K22, IV 26.8 (14-42) Smooth induction and occasional rough recovery
Guaifenesin G 50 mg/mL; D 5 pg/mL; K 2 mg/mL — Good muscle relaxation and analgesia, and
Detomidine Induction, 0.67-1.1 mL/kg, IV minimal cardiovascular effects
Ketamine Maintenance, 2.2-mb/kg/h, IV

G 100 mg/mL; D 0.04 mg/mL; K 4 mg/mL 140 Surgical anesthesia but may require additional

Maintenance, 0.67+0.17 mlL/kg/h, IV ketamine during surgery

Good recovery

Detomidine 0.02, Iv 36.2 (18-67) Smooth induction
Butorphanol 0.04, IV Smoother recovery
Ketamine 22, IV Muscle relaxation

IM, intramuscularly; IV, intravenously; MAC, minimum alveolar concentration.

maintained in adult cattle with a continuous infusion of ketamine
in saline or 5% dextrose solution (2 mg/mL) at a rate of 10
mL/min.!”> Clinical experience shows that guaifenesin-
ketamine-xylazine mixture is an effective anesthetic combination
in ruminants. The concentration of each drug in the mixture is 50
mg/mL, 2 mg/mL, and 0.1 mg/mL for guaifenesin, ketamine, and
xylazine, respectively. Anesthesia can be induced with 0.55 to
1.1 mL/kg initially and maintained with adjustment for surgical
stimulation with 2.2 mL - kg~! - h™! in adult cattle and 1.65 mL

-kg~!-h~!in calves, kids, and lambs. Anesthesia onset is grad-
ual but smooth. Muscle relaxation is excellent, easily enabling
tracheal intubation. Supplementation with oxygen (5 to 10
L/min) during procedures may help prevent hypoxemia. Mild
hypoventilation is induced by the anesthetic mixture. Surgical
procedures that can be performed in cattle anesthetized with
guaifenesin-ketamine-xylazine include femoral fracture plating
and pinning, penile surgery, umbilical hernia repair, cesarean
section, and celiotomy.!7? Tables 12.7 and 12.8 further summa-
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314 e Pharmacology

Table 12.8. Use of Telazol alone or Telazol combinations in ruminants.

Species Drug(s) Dose and Route (mg/kg) Duration (min) Comment
Calves Telazol alone 4, IV 50-60 Anesthesia
Xylazine 01,1V 66 Anesthesia
Telazol 4,1V
Cattle Telazol alone 2-6 — —
Sheep Telazol 12, IV 31 Adequate anesthesia
Butorphanol 0.5, IV (25-45)
Telazol alone 11.9+£2.7, IV 150 Cataleptoid anesthesia
8.1-16.8) (48-222) Excellent muscle relaxation
- Muscle relaxation not as good as single
wt dose .
Suppl,25.7, IV s 210
' (48-318)
v Telazol alone 144, IV 41.5 Satisfactory anesthesia for neurosurgical
(12-22) (25-65) procedures
Telazol alone 2.2-4.4, M — Immobilization
Telazol alone 8-22 — —
Telazol alone 12, v 39+5 Smooth induction
Gradual but unremarkable recovery
Apneustic breathing
Telazol alone 24,V 40+14 Smooth induction
Gradual but unremarkable recovery
Apneustic breathing
No atropine !
Telazol 9, M 14 Variable anesthetic response
Telazol 12, M 35 Surgical anesthesia
Telazol 15, IM 51 Prolonged anesthetic duration
With atropine 0.04, IM
Telazol 9, M 13 —
Telazol 12, 1M 28 — .
Telazol 15, IM 42 —
Atropine 0.03, IM 41.6+15.0 —
Telazol 13.2, IV
Xylazine 0.01, IM 101.7+26.0 Better muscle relaxation
Telazol 13.2, IV Longer anesthetic duration
Apnea
Llamas Telazol alone 4.4,IM 25-50 Chemical restraint

IM, intramuscularly; IV, intravenously.
4Suppl, supplemental dose.

rize the use of ketamine combinations and Telazol for anesthesia
in ruminants.

In llamas, xylazine (0.25 mg/kg IM) followed in 15 min by ke-
tamine (5 mg/kg IM) induces 30 to 60 min of anesthesia and re-
straint sufficient for minor procedures such as suturing lacera-
tions, abscess drainage, or cast application.!”3 If tracheal
intubation is desired, xylazine (0.25 mg/kg IV) with ketamine
(2.5 mg/kg IV) can be used. Changes in heart rate and blood
pressure are similar to those observed in other species. A recent
study compared the anesthetic effects of two combinations of Xy-

lazine (0.4 and 0.8 mg/kg IM) and ketamine (4 and 8 mg/IM) in
llamas. The low-dose combination induced sternal recumbency,
but analgesia-anesthesia was observed in only two llamas. The
high-dose combination produced longer recumbency (87 vs. 19
min) and analgesia (73 vs. 18 min). Severe hypoxemia was ob-
served in llamas receiving the high-dose combination, as evi-
denced by low saturation of peripheral oxygen measured by
pulse oximeter and low PaO, measured from arterial blood gas.
Hypoxemia can be treated effectively with nasal insufflation of
100% oxygen.174
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Table 12.11. Use of ketamine alone or ketamine combinations in exotic and wildlife animals (continued).

Common Names .
(Genus and Species) Drug(s}) Dose and Route (mg/kg) Duration (min) Comment Reference
Fallow deer Medetomidine 0.08-0.12, IM — Complete immobilization 192
(Dama dama) Ketamine 1-2,IM
Red deer Xylazine-ketamine mix (1:1)  Mature stags, 2 mL, IM@ — — * 194
(Cervus elaphus) Xylazine, 125 mg/mL Yearlings, 1.5 mL, IM2 —
Ketamine, 100 mg/mL
. Xylazine 1.2, 1M — — 195
Ketamine 1, IM
Domestic reindeer Medetomidine 0.025, IM — Complete immobilization 192
Ketamine 0.5, IM
Forest reindeer Medetomidine 0.059+0.013, IM (0.037-0.084 range) — Immobilization 196
(Rangifer tarandus fennicus)  Ketamine 0.9+0.3, IM
(0.4-1.9 range) .
Medetomidine 0.0487, IM — Complete immobilization 193
Ketamine 1.1, 1M '
White-tailed deer Xylazine 0.54-1.99, IM —_ Immobilization 197
(Odocoileus virginianus) Ketamine 3.78-14.77, IM
Xylazine 100 mg total, IM — — 198
Ketamine 300 mg total, IM
Xylazine 0.35, IM — — 189
(0.1-0.62)
Ketamine 292, IM
(1.65-6.2)
Medetomidine 0.06, IM — Complete immobilization 192
Ketamine 1.7, IM
Medetomidine 0.0593, IM — Complete immobilization 193
Ketamine 1.7, M
Formosan sika deer Medetomidine 0.233+0.061, IM (0.169-0.363) — Immobilization 192
(Cervus nippon taiouanus) Ketamine 2.33+0.61, IM (1.69-3.63) }
Elk Xylazine 600 mg total, IM — Immobilization 199
(Cervus canadensis) Ketamine 1200 mg, total, IM
Order Carnivora, family Canidae
Coyote Ketamine alone 12.3, IM 52 Immobilization 200
(Canis latrans) Extensive salivation
Rigidity
Xylazine 1.8-2.9,IM — Chemical restraint
Ketamine 9.2-14.7, IM (continued)
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Table 12.11. Use of ketamine alone or ketamine combinations in exotic and wildlife animals (continued).

Common Names =
(Genus and Species) Drug(s) Dose and Route (mg/kg) Duration (min) Comment Reference
Leopard cat Ketamine alone 8-25, IM — — 209
(Felis bengalensis) \
Cheetah Ketamine alone 8-12, IM — — ) 209
(Acinonyx jubatus) Ketamine alone 10 — — 208
. Médetomidine 0.06-0.07, IM — Immobilization 292
Ketamine 2.5-3.0, M
Jaguar Ketamine alone 13-18, IM — — 209
(Panthera onca)
Medetomidine 0.05, M — Immobilization 192
Ketamine 1.5-2.0, IM
Leopard Medetomidine 0.07-0.08,IM — Immobilization . 192
(Panthera pardus) Ketamine 2.5-3.0, IM .
Black leopard Ketamine alone 15, IM —_ Occasional convulsion ' 209
(Panthera pardus) Inadequate muscle relaxation
Ketamine alone 11 (5.5-17.0 range), IM — — 207
Ketamine alone 7.5, 1M — — 210
Chinese leopard Ketamine alone 15, M — Occasional convulsion 209
(Panthera pardus japonensis) Inadequate muscle relaxation
Clouded leopard Ketamine alone 8.6, IM — Occasional convulsion 209
(Neofelis nebulosa) inadequate muscle relaxation
7, M — — 208
Snow leopard Ketamine alone 10, IM — — 208
(Panthera uncia)
Medetomidine 0.06-0.08; iIM — Complete immobilization 192
Ketamine 2.5-3.0, IM
Medetomidine 0.067+0.016, IM 45 Complete immobilization 193
(0.038-0.107 range) Allowed tracheal intubation
Ketamine 2.7+0.8, IM
(1.3-5.7 range)
Xylazine 2.2+0.2, IM 30-45 Immobilization 211
(1.9-2.6 range) Moderate to good muscle relaxation
Ketamine 10.9+1.0, M
(9.6-12.8 range) (continued)
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Table 12.11. Use of ketamine alone or ketamine combinations in exotic and wildlife animals (continued).

Common Names

e

(Enhydra lutris)

(Genus and Species) Drug(s) Dose and Route (mg/kg) Duration (min) Comment Reference
Ferret Ketamine alone 20-25, IM — — 217
{Mustela putorius furo) LY
Xylazine 2,IM 80.0+11.4 — ' 218
Ketamine 25, IM
I_(_etamine alone 60, IM — Muscle rigidity 219
Incomplete analgesia
Diazepam 3, IM — Muscle rigidity 219
Ketamine 35, IM Incomplete analgesia
Xylazine 2, 1M — Acceptable analgesia 219
Ketamine 25, M Muscle relaxation
Ketamine alone 25, 1M —_ Excessive salivation 220
Muscle tremor *
Paddling motions
Xylazine 2, M — Good muscle relaxation 220
Ketamine 25, IM
Fisher Ketamine 75, M — Immobilization 200
(Martes pennati) or with (11.0-24.2)
acepromazine 1.1, IM
Mink Ketamine alone 5-20, IM — — 217
(Mustela vision) 10-15, IM — Suitable for electroejaculation 217
Surgical anesthesia
100, IM — Immobilization 217
15.4-22.0, IM — 217
Pine marten Ketamine alone 11-22, IM — Immobilization 200
{Marten americana) -
European otter Diazepam 0.5, IM — Good muscle relaxation 221
(Lutra lutra) Ketamine 18, IM Smooth recovery,
Asian small-clawed otter Medetomidine 0.1-0.12, IM — Good muscle relaxation 222
{Aonyx cinerea) Ketamine 4-5, IM Immobilization
River otter Ketamine alone 22, IM — — 200
(Lutra canadensis)
Sea otter Ketamine alone 1, IM — Immobilization 200

(continued)
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Table 12.11.

Use of ketamine alone or ketamine combinations in exotic and witdlife animals (continued).

Common Names

]

{Genus and Species) Drug(s) Dose and Route (mg/kg) Duration (min) Comment Reference
Polar bear Xylazine 6.8, IM — Immobilization 182
(Ursus maritimus) Ketamine 6.8, IM Good muscle relax%ion
Sloth bear Xylazine 1.4-2.44, IM — Immobilization 227
(Melursus ursinus) Ketamine 5.8-9.75, IM
Other species
Camel . Xylazine 0.25, IM — Good muscle relaxation 228
(Camelus bactrianus) Ketamine 5.5, IM Good analgesia
0.15, IM — Good muscle relaxation 228
2.5, IM Good analgesia
African elephant 1st dose 1st dose
(Loxodonta africana) Xylazine 0.14+0.03, IM 11.6+6.9 Deep sedation to immobilization 229
Ketamine 1.14£0.21, IM (7-31) ’”
2nd dose 2nd dose — - ,
Xylazine 0.08+0.08, IM 27.0+8.9
Ketamine 0.61+0.19, IM (13-50)
or
Ketamine 0.47, IV
Xylazine 0.2, IM — — 230
Ketamine 1.0-1.5, IM
0.1£0.04, IM — Chemical restraint only 231
0.6+0.13, IM
Spotted hyena Xylazine 6.3, IM 100 Immobilization 232
(Crocuta crocuta) Ketamine 13.2, IM
Collared peccaries Ketamine alone 14.71-24.61, IM 71.7 Smooth recovery 233
(Tayassu tajacu)
Rabbit Xylazine 5 IM — — 234
(Sylvilagus floridanus) Ketamine 70, IM
Ketamine 35, IM 18.75 Lack of consistency in induction of surgical 235
EMTUC 25.0-45.5, IV (15-60) anesthesia
Xylazine 5,8C 95.25 Respiratory depression 235
Acepromazine 0.75, IM (58-177) Hypothermia
Ketamine 35, IM Surgical anesthesia
Ketamine 20, IM 15 Lack of consistency in induction of surgical 235
Chioral hydrate 250, IvV (0-30) anesthesia
Xylazine 5, M 46.5 Lack of consistency in induction of surgical 235
Ketamine 35, IM (15-83) anesthesia (continued)
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Table 12.12. Use of ketamine alone or ketamine combinations in birds.

Common Names

(Genus and Species) Drug(s) Dose and Route (mg/kg) Duration (min) Commernt Reference
Accipiters Diazepam 1,IM — — 254
Ketamine 30, IM
Bald eagle Diazepam 1, M — — \ 254
(Haliaeetus leucocephalus) Ketamine 10-30, IM
Budgerigar Xylazine 10, IM — — 255
(Melopsittacus undulatus) Ketamine 40, IM
Double-wattled cassowary Etorbhine 10-12 total, IM — Immobilization suitable for minor procedures 256
(Casuarius casuarius) Ketamine 200-300 total, IM
Chicken Ketamine alone 1-160, IM 15 Muscle tremor 257
(Gallus gallus) 14, IV LDsq,0 67.5 mg/kg
Columbiformes and corvids  Diazepam 2-5,IM — — 254
Ketamine 20-40, IM K
Ducks and geese Diazepam 2-4 — — - 254
Ketamine 20-60
Pekin duck Ketamine alone 20, IV — — 258
(Anas platyrhyncos)
Xylazine 1,V — Respiratory depression 258
Ketamine 20, IV
Emu Ketamine alone 25, IM initially — Anesthesia 259
(Dromiceius novaehollandiae) 5-8, IV additionally
25 initially, IM — Short-term immobilization 259
5, suppl® IV
Leghorn Xylazine 2, 1M — — 260
(Gallus domesticus) Ketamine 2, M
Red-tailed hawk Xylazine 2.2,V —_ —_ 261
(Buteo jamaicensis) Ketamine 4.4, IV
Herons Diazepam 1-2, M — — 254
Ketamine 20, IM -
Ostrich Diazepam 0.22, IV — Good induction and recovery 262
(Struthio camelus) Ketamine 4.4, IV
0.33, IV — Poor induction 262
6.6, IV Good recovery
Xylazine 0.44, M —_ Poor induction 262
Diazepam 0.15, IV Good recovery
Ketamine 2.8, IV
Xylazine 0.9, M —_ Fair induction 262




329

-k
LY
-as0p [P9] uerpout ‘05 g
-asop pywowalddns ‘ddng,,
“K[snouaaenut ‘A ‘A|re[nosnurenur ‘Wi
B|SBUISOUE JO [9AS] JUSISISUOD Wi ‘ot aujweley (pune sepeLIRD)
592 UonEXE|a) 9|9SNW pooY) $'G2¥8'61 NI ‘L aulze|Ax aInynA AaxunL
(sasey301d02o SAAD)
¥9¢ uonezi|iqowu| — WI ‘8'8¢-G'L » sulweay ainyna aden
— — WI ‘[e101 € - )
- — NI ‘[e101 2 (@A) BIQUINIOD)
€92 uoissaidep fiojesdssey — NI ‘1e1o1 | SuUO[e BUIWEISY uoabid
eisayjsoue [@oibing — I ‘[e10l €
eisayjseue [eaibing — NI ‘e101 2
£9¢ uolepss —_ NI ‘[e101 L auole sulWed) sjeayeled
(o1se snO) Simo
NI ‘s¢ suiweloM yooa.0s pue (snuejuibin
14°14 - — WI ‘L wedszelq ogng) pauioy jesi
WI ‘0L aulweey S|MO paJes-uous
vse —_ — AL L wedazelq pue ‘pares-buo)| ‘paieg
NI ‘1e101 00€-00¢ sulweldy  (syeansne snpwed onns)
962 2Inps204d Joulw Jo} 9|geyns uolieziqowiy| — NI ‘elo1 2101k suydiorq you1so pexosu-ang
A8V aulwela} (snjowed ojyInAS)
29¢ AJanooal 100d Al ‘€00 aurze|Ax yomso
ELITESETEL juawwod (unw) uoneang (6>/6wl) #1noy pue 8soQ ’ (s)bnaa (seadg pue SnUSD)
saleN Uowwod
-(peNUNUOJ) SPIIG Ul SUCHEBUIQUIOD SUILIE}SY JO SUOJE sulwelay Jo asnN  ‘¢heh 2lgel




-

346 e Pharmacology

Nondomestic Animals

Ketamine and Telazol have both been used extensively in various
combinations for the immobilization of captured and wild ani-
mals. Ketamine usage has been somewhat limited because of its
relatively low concentration, requiring a large volume be deliv-
ered to many larger species. Ketamine can be lypholized and re-
constituted to a smaller volume to create a higher concentration
when a larger dose is required via a remote delivery device (e.g.,
darts).!80-182 I contrast, Telazol has the advantage of being re-
constituted to a small volume with potent sedatives or adjunctive
analgesic drugs to increase overall potency. Both anesthetics
have been used alone or in combination in many wild and exotic
species. 83186 Tables 12.11 through 12.15 further summarize the
use of ketamine m:@b,o_mNo_ alone and in combination with other

drugs, in nondomesticated species. .
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