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1. Introduction

Many surgical and medical procedures can be ac-
complished in the standing horse if appropriate com-
binations of physical and chemical restraint are
employed. The ability to perform procedures in the
standing position is more important in the horse
than in other species because of the greater risk of
complications associated with anesthesia in the
horse.! The goal of most standing restraint is to
produce a quiet, calm horse that is immobile and
does not react to stimuli or manipulation. Analge-
sia should be provided if the intended procedure is
expected to be painful.

There are nine drugs approved for use in horses
for standing chemical restraint: acepromazine, bu-
torphanol, chloropent, detomidine, pentazocine,
promazine, romifidine, triflupromazine, and xyla-
zine. Of these, only five drugs (acepromazine, bu-
torphanol, detomidine, romifidine, and xylazine) are
commercially marketed by pharmaceutical houses.
Other drugs, such as morphine and fentanyl, are
used with some frequency for standing chemical re-
straint but are not labeled for use in the horse.
No single drug produces “ideal” standing chemical
restraint in every horse. Although the majority of
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sedative and analgesic drugs used for restraint are
labeled for use as “sole” agents, the majority of
equine veterinarians use them in combination with
the goal of optimizing the onset, quality, and dura-
tion of the alteration in mental state while minimiz-
ing potentially deleterious side effects. Many
combinations are recommended in the literature,
but relatively few have been rigorously studied sci-
entifically. The potential number of combinations
for the nine approved drugs (511 combinations) and
the five commercially marked drugs (31 combina-
tions) suggests that it is unlikely that such studies
will be completed.

2. Phenothiazine Tranquilizers

Phenothiazine tranquilizers are used to produce
calming.? Phenothiazine tranquilizers are not be-
lieved to produce analgesia, but they do enhance the
analgesic activity of other drugs such as a-2 agonists
and opioids. Phenothiazines activate when given
orally, intramuscularly, and intravenously by block-
ing the action of neurotransmitters (dopamine) cen-
trally and peripherally and causing « adrenergic
blockade that can lead to arterial hypotension.?
This is of particular concern in excitable horses,
horses that have hemorrhaged, or dehydrated
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horses. Phenothiazines do not significantly affect
respiration, but respiratory rate frequently de-
creases. In stallions and geldings, phenothiazine
administration rarely causes persistent penile pa-
ralysis (priapism). Benztropine mesylate® (8 mg,
IV, total dose to two adult horses) has been used to
treat priapism with resolution of effect within 10
min.* Others report the injection of 10 mg of 1%
phenylephrine® directly into the corpus cavernosum
penis.’ In both reports, early intervention is the
key to success. Horses not responding to pharma-
cologic treatment may require surgical irrigation of
the corpus cavernosum penis.

Acepromazine® is supplied as a 1% solution (10
mg/ml) for injection. Onset of action occurs within
15-30 min, but peak effects may not be seen for up
to 45 min, a factor that may limit its use as a sole
agent in clinical practice. The duration of sedation
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depends on the dose but may last for 6-10 h (Table 1).
Acepromazine cannot be relied on to make an ag-
gressive horse a malleable patient. Increasing the
dose does not usually produce a greater effect but
may increase the duration of effect. Minimal mus-
cle relaxation or ataxia occurs, and therefore,
acepromazine can be used to reduce awareness as an
aide to breaking and training or to transporting the
horse. The best index of the degree of sedation with
acepromazine is the presence of protrusion of the
penis in male horses. In addition, the eyelids will
droop, and the third eyelid will protrude. Phe-
nothiazine tranquilizers interfere with platelet func-
tion, and thus, their use should be avoided if this is
a concern.® Hypovolemic horses administered
acepromazine may become acutely hypotensive with
fainting and may become recumbent. Treatment of
hypotension should include large volumes of IV flu-

Table 1. Dose of Drugs Frequently Used for Standing Chemical Restraint
Onset of Effect and
Drug Dose and Route Duration Comments
Acepromazine 0.02-0.05 mg/kg, IM, IV 20-40 min, IV, IM Use cautiously in stressed or
Duration: 4-6 h hypotensive horses
Potential for priapism in
males
Xylazine 0.2-1.0 mg/kg, IV 3-5 min, IV Ataxia produced, head down
posture
1.0-2.2 mg/kg, IM 10-20 min, IM Start with low dose and
Duration: 20-30 min, IV repeat as needed
Detomidine 0.01-0.02 mg/kg, IV 3-5 min, IV Ataxia produced, head down
posture
0.02-0.04 mg/kg, IM 10-20 min, IM Start with low dose, repeat
as needed
0.06 mg/kg, PO 30—45 min, PO
Duration: 45-60 min, IV
Infusion (IV) 10 p g/kg bolus followed by Decrease infused dose when Dosing at constant rates
0.5 p g/kg/min for 15 min, then 0.3 n procedures are prolonged prolong effects
g/kg/min for 15 min, then 0.1 u g/kg/
min. 3°
Romifidine 0.04-0.120 mg/kg, IV 2-5 min, IV Less head down posture
Duration: 2-3 h, IV Reduced ataxia, reduced
analgesia
Butorphanol 0.01-0.03 mg/kg, IV 3-5 min Usually used in combination
Duration: 1-2 h, IV with a sedative or
tranquilizer. Some
twitching.
Infusion: 10-15 u g/kg/min®2 Improves wellbeing after
colic surgery
Buprenorphine 0.006 mg/kg, IV Duration: 10-20 min Longer acting opioid. Use in
conjunction with xylazine
or detomidine
Morphine 0.3-0.5 mg/kg, IV 3-5 min Sedate with xylazine or

Duration: 2—6 hr, IV

detomidine prior to
administering morphine.
Potential for excitement.
Reversible with naloxone.
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ids. Acepromazine should be avoided if testing for
allergens, because the drug has antihistaminic prop-
erties. No specific antagonist for phenothiazine
tranquilizers is known. Acepromazine is available
in an oral gel form in the United Kingdom.

3. «a-2 Agonists

a-2 agonists produce sedation with muscle relax-
ation, ataxia, and analgesia when given orally,
intravenously, or intramuscularly. Xylazine, deto-
midine, and romifidine are approved for use in the
horse in the United States. Medetomidine and
dexmedetomidine are used in other countries but
are not currently approved for use in the United
States. The a-2 agonists produce a number of car-
diorespiratory and other side effects, the signifi-
cance of which are dose dependent in the clinical
dose range. Heart rate decreases, and sinus ar-
rhythmia, first degree atrioventricular blockade,
and second degree atrioventricular blockade are
common. Arterial blood pressure is initially in-
creased because of drug-induced increases in periph-
eral vascular resistance.” Hypertension may be
sustained (20—60 min), particularly when detomi-
dine and romifidine are used.”® Decreases in heart
rate and increases in peripheral vascular resistance
produce significant decreases in cardiac output, of-
ten to levels 50% of the pre-drug values. Respira-
tory rate is usually decreased, but tidal volume
increases to compensate for the drop.® Relaxation
of the muscles of the upper airway occurs and can
predispose the horse to stridor.® The administra-
tion of an «-2 agonist decreases salivation, gastric
secretions, and gastrointestinal motility, and it also
increases urine volume.!®!! Swallowing is de-
pressed, and thus, passage of nasogastric tubes may
be more difficult. Other incidental effects of «-2
administration include increases in intrauterine
pressure, hyperglycemia, and hypoinsulinemia.'®13

The level of sedation produced by administration
of an «a-2 agonist is more pronounced than that pro-
duced by phenothiazine administration. Depend-
ing on the dose and drug administered, horses
assume a “head-down” or “saw horse” stance and
frequently shift their weight from side to side.
Xylazine® is useful for restraint for procedures on
the head, neck, and forequarters, but some research-
ers have expressed concern about its suitability
when used as the sole agent for procedures on the
hindquarters because of the potential for rapid
arousal (startling) and kicking.'* This view is sup-
ported by appearance of profound sedation typified
by the extreme head-down posture associated with
large doses of xylazine or detomidine. Unprovoked
aggression has been reported after the administra-
tion of xylazine or detomidine.!® Combining o-2
agonists with other agents often permits the use of
reduced doses, which lessens the head-down posture
and causes the horse to stand more squarely on all
four feet.>'®17 Detomidine® is a more specific a-2
receptor agonist than xylazine, and it has an a-2/a-1

4 2009 / Vol. 55 / AAEP PROCEEDINGS

specificity of 260:1 compared with 160:1 for xylazine
(data from rat studies).'® Detomidine is ~100
times more potent than xylazine and has a duration
of action approximately twice as long. Detomidine is
used alone and in combination with opioids (butorpha-
nol and nalbuphine) to produce standin§ chemical re-
straint for a wide variety of procedures.’®~2!

Romifidine’ is an a-2 adrenoreceptor agonist with
an a-2/a-1 selectivity ratio of 340:1, which places its
selectivity intermediate among the currently avail-
able «-2 agonists. Romifidine causes dose-related
sedation when administered intravenously or intra-
muscularly, and it has a rapid onset of action and a
duration of action similar to detomidine.'®?? The
depth of maximal sedation with romifidine is re-
ported to be less than that seen with detomidine as
judged by the lowering of the head. Romifidine-
induced ataxia is also less severe than that of other
a-2s.2®> The analgesic effects of romifidine are
somewhat controversial.?>?* Clearly, the analge-
sia that is produced is of shorter duration than the
sedative effects. Medetomidine® is the most specific
of the available «-2 agonists, and it has an a-2/a-1
selectivity ratio of 1620:1. Doses of medetomidine in
the range of 5-7 ug/kg body weight cause deep seda-
tion with significant ataxia.?>?® Analgesia is greater
than or equal to that seen after detomidine, and the
duration of action is somewhat shorter than that seen
with detomidine.

a-2 agonists can be administered intravenously,
intramuscularly, or orally.?”?® IM drug adminis-
tration is easily accomplished, but the onset of drug
action is slower than after IV administration (<5
min for IV compared with 10—15 min for IM). The
intensity of the cardiorespiratory side effects after
IM injection is reduced, presumably because of the
lower plasma concentration of unbound drug. IV
administration produces a quicker onset of action
and an increased intensity of effect but a shorter
duration of effect. Currently, oral administration
is saved for occasions when the horse is not amena-
ble to injections because of inconsistent effects.
Oral (sublingual) administration of detomidine (0.06
mg/kg body weight) has been shown to produce pro-
found sedation 45 min after administration.?”

Infusions of a-2 agonists, including detomidine
and medetomidine, for standing surgery and as ad-
juncts to IV anesthesia are gaining popularity.?%-3°
The use of constant rate infusion reduces the ups
and downs of repeat bolus administration and fre-
quently lowers the total dose of drug administered.

4. Opioids

Opioids are used to produce analgesia and augment
the effects of sedatives and tranquilizers, but when
they are administered alone to pain-free animals,
they can cause nervousness and excitability. Bu-
torphanol® is a synthetic opioid agonist/antagonist
that is approved for use in the horse for the treat-
ment of abdominal pain.®>3! Butorphanol is less
prone to cause excitement than morphine or fenta-



nyl, but ataxia can be severe at high doses. Butor-
phanol is frequently combined with «-2
agonists.’®!"21  When combined with xylazine, re-
duced doses of xylazine are usually used; this results
in a horse that is less ataxic than with full doses of
xylazine, but jerks and twitches may occur and the
horse may head press. The analgesia produced is
insufficient to blunt the pain of procedures involving
incisions, and therefore, local anesthetic blocks
should be incorporated. Butorphanol is also used
in combination with detomidine and romifidine.
It has been suggested that the inclusion of butorpha-
nol reduces the incidence of unexpected arousal.
Buprenorphine' has been used in a similar manner
to butorphanol.*®-2° )

Other opioids including morphine’ and pentazo-
cine® have also been used to produce standing chem-
ical restraint.3?3% The combination of xylazine and
morphine produces a profoundly obtunded animal.?*
Xylazine administration should precede morphine to
prevent opioid-induced excitement. The head
should be elevated and a nose twitched placed, if
necessary, because the horse will tend to lean for-
ward. Horses remain sensitive to touch, and there-
fore, local anesthesia should be incorporated with
the technique. Naloxone' can be used to antagonize
morphine. Renarcotization (excitement) occasion-
ally occurs and is best treated by repeat administra-
tion of naloxone or tranquilizer administration.

5. Acepromazine and «-2 Agonist Combinations

The combination of acepromazine with an a-2 ago-
nist allows for a reduction in the dose of both agents,
which reduces the cardiopulmonary side effects and
ataxia.®> Typically, 0.02—0.03 mg/kg of aceproma-
zine is combined with 0.2-0.5 mg/kg of xylazine.
The drugs can be combined in the same syringe and
are usually given IV.

6. Ketamine Infusion

Ketamine™ infusions are beginnin% to be incorpo-
rated into protocols for analgesia.’>3” The dose
administered ranges from 0.4 to 0.8 mg/kg/h and is
given at a constant rate. The effectiveness of the
technique seems to depend on the type of pain being
induced or treated, and excellent results have been
seen for patients with burns. Further research is
needed to determine if this technique should be
added to the armamentarium of the equine
practitioner.

7. Lidocaine Infusion

Lidocaine infusions are used as adjuncts to inhalant
anesthetics and for post-operative pain. The ad-
ministration of lidocaine™ could have additional ben-
efits as part of standing chemical restraint, but
there are concerns about the degree of ataxia pro-
duced. The intra-operative administration of lido-
caine (50 #g/kg/min) reduces the required dose of
inhalant.®® In conscious horses, lidocaine reduces
the response to a heat stimulus, but visceral pain is
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not affected.®® Lidocaine requires a constant rate
infusion to be effective systemically. Infusions are
usually well tolerated, but bolus administration can
be associated with hypotension.
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