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TOPICAL REVIEW
Anesthesia in Shelter Medicine

Jeff C. Ko, DVM, MS, DACVA,a and Aime G. Berman, VMDb

Shelter medicine presents a unique challenge that is different from veterinary medicine in a hospital setting. The
shelter and/or mobile unit environment requires special anesthetic considerations to support high-volume
spay-neuter and feral animal programs with high quality of anesthesia/immobilization for surgery and diag-
nostic procedures. The anesthetic protocols can be tailored to the needs of each specific shelter setting. An ideal
shelter anesthesia protocol will have a wide safety margin for animals of all ages. The protocol must also be
effective, economical, and easy to use with a small volume for injection, have rapid on- and off-set with a
reasonable surgical duration after a single administration, be predictable, and possess perioperative analgesic
properties. An anesthesia protocol with a combination of tiletamine-zolazepam and dexmedetomidine in
combination with an opioid fits the criteria of the shelter anesthesia protocols. These combinations possess
rapid induction of immobilization, unconsciousness, and muscle relaxation with an anesthesia duration of 30
to 45 minutes. Specific and nonspecific reversal agents are also available to facilitate recovery. This article
describes the use of these anesthetic protocols as well as monitoring support for these protocols.
© 2010 Elsevier Inc. All rights reserved.

Keywords: shelter medicine, anesthesia, immobilization, dexmedetomidine, tiletamine-zolazepam, analgesia,

monitoring support, reversal, side effects
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n the United States, shelter medicine has grown from in-
terested individual general practitioner participation to a

ophisticated specialty practice over the past 5 years. A sig-
ificant number of shelter medicine service programs have
any branches ranging from in-shelter clinics, mobile units,

nd temporary stationary treatment stations to feral cat pro-
rams. Recent development of shelter programs emphasizes
igh volume with high-quality service. These services require
ophisticated and yet practical sedation/immobilization and
nesthesia protocols to execute procedures including routine
iagnostic procedures as well as spay-neuter and other sur-
eries.

nique Shelter Environment and Shelter Animals
or Veterinary Care

any veterinary cases handled easily in a routine veterinary
linic may present challenges in a shelter setting. Shelters
trive to provide high-quality veterinary care, including the
erformance of sophisticated surgical procedures and the
anagement of complex medical cases. In dealing with these
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nimals, shelter veterinarians are not only faced with budget-
ry constraints, but also with unknown vaccine histories and
eartworm status. These facts necessitate a safe and reliable
nesthetic protocol. In addition, they may work with
ndividual(s) with minimal medical background for anes-
hetic administration and handling.

Shelter and feral animals are complex and often require
eterinary care including early-age (6 weeks to 3 months)
pay-neuter; animals in estrus, pregnant, or with pyometra;
arious degrees of respiratory tract infection; heavy internal
r external parasitic infestation; or clinical or subclinical
eartworm conditions.1 Shelter veterinarians also face ani-
als suffering from cruelty and neglect. These animals do not

rust humans and can be aggressive when approached or
andled. Other animals may be emaciated and physically
eak but need immobilization for close examination. Fur-

hermore, high-volume services often have limited holding
acilities for postprocedure recovery of a wide age range of
nimals in different physical conditions. For all of these rea-
ons, anesthesia protocols should be designed with special
onsiderations.

helter Anesthesia Protocol and Related
onsiderations

pecific recommendations for veterinary shelter medical care
elated to anesthesia and surgery have been recently pub-
ished.1 This special report recommends that animals be-
ween 6 and 16 weeks of age be off of feed 2 to 4 hours before
urgery but not fasted for more than 4 hours. For animals
lder than 16 weeks, a 4-hour fast is adequate.1 Also, routine

hysical examinations, including a preoperative body tem-

mailto:jcko@purdue.edu
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erature measurement, may not always be possible and are at
he discretion of the attending veterinarian based on the an-
mal’s anxiety, aggression, and feral behavior. An ideal shel-
er anesthesia protocol must meet critical criteria aside from
afety. For anesthetic drug dosing, an accurate body weight
hould be obtained, but the best estimated body weight can
e used for anesthetic dosage calculation in the event a
eight cannot be obtained. Endotracheal intubation may not
lways be achievable with all the anesthetic procedures; how-
ver, endotracheal intubation with oxygen and ventilation
hould be immediately available and instituted in the event of
n emergency.
The anesthetic protocol should be tailored to the specific

eeds of each shelter setting. An ideal anesthesia protocol
hould meet, at a minimum, the following criteria: 1) have a
ide margin of safety; 2) provide rapid induction of reason-
ble immobilization or unconsciousness, 3) produce excel-
ent muscle relaxation, 4) provide intraoperative and postop-
rative analgesia, 5) be effective and predictable for animals
ith a wide variety of ages, medical histories, body sizes, and

onformations, 6) provide easy dose calculation and drug
reparation for intravenous or intramuscular administra-
ion, 7) provide small volume for drug administration, espe-
ially for fearful or feral animals, 8) be reversible with mini-
al side effects, 9) induce a wide range of anesthetic

esponses ranging from sedation to complete immobilization
nd a surgical plane of anesthesia, 10) allow rapid and
mooth recovery, 11) be economical, 12) minimally use con-
rolled substances, and 13) be commercially available with a
ong shelf life.

nesthetic Protocols for Shelter Medicine
nd Surgery

lthough there are many suitable anesthetic protocols used
or shelter medicine and surgery, one particular anesthetic
ombination comes close to meeting all of the requirements
f an ideal shelter anesthesia protocol. The combination is a
iletamine-zolazepam–based anesthesia protocol enhanced
ith dexmedetomidine and an opioid. This tiletamine-zolaz-

pam–based anesthetic combination dates back to earlier
evelopment of the tiletamine, zolazepam, ketamine, and xy-

azine (TKX)2 protocol that has been used in feral cat pro-
rams.3,4 Over time, 2 drawbacks have been associated with
he TKX protocol, including the limited analgesia it provides
iven the absence of opioids and the fact that it is only suit-
ble for use in cats given the prolonged and erratic recovery
ssociated with dissociative agents in dogs. Furthermore, xy-
azine-induced hypotension is a concern during the recovery.

odifications to the TKX protocol remove the limitations by
eplacing xylazine with medetomidine and ketamine with
utorphanol. The new protocol is then named Telazol Tor-
ugesic Domitor (TTD; Pfizer Animal Health, New York,
Y). The TTD combination is suitable for use in dogs5 and

ats6 and has largely replaced the TKX combination since its
ntroduction in 2002. In November 2008, Pfizer Animal

ealth introduced dexmedetomidine to replace medetomi- r
ine.7 This change necessitates a transition from TTD to
elazol-Torbugesic-Dexdomitor (TTDex; Pfizer Animal
ealth).7 The transition from TTD to TTDex replaces the
edetomidine with the same volume of dexmedetomidine

nd the suggested doses and volumes for dogs and cats are
ndicated in this article.

The TTDex combination (Fig 1) provides the following
dvantages over other anesthetic combinations. Pending on
he dosage used (Table 1), the TTDex combination induces
arious depths of sedation and a surgical plane of anesthesia
ithin 3 to 5 minutes after a single intramuscular injection.
he rapid onset of action streamlines operations for high-
olume cases without delay. It can be used both in dogs and
ats with the same combination and dose rates. Each TTDex
ombination contributes visceral and somatic analgesia both
ntraoperatively and postoperatively. Some of the anesthetics
n the TTDex combination can be antagonized, if needed, to
acilitate recovery. The TTDex combination has a small in-
ection volume to facilitate drug administration. The potency
f this drug combination makes it economical. In general,
his drug combination provides the efficacy and safety re-
uired for procedures performed in shelter animals in various
ettings.

reparation of TTDex

he TTDex combination is prepared by reconstituting tilet-
mine-zolazepam (Telazol) using 2.5 mL of butorphanol
Torbugesic 10 mg/mL) and 2.5 mL of dexmedetomidine
Dexdomitor 0.5 mg/mL) as diluents (Table 1). Each millili-
er of the reconstituted TTDex solution contains 100 mg of
iletamine-zolazepam, 5 mg of butorphanol, and 250 �g of
exmedetomidine. Based on clinical experience, the TTDex
an be stored at room temperature for up to 3 months after

igure 1. The TTDex combination. (Color version of figure
s available online.)
econstitution.



D

T
r
(
r
t
t
t
l
p

p
a

P

A
k
f
r
r

94 Topics in Companion Animal Medicine
ose Rate of TTDex for Dogs and Cats

he TTDex combination provides flexibility in several dose
anges from 0.01 to 0.03 mL per kilogram, intramuscularly
IM) (Table 1), such that a veterinarian can decide the dose
ate based on the animal’s size, age, health status, and surgery
ype. As with any other anesthetic combinations, the larger
he dose of TTDex, the longer the duration of anesthesia and
he longer the duration of recovery, if not reversed. Also, the
arger the dose, the more profound the cardiorespiratory de-
ression. In principle, pediatric, geriatric, emaciated, and

Table 1. Tiletamine-Zolazepam-Butorphanol-Dexmedetom
tion, Profound Sedation, and Injectable Anesthesia

TTDex Desirable purpos

Telazol powder (tiletamine-zolazepam
500 mg)

Premedication (m
sedation)

2.5 mL (butorphanol, 10 mg/mL) Chemical restrai

2.5 mL (dexmedetomidine, 0.5 mg/mL) Surgical plane of

Table 2. Telazol-Torbugesic-Dexdomitor (TTDex) Sedatio
Mixture Volume. All Dosing Volumes Listed as Intramuscu

Body (lb) Weight (kg)
Mild
Sedation

Moder
Sedatio

0.005 mL/kg 0.01
2-4 1-2 0.005 mL 0.01
4-7 2-3 0.013 mL 0.025
7-9 3-4 0.018 mL 0.035
9-11 4-5 0.023 mL 0.045

11-22 5-10 0.038 mL 0.075
22-29 10-13 0.06 mL 0.12
29-33 13-15 0.07 mL 0.14
33-44 15-20 0.09 mL 0.18
44-55 20-25 0.12 mL 0.23
55-66 25-30 0.14 mL 0.28
66-73 30-33 0.16 mL 0.32
73-81 33-37 0.18 mL 0.35
81-99 37-45 0.21 mL 0.41
99-110 45-50 0.24 mL 0.48

110-121 50-55 0.26 mL 0.53
121-132 55-60 0.29 mL 0.58
132-143 60-65 0.32 mL 0.63
143-154 65-70 0.34 mL 0.68
154-176 70-80 0.38 mL 0.75

�176 �80 0.4 mL 0.8 mL
regnant animals require a smaller dose of TTDex than over-
ll healthy dogs and cats.

remedication

combination of TTDex premedication (0.005-0.015 mL/
g, mild to moderate sedation; see dose chart of Table 2)
ollowed by inhalant anesthesia for maintenance provides
apid sedation, smooth induction, and maintenance with a
apid recovery. Premedication with TTDex can reduce the

ine (TTDex) Combination in Dogs and Cats for Premedica-

depth of anesthesia) Intramuscular injection volume for
dogs and cats (TTDex)

-moderate 0.01 mL/kg
Tiletamine-zolazepam 1 mg/kg
Butorphanol 0.05 mg/kg
Dexmedetomidine 2.5 �g/kg

(profound sedation) 0.02 mL/kg
Tiletamine-zolazepam 2 mg/kg
Butorphanol 0.1 mg/kg
Dexmedetomidine 5 �g/kg

esthesia 0.03 mL/kg
Tiletamine-zolazepam 3 mg/kg
Butorphanol 0.15 mg/kg
Dexmedetomidine 7.5 �g/kg

Anesthesia in Dogs and Cats with Body Weight and Drug
r Dose

Profound
Sedation

Surgical
Anesthesia

Surgical
Anesthesia

/kg 0.02 mL/kg 0.035 mL/kg 0.04 mL/kg
0.02 mL 0.035 mL 0.04 mL
0.05 mL 0.09 mL 0.12 mL
0.07 mL 0.12 mL 0.15 mL
0.09 mL 0.16 mL 0.19 mL
0.15 mL 0.26 mL 0.37 mL
0.24 mL 0.40 mL 0.48 mL
0.28 mL 0.49 mL 0.58 mL
0.36 mL 0.61 mL 0.78 mL
0.46 mL 0.79 mL 0.98 mL
0.56 mL 0.96 mL 1.25 mL
0.64 mL 1.1 mL 1.3 mL
0.7 mL 1.2 mL 1.45 mL

0.82 mL 1.44 mL 1.7 mL
0.96 mL 1.66 mL 1.95 mL
1.1 mL 1.84 mL 2.2 mL
1.2 mL 2.0 mL 2.3 mL
1.3 mL 2.18 mL 2.5 mL
1.4 mL 2.36 mL 2.7 mL
1.5 mL 2.63 mL 3.0 mL
id
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1.6 mL 2.8 mL 3.2 mL
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nimal’s anxiety, facilitate handling for intravenous drug in-
uction, and provide an anesthetic-sparing effect on both

nduction and inhalant maintenance. Unlike acepromazine
r other anesthetic combinations, the onset of sedation in-
uced by TTDex occurs rapidly (3-5 minutes) after a single

ntramuscular injection in dogs and cats. Furthermore, all 3
nesthetics in the TTDex combinations provide analgesia
efore, during, and after the procedures.
The premedication dose of TTDex for dogs and cats is 0.01
L/kg IM. This premedication is compatible with intrave-
ous induction agents such as propofol, additional Telazol,
r ketamine-diazepam induction for endotracheal intuba-
ion. The TTDex has significant sparing effects on the intra-
enous induction anesthetic agents as well as isoflurane and
evoflurane maintenance. The listed TTDex premedication
ose of 0.01 mL/kg is a suggestive dose. Some practitioners
refer heavier sedation, for which the dose can then be in-
reased to 0.015 or 0.0175 mL/kg. In contrast, the degree of
edation is reduced with lower doses (between 0.005 and
.0075 mL/kg IM).

hemical Restraint

or apprehensive animals in which there is a concern for fear
f biting potential, profound sedation is appropriate before a
rocedure is performed to protect both the animal and the
andler. For mild to moderately painful diagnostic or surgi-
al procedures, a dose of 0.02 to 0.025 mL/kg IM can be used
or see dose chart of Table 2 for profound sedation). Exam-
les of this include cat castration, a laceration repair, radiog-
aphy, simple dental procedure, or deep ear cleaning. A lower
ose, while maintaining the appropriate level of anesthesia,
rovides a shorter recovery time. As with any other anesthet-

cs, there are individual variations in response to the TTDex
ombination. If an animal appears too light with this dose of
TDex, supplement with an isoflurane (1%) face mask for a
hort period of time to complete the surgery. For example,
ecause cat castrations are short procedures, some shelter
ractitioners prefer to administer this dose of TTDex to im-
obilize the cat and then supplement with isoflurane if the

at is too light. Once the procedure is complete, the cat is
eversed with atipamezole to shorten the recovery. Reversal
f TTDex is discussed later in this article.

njectable Anesthetic

o use the TTDex as injectable anesthesia for surgery, such
s ovariohysterectomy, a dose of 0.03 mL/kg IM is recom-
ended. This provides a surgical plane of anesthesia for 30 to
0 minutes. If a longer (up to 50 minutes) procedure is per-
ormed, then a dose of 0.04 mL/kg should be used (or see the
ose chart of Table 2 for surgical anesthesia). At these doses,
ogs and cats assume laterally recumbency 3 to 5 minutes
fter intramuscular injection and can be intubated and main-
ained on 100% oxygen without inhalant anesthetic. If the
nesthesia must be extended, isoflurane or sevoflurane may

e used as a supplement. However, at this dose rate, the v
nhalant is not usually necessary. The key point to remember
hen using this dose of TTDex is that the effect occurs very
uickly after a single intramuscular injection. The animal
ery quickly assumes lateral recumbency and is ready for
repping and surgical stimulation; therefore, to take advan-
age of the entire surgical duration induced by TTDex, every-
hing should be in place and ready to start before adminis-
ration.

In addition, the wide safety margin of TTDex allows an
stimated body weight with a dose at 0.15 mL per 10 lb IM
or those cases in which the body weight cannot be obtained
or whatever reason. This dose rapidly immobilizes for both
ogs and cats for surgery. The anesthesia can be further ti-
rated depending on the procedures performed.

ptions for Administration of TTDex

TDex can be administered in an intravenous injection in-
tead of IM. For intravenous administration, halve the rec-
mmended intramuscular doses for both dogs and cats. The
nset is immediate and the duration of effect is approxi-
ately two thirds the length of intramuscular administra-

ion.
There are several opioids that can be used in place of bu-

orphanol for reconstitution of the Telazol in the TTDex
ombination. For example, hydromorphone (2 mg/mL),
orphine (15 mg/mL), nalbuphine (20 mg/mL), and bu-
renorphine (0.3 mg/mL) can all replace butorphanol using
he identical volume (2.5 mL) in the TTDex combination.
utorphanol induces less respiratory depression and brady-
ardia than other opioids, which is why it is preferred in the
TDex combination.

ptions for Postoperative Analgesia

fter an invasive procedure in TTDex-anesthetized dogs, the
ostoperative analgesia can be managed in a variety of ways.
ne is to provide a second dose of opioid. This can be either
sing the same type of opioid included in the TTDex or using
uprenorphine to take advantage of a longer duration of
ction than other types of opioids. The dose of the opioid
epends on the invasiveness of the surgery; it can be a full or
maller dose. For example, additional butorphanol (0.2 mg/
g), hydromorphone (0.05 mg/kg), morphine (0.25 mg/kg),
albuphine (0.4 mg/kg), or buprenorphine (15 �g/kg) ex-
ends the analgesia when administered IM at the end of the
urgery. Additionally, a nonsteroidal antiinflammatory drug,
uch as carprofen (4 mg/kg, subcutaneously) or meloxicam
0.2 mg/kg, subcutaneously), administered either before or
oon after surgery, provides additional analgesia and antiin-
ammatory action.

eversal of TTDex

ll but one component in the TTDex can be effectively re-
ersed with a specific antagonist. Dexmedetomidine is re-

ersed with atipamezole. Butorphanol is antagonized with
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96 Topics in Companion Animal Medicine
aloxone or naltrexone. The zolazepam of the Telazol is
ntagonized with flumazenil (Romazicon; Roche, Nutley,
J, USA). The only component that does not have a specific

ntagonist is tiletamine. However, studies have shown that
oxapram (Respiram; Modern Veterinary Therapeutics,
LC, Miami, FL), administered at a dose of 5.5 mg/kg intra-
enously, can antagonize tiletamine-zolazepam–anesthetized
nimals by increasing respiratory rates and shortening
rousal time.8 In general, atipamezole is the most commonly
sed reversal agent for the TTDex combination to antagonize
exmedetomidine when the procedure is complete. The ati-
amezole volume used for reversal is half the volume of the
TDex used. Intramuscular administration of atipamezole is
ecommended to minimize sudden arousal.

Premature reversal of TTDex-anesthetized dogs with ati-
amezole leaves the tiletamine dominant and results in a
ypical dissociative recovery characterized by head shaking,
alivation, muscle rigidity, paddling, or vocalization. There-
ore, in TTDex-anesthetized dogs, it is not recommended to
dminister atipamezole until at least 50 minutes has elapsed
ince administration of the TTDex. This ensures that the
iletamine has been metabolized to a level that will not cause
dissociative type of rough recovery. If the dog was treated
ith a TTDex dose of 0.02 mL/kg or less, the atipamezole

eversal can be administered earlier without a rough recov-
ry. In contrast to the TTDex-anesthetized dogs, TTDex-
nesthetized cats can receive atipamezole at any time. This
ntagonizes the dexmedetomidine and shortens the arousal
ime, which allows the cats to be self supported with less
ttendance during the recovery.

ide Effects of TTDex

s with any other anesthetic combination, TTDex has an-
sthetic side effects. As mentioned previously, because the
TDex combination takes effect so quickly, animals should
e in the surgical preparation area with monitoring instituted
oon after administration of the TTDex. Some dogs or cats
evelop hypoxia soon after administration of TTDex. This
ypoxia is also observed in studies evaluating TTD in dogs5

nd cats.6 The hypoxia usually occurs within the first 5 to 8
inutes after administration of a surgical dose of TTDex.
he hypoxia is oxygen responsive, so it is resolved by pro-
iding 100% oxygen insufflation via face mask or flow by.
he hypoxic response usually subsides with the start of sur-
ical stimulation.
An apneustic breathing pattern (inspiratory breath holding

ollowed by a few rapid breaths) may be observed in dogs and
ats receiving TTDex. No treatment is required. In addition,
pnea may occur occasionally. Intubation followed with pos-
tive ventilation using either an anesthetic breathing circuit
ith an anesthesia machine or an Ambu bag resolves the

ssue. The apnea usually subsides once the surgical stimula-
ion starts. Some dogs may develop bradycardia after TTDex
dministration. This bradycardic response results from vaso-

onstriction induced by dexmedetomidine and usually does f
ot require treatment. Cats receiving TTDex are unlikely to
ave a bradycardic response.
Unlike other anesthetic combinations, TTDex usually in-

uces hypertension and not hypotension. This hypertensive
tage should not be interpreted as a lack of analgesia or a
esponse to surgical stimulation. No treatment is necessary
or such hypertension.

There is no vomiting response when high doses of TTDex
re used in dogs and cats. This is likely due to the rapid onset
f anesthesia, which reduces activation of the vomiting cen-
er. However, some animals may vomit when receiving
maller doses of TTDex. This is not long lasting and is not
onsidered a clinical concern.
Pain on intramuscular injection of TTDex may be noticed

n dogs and cats. This is likely due to the low pH associated
ith the drug mixture. However, the small amount required

or injection likely minimizes the pain. Attempting to change
he volume or adjust the pH of the TTDex mixture to mini-
ize the injection pain is not warranted.

onitoring TTDex Anesthesia

n the complex shelter environment, anesthesia monitoring is
ital. Basic monitoring is achieved by palpating animal’s lin-
ual, radial, femoral, or metatarsal arterial pulse rate and
hythms; observing mucous membrane colors; and monitor-
ng respiratory rate, depth, and patterns. Assessing jaw tone,
ye position, and general muscle tone are helpful in assessing
he animal’s anesthetic depth.

Several recently developed portable monitors are capable
f measuring blood pressure, hemoglobin saturation for ox-
gen, respiratory rate, end-tidal CO2, and electrocardiogram.
ome of these units are reasonably priced and yet produce
onsistent and reliable data. Blood pressure in small dogs and
ats, regardless of the vasoconstriction stage, is now mea-
ured accurately and with minimal difficulty using some of
hese portable blood pressure monitors. Pulse oximetery,
easured on the tongue of the animal as soon as they are

nesthetized, allows early detection of hypoxia.
Body temperature should also be carefully monitored both

uring and after surgery. Hypothermia prolongs the duration
f recovery, especially when using an injectable anesthetic
ecause it slows drug metabolism. Provide an exogenous heat
ource during surgery. It is also helpful to use towels or
ubble wrap to reduce body heat loss during recovery.

TDex and Controlled Substance Recordkeeping

ontrolled substances require detailed recordkeeping, even
n the shelter environment. Because both tiletamine-zolaz-
pam and butorphanol are controlled substances, accurate
nd daily recordkeeping is an important part of using
TDex. In the TTDex combination, butorphanol (2.5 mL)
nd dexmedetomidine (2.5 mL) are used as diluents for Tela-
ol powder. Therefore, the controlled substance record
hould capture 1.0 mL of Telazol and 0.5 mL of butorphanol

or each milliliter of TTDex reconstituted. Each milliliter of
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TDex also contains 0.5 mL of dexmedetomidine, but be-
ause dexmedetomidine is not a controlled substance, it does
ot need to be tracked. An easy way track the use of TTDex

s to record the amount used in milliliters for each animal.
his amount represents the Telazol volume, and half of this
olume is butorphanol volume. For example, if a dog receives
.5 mL TTDex, record 0.5 mL of Telazol and 0.25 mL of
utorphanol in the respective controlled substance logs.

onclusion

n conclusion, TTDex is a safe anesthetic combination that
an be used at the same dose rate in both dogs and cats. This
implifies operation of the shelter environment. The TTDex
ombination is very close to the ideal shelter anesthetic pro-
ocol. It is safe and economical and provides flexibility for use
s a premedication in conjunction with an inhalant for main-
enance, or it can be used as a total injectable anesthetic
ombination to accomplish high-volume surgeries and im-
obilizations. In addition, antagonizing the TTDex combi-
ation shortens anesthesia recovery.
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