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COMPARISON OF INJECTABLE ANESTHETIC COMBINATIONS IN

FREE-RANGING TWO-TOED SLOTHS IN FRENCH GUIANA

Ingrun Vogel, Benolt de Thoisy, Jean-Christophe Vie
Programme Faune Sauvage, EDF/CNEH, Savoie Technolac, 73373 Le Bourget-du-Lac cedex, France

ABSTRACT: Immobilization was studied in 202 free-ranging two-toed sloths (Choloepus didac-

tylus). All the sloths were in good condition with a body weight >2 kg, and were anesthetized

for a variety of minor clinical procedures. Intramuscular anesthetic combinations included 0.1
mg/kg acepromazine + 10 mg/kg ketamine (A/K, n 30), 1 mg/kg xylazine + 10 mg/kg ketamine

(X/K, n = 89), 10 mg/kg tiletamine/zolazepam (T/Z, n 37), and 0.04 mug/kg medetomnidine +

3 mg/kg ketamine (M/K, n 46) antagonized by 0.2 mg/kg atipamezole. The animals were quiet

during the induction stage and complete recumbency was reached in (mean ± SD) 2.5 ± 2.0

mm with A/K, 2.7 ± 1.7 mm with XJK, 1.8 ± 0.6 mm with T/Z, and 2.5 ± 5 with M/K. Utilization
of A/K was not satisfactory because of poor anesthetic level and lack of muscle relaxation. TIZ
induced immobilization was characterized by deep anesthesia and good myorelaxation, btmt often
was associated with irregular respiration and low relative oxyhemoglobin saturation values (SpO2).
Ketamine in combination with alpha2-agonists, xylazine or medetomidine, provided suitable an-

esthesia, with good to excellent muscular relaxation, good analgesia, high SpO., values, moderate

bradycardia, but strong bradypnea with medetomidine. Anesthesia with M/K was reversed after
41.6 mm of immobilization with atipamezole. Calm recoveries were obtained and the animals
were able to hang up after 10.0 ± 7.9 mm. The first signs of arousal were observed within an

average of 43 to 51 mm after the injection of the three other combinations. Recoveries from X/
K immobilization were quiet; sloths held on after 34 mm. With T/Z, recovery’ duration was long
and very irregular at 76.7 ± 31.3 mm, some animals required 3 hr before being able to hang up.
Finally, ketamine in association with an alpha2-agonist appeared to give the best chemical ion-

mobilization in wild two-toed sloths for 40 mm procedures including minor surgery.
Key words: Acepromazmne, Choloepus didactylus, immobilization, ketamine, medetomidine,

tiletamine-zolazepam, two-toed sloth, xylazine.

INTRODUCTION

Two-toed sloths (Choloepus spp.) are ar-

boreal Xenarthra inhabiting Neotropical

rainforests. Sloths have physiological par-

ticularities including a low basal metabolic

rate (McNab, 1985), poikilothermism

(Britton and Atkinson, 1938), a ruminant-

like stomach (Goffart, 1971) and the pos-

sibility to support long periods of apnea

(Irving et al., 1942). There are some re-

ports of anesthesia of captive two-toed

sloths with a limited number of samples

and without study of anesthetic effects.

Chemical immobilizations with pentobar-

bital alone or in combination with prom-

azine were the first reported (Meritt, 1972,

1974; Toole, 1972; Wallach and Boever,

1983). Ketamine has been used alone or

in association with diazepam, aceproma-

zine, xylazine or gas anesthesia to achieve

satisfactory immobilization (Wallach and

Boever, 1983; Dedet et al., 1988; Rappa-

port and Hochman, 1988; Gillespie, 1993;

Wallace and Oppenheim, 1996). Difficul-

ties may occur in controling volatile anes-

thetics because of the ability of the sloths

to cease breathing for up to 20 mm (Irving

et al., 1942). One study reported the uti-

lization of a mixture of tiletamine and zo-

lazepam (Bush and Gilroy, 1979).

During the course of a wildlife rescue

and research project, we had a unique op-

portunity to capture and study a large sam-

ple of southern two-toed sloths (Choloepus

didactylus). A 30 to 40 mm-long immobi-

lization was necessary to conduct a variety

of clinical procedures. Four anesthetic

combinations were used, including ace-

promazine/ketamine, xylazine/ketamine,

tiletamine/zolazepam and medetomidine/

ketamine. Medetomidine was antagonized

with atipamezole. Acepromazine, a phe-

nothiazine derivative, is a potent neurolep-

tic agent with low toxicity. This drug has

been given to a wide variety of species
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TABLE 1. Niumber of two-toed sloths, sex ratio (males: femnales) amid total close for acepromnazimie/ketamine
(A/K). xvlazine/ketamnine (X/K), tiletamine/zolazepam (TIZ), and medetomnidine/ketamnine (M/K) anesthetic

clriug comnbinations tused for field immioobihization in French Guiana.

Groimp A/K Group X/K Group T/Z Group M/K

Niumoiber of sloths 30 89 37 46

Sex ratio 12:18 37:52 16:21 20:26

Total dose (mean ± SD).

in nig/kg 0.1 ± 0.0 10.1 ± 0.U5 1.0 ± 0.15 9.9 ± 1.5 10.1 ± 0.5 0.039 0.005 3.0 0.3

(Lumb and Jones, 1984) and has been

rarely used alone in wild animals (Fowler,

1986). Its use to achieve neuroleptanalge-

sia is possible by combination with a power-

ful analgesic such as ketamine (Loscher

et al., 1991). Xylazine is the most frequent-

ly used immobilizing drug in zoo and wild

animals (G#{246}lthenboth, 1995). It acts syn-

ergistically with most anesthetics by re-

ducing the total dose needed to achieve

immobilization (Greene and Thurmon,

1988). The combination of xylazine and

ketamine is widely used because it pro-

duces relatively safe and reliable short-

term anesthesia (Hatlapa and Wiesner,

1982; Lumb and Jones, 1984). Tiletamine,

a dissociate cyclohexammne anesthetic

combined in a 1:1 ratio with the benzodi-

azepine zolazepam has many advantages

such as the small volume required, ease of

administration, wide safety margin, and

dose-related effects, thus making this com-

bination popular as an immobilizing drug

for use in many wild species (Lin et al.,

1993; G#{246}lthenboth, 1995). Medetomidine,

a potent and selective alpha2-adrenoceptor

agonist, potentiates ketamine to a greater

extent than xylazmne (Arnemo et al., 1993).

It allows to reduce the effective ketamine

dose by as much as 75% (Jalanka, 1991).

Medetomidine has been used both alone

and in combination with ketamine for rap-

id induction of reversible immobilization

in various zoo and wild species (Jalanka

and R#{246}ken, 1990). Rapid reversal is

achieved by using the potent and selective

alpha2-adrenoceptor antagonist atipame-

zole (Jalanka and R#{246}ken, 1990). The pri-

mary objective of this study is to compare

these injectable anesthetic combinations in

order to develop a safe and effective short-

time anesthesia procedure for wild two-

toed sloths.

Animals

MATERIALS AND METHODS

A large number of mammal and snake spe-
cies, and some birds and amphibians, were cap-

tured at the Petit Saut dam on the Sinnamary
river (4#{176}45’-5#{176}04N, 52#{176}55-53#{176}15W, French
Guiana) during the flooding of the forest be-
tween January 1994 and July 1995. Two-toed
sloths were caught by climbing in the trees ei-
ther with a lasso or by cutting branches down
and were picked up in the water from boat with
lasso or net. After capture, they were put im-

mediately into individual cages and transferred
to the veterinary facility after a pirogue trip
lasting no more than 2 hr. At their arrival, they
were held in a quiet place for a minimum of 1

hr.
All mammals were anesthetized for a variety

of minor clinical procedures including blood

sampling, skin biopsy, measurements and tat-
tooing. Anesthetic data were recorded precisely
in 202 healthy two-toed sloths. Body weight av-
eraged 6.92 kg (SD = 2.05 kg) and ranged from
2.22 to 11.80 kg. The number of sloths and sex-
ratio for each group are summarized in Table
1. The unbalanced sex-ratio reflects the de-
mographic structure of wild Choloepus sp. pop-
ulations (Meritt and Meritt, 1976). Pregnancy
diagnostic was done by physical (rectal and ab-
dominal) palpation during anesthesia. Fourteen
females were pregnant.

Anesthetic drugs

Four drug combinations were used Group
A/K consisted of 0.1 mg/kg acepromazine ma-
leate (Calmivet#{174}, Vetoqumnol S.A., B.P. 189,
70204 Lure cedex, France) plus 10 mg/kg ke-
tamine hydrochloride (Ketamme 500 U.V.A.#{174},
Laboratories U V.A., 94200 Ivry-sur-Seine,
France). Group XfK was composed of 1 mg/kg

xylazine (Rompun 2%#{174},Bayer Pharma, 49-Si,
quai de Dion-Bouton, 92815 Puteaux cedex,
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France) plus 10 mg/kg ketamine hydrochloride.

Group TIZ was 10 mg/kg tiletamine/zolazepam

(Zoletil SO#{174},Reading, B.P. 27, 06511 Carros
cedex, France). Group M/K was a formulation

of 0.04 mg/kg medetomidine hydrochloride
(Domitor#{174}, Pfizer Corporation, 91407 Orsay,

France) plus 3 mg/kg ketamine hydrochloride.
When the procedures were completed, 0.2 mg/
kg atipamezole hydrochloride (Antisedan#{174},
Pfizer Corporation, 91407 Orsay, France) were
used for reversal.

General procedures

A 30 to 45 mm-long immobilization was ex-
pected. The animals were not fasted before an-

esthesia. They were weighed with the cage pri-
or to drug administration. The exact body
weight (±20g) was determined after anesthesia
with a digital balance (Table 1). These aggres-

sive animals were physically restrained with a
lasso for a single anesthetic injection given in-

tramuscularly (i.m.) in the hind leg. Supple-
ment doses of immobilization agents were ad-
ministrated i.m. when needed.

The duration of anesthesia was evaluated by

recording the following time intervals after ad-
ministration of the anesthetic mixture: first
signs of ataxia, time of recumbency, complete
immobilization (no reaction to stimulation), ap-
pearance of first signs of recovery (first move-
ments of the claws) and ability to hang on with
at least two limbs. Total immobilization was de-

fined as the time between lack of reaction to
stimulation and appearance of first signs of re-

covery. Recovery period was the time between
appearance of first signs of recovery and ability

to grasp with at least two extremities. It was
impossible to assess return to normal locomo-

tion, i.e., complete recovery, because the ani-
mals remained motionless in the cage even af-
ter complete recovery.

The following events were monitored during

anesthesia. A 0 to 6 degree scale was used to
estimate the anesthetic level in which there was
no effect (0); moderate sedation (1); heavy se-
dation (2); light anesthesia (3); complete anes-

thesia (4) required for our procedures; deep
anesthesia (5); and death due to drug overdose
(6). The degree of muscle relaxation was eval-
uated on the basis of ease of opening the
mouth and relaxation of leg muscles and ex-

pressed as excellent, good, moderate, or poor.
Heart and respiration rates, relative oxyhemo-
globmn saturation values (SpO2) and rectal tem-
perature were recorded 5, 15, 30 and eventu-
ally 45 mm after injection of the drugs. Heart
rate was measured by cardiac auscultation, re-
spiratory rate by direct observation and body
temperature by rectal digital thermometer. Ox-

yhemoglobmn saturation was monitored using a
portable pulse oximeter (model N20 P. Nellcor

Inc., Hayward, California, USA), with the sen-
sor located on the tongue. After manipulation,
the animal was placed back into its cage where
the recovery process was monitored. All visible
side effects like seizures, salivation and cyanosis

were recorded throughout the experiment. Our

own observations on the whole population led
us to define the following events as anesthetic
related complications: tachycardia with heart
rate >170 beats/mm, bradycardia with heart
rate <40 beats/mm, tachypnea with respiratory
rate >70 breaths/mm, bradypnea with respira-
tory rate <7 breaths/mm, hypoxemia with the
relative oxyhemoglobmn saturation values
<80%. The animals were released within 24 hr
according to the manipulation time. A post-re-
lease survey using visual collars and radiotrack-
ing was then conducted for 1 yr.

Data analysis

Quantitative data are given as mean ± stan-
dard deviation (SD) and qualitative data are
presented as percentages. All statistical analysis

were performed with Statistical Analysis Pro-
gram (SAS Institute, Cary, North Carolina,
USA). Calculated P values �0.05 were consid-

ered as statistically significant. In each protocol,
serial recordings of clinical parameters (at 1’5,
T15, T30 and T45) were performed with the

Friedman test for the quantitative parameters.
The comparisons between data obtained in the

different procedures were compared for the
quantitative parameters using the General Lin-
ear Mean procedures to calculate Least Square
Means and were performed with the chi square

test for qualitative data.

Induction time

RESULTS

All trials produced a smooth and un-

eventful induction (Table 2). Mean induc-

tion times were globally similar for sloths

immobilized with A/K, X/K and M/K but

T/Z resulted in significantly shorter induc-

tion periods. Supplemental doses were

needed to achieve induction in one sloth

in the A/K and M/K groups, in five of the

89 sloths in the X/K group and in one an-

imal in T/Z group. These animals were ex-

cluded from the statistical analysis.

Anesthetic level and muscle relaxation

No significant differences were record-

ed in anesthetic levels of XJK, M/K and
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T.�BLE 2. Commoparative amiesthiesia imotervahs (meami ± SD (range)) for two-toed sloths imnmnobilizecl with ace-

promoiazimoe/ketamiiine (A/K), xvhazimoe/ketamiiine (X/K), tiletamimie/zohazepam (TIZ) and medetomidine/ketamine

(M/K).

Amuestlmesia timmues (mmuimm A/K X/K T/Z M/K

I mi(himctiomu

Ataxia 1.49 ± 0.5414a

(0.52-:3. 17)

1.27 ± 0.45’�

(0.50-3.08)

1.01 ± 0.384,5.6

(0.50-2.50)

1.34 ± 0.406

(0.50-2.28)

Recummoobemicv 2.82 ± 2.0:32 2.73 ± l.73� 1.75 ± 0.592.3.7 2.51 ± 0.54�

(:oniplete imnmooobihizatiomi

(0.53-11.0)

6.:33 ± 2.25

(4.5-10. l7)�’

(1.00-5.00)

3.99 ± 1.57�

(1.82-8.00)

(1.03-3.50)

2.8 ± i.i5��

(1.33-6(X))

(1.42-3.83)

4.13 ± 1.35�

(2.50-8.50)

Spomitaneomus recovery

First signs 43 ± 12� 50 ± 17.5’ 51 ± j352 455 ± �05d

hanging imp

(22.5-70)

72 ± 20

(18-100)

89 ± 3435

(32-86)

127 ± 3l��

(35-66)

63 ± ise

(46-125) (38-180) (75-200) (45-83)

Total imuomuohihizatiomi timmie 44.4 ± 10.7C

(28.3-50)

46.5 ± 16.5

(18.5-90.0)

48.7 ± 13.8

(27.0-83.7)

43.2 ± 12.1

(30.0-62.2)

Recovery timiue 29 ± 13� 40.2 ± 25.4’ 76.7 ± 31.3’ 9.3 ± 8.5

(11-68) (2-138) (27-159) (1_21)e

Mean valmuts with saint soperscriI)ts (1.2.3. etc.) are sigumificammthv hfferemit (P < 0.05).
h Ileaclad ommlv 1w 1/3 of sammple.

Omulv 1/3of sammuple iS t’omusidered.
(I = 9

11 = 4.

T/’Z. Sixty percent of the animals reached

degree 4 or 5 on our scale. XJK, M/K and

T/Z respectively induced 4, 12 and 19% of

degree 5 on the scale. Utilization of A/K

induced poor anesthetic levels: only 36%

of the animals in degree 4, 57% in degree

3 and 7% in degree 2.

Regarding myorelaxation, significant dif-

ferences were observed between all four

trials except T/Z and X/K. Group A/K

showed a lack of muscle relaxation. At the

beginning of the anesthesia the sloths re-

mained tense and rolled up into a ball. Af-

ter approximately 5 mm, a low muscle re-

laxation appeared, which made the manip-

ulation of the animals possible. A poor,

moderate or good myorelaxation were ob-

served respectively in 15, 12, and only one

of the 28 sloths. T/Z and XJK resulted in

a satisfactory myorelaxation (with 70%

good or excellent myorelaxation). M/K in-

duced the highest degree of relaxation. No

animal showed poor myorelaxation and

only one was recorded as moderate.

Clinical data

Figure 1 shows the comparison between

the effects of A/K, X/K, M/K, and TfZ on

rectal temperature, heart rate, respiratory

rate, and relative arterial oxygen satura-

tion.

Initial rectal temperature was highly

variable: 32 C to 38 C. In all groups, there

was a significant decrease (0.5-1.3 C) in

the mean rectal temperature during the

immobilization period. There was no sig-

nificant difference between A/K, XJK, M/K

and T/’Z with respect to mean rectal tem-

perature recorded 5, 15, 30, 45 mm after

injection.

With A/K, no significant alteration of

heart rate was recorded during anesthesia

period. With ketamine in association with

an alpha2-agonist, there was a significant

decrease in heart rate: 61 ± 15 to 46 ± 13

bpm in XJK group, 61 ± 17 to 47 ± 10

bpm in M/K group. Bradycardia was re-

corded with X/K combination in six ani-

mals and in two individuals after M/K ad-
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FIGURE 1. Mean vahues for rectal temiiperature (A), heart rate (B), respirator’ rate (C) and oxs’huemoglobimi

saturation (D) at 15 mm intervals for wild two-toed sloths anesthetized with acepromnazimie/ketamiiine. xvlazine/

ketamnine, tihetamnine/zolazepam, and medetomnidine/ketamnimie. Values with same simperscript mmmiibers are sig-

nificantly different (P < 0.05).
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ministration. Administration of T/Z also

was associated with a significant, persistent

decrease in heart rate, but less pro-

nounced. The mean heart rate dropped

gradually from 79 ± 21 bpm to 62 ± 16

bpm, down to 34 bpm in one animal.

Respiratory rates were highly variable

during anesthesia from one sloth to anoth-

er, mainly with T/Z. Nevertheless, in all

groups, mean values remained stable

throughout anesthesia. M/K induced sig-

nificantly lower mean rates than did TIZ,

A/K and X/K. The initial mean respiratory

rate was 14 ± 8 bpm and decrease non-

significantly to 11.5 ± 5 bpm. Slight an-

esthetic related complications were ob-

served with this last combination: brief pe-

riods of apnea observed during the first

few minutes in one animal and bradypnea

in four additional individuals. The highest

mean respiratory rates were observed with

A/K. Tachypnea was recorded on 13 oc-

casions either at the beginning or at the

end of anesthesia. Mean values observed

with A/K were similar to those with T/Z

and X/K. Tachypnea also was observed in

four and three animals belonging to the X/

K and T/Z groups respectively. Two indi-

viduals in group XJK and group TIZ exhib-

ited bradypnea. One animal had an irreg-

ular respiratory rate with the X/K combi-

nation.

Relative arterial oxygen saturation

(SpO2) was not recorded during A/K im-
mobilization due to technical problems.

The animals anesthetized with T/Z showed
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TABlE 3. Reversal of M/K anesthesia with atipamnezole givemi intramuscularly (mimi) imi 23 two-toed sloths.

Meami ± SD Range

Timiie of atipamezole injection (after anesthetic imijectiomi) 41.6 ± 8.9 31.0-68.0

First signs of recovery (after Atipamezole imijectiomi) 4.5 ± 1.8 0.5-7.4

Ilangimig imp (after Atipamezole imijectiomi) 10.0 ± 7.9 3.7-29.5

the lowest mean values for the duration of

immobilization. The initial value was 81 ±

12%; it reached its lowest level after 30

mm (76 ± 11%), and increased during the

last 15 mm to 86 ± 8%. Animals immo-

bilized with XIK and M/K combinations

presented similar values increasing from

89 to 94% and 87 to 96% respectively

throughout anesthesia. Eight animals ( 1 in

)UK group; 3 in M/K group and 5 in T/Z

group) showed hypoxemia; extreme 5p#{176}2

levels of 50 to 52% were observed in one

animal anesthetized with X/K during the

immobilization period. However, it was

not associated with clinical signs, such as

tachycardia, cyanosis, or any other compli-

cation.

Anesthesia intervals

When the procedures were completed,

M/K anesthesia was reversed by atipame-

zole at a i.m. dose of five times the med-

etomidine dose (Table 3). Nine sloths did

not receive atipamezole in order to ob-

serve spontaneous recovery. Eleven sloths

showed first signs of spontaneous recovery

before the injection of atipamezole; they

are not included in the calculation of

arousal time. Atipamezole was injected be-

fore the first signs of recovery in 23 ani-

mals 42 ± 9 mm after anesthetic injection.

Recovery was quiet; animals were able to

hang up after a mean period of 10 mm,

ranging from 3.7 mm to 29.5 mm. Three

sloths received atipamezole intravenously

(iv.). The recovery was uneventful and

shorter; first signs were observed after 0.5

to 1 mm, and animals were able to hang

up after 1.5 to 2 mm. No signs of rese-

dation or abnormal behavior like over-

alertless were observed within 3 hr after

i.m. or i.v. reversal.

In all four groups, mean total immobi-

lization with spontaneous recovery varied

between 40 and 50 mm (Table 2). With

A/K, complete immobilization was

cessful in only one third of the animals al-

though this result was not representative

of the results for the sample as a whole.

Thus, this time is not statistically com-

pared to those obtained with other drugs

combinations. Mean duration of M/K an-

esthesia was the shortest (43.2 ± 12.1 mm)

followed by X/K (46.5 ± 16.5 mm) and

T/Z (48.7 ± 13.8 mm). Some individuals

anesthetized with T/Z required over 3 hr

to hang up. For all groups, no abnormal

behavior was noted within 3 hr after mo-

bthty was regained.

Side effects

No side effects such as regurgitation,

bloating, excessive salivation, cyanosis,

were observed during anesthesia. Excita-

tion during recovery was observed on one

occasion after A/K injection. However, one

animal anesthetized with A/K combination

had a prolonged recovery time (2 hr) and

was found dead the following day at the

release area. Two additional animals anes-

thetized with M/K and TtZ were found

dead a few days after release, although no

problem had been observed during anes-

thesia. The animals were in good body

condition and no abnormal findings were

recorded at necrospy. Stress induced by

capture and translocation to a new habitat

was probably important, exact role of an-

esthesia in the three deaths is difficult to

assess. Two pregnant females were anes-

thetized with A/K, eight with X/K and four

with T/Z. They were observed 12 hr after

reversal and none showed spontaneous

abortion.
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DISCUSSION

A large number of captured sloths was

expected to be captured given of their

density (Montgomery and Sunquist, 1975).

This translocation program provided

unique opportunity to use and compare

the effects of several anesthetic combina-

tions on a large sample, with some drugs

previously used in this species or others

that had not been tested.

Two major factors could influence the

anesthetic effects and increase individual

variations. First, physical condition has a

major influence. Because of the deterio-

ration of the environment (defoliation of

the trees), animals before capture were

facing considerable variation in their hab-

itat. However, to estimate the nutritional

status is difficult in two-toed sloths be-

cause of absence of a subcutaneous layer

of adipose tissue between skin and mus-

culature and low muscle mass (Wislocki,

1928). Therefore, it was only possible to

exclude obviously weak animals from the

study. Second, stress is responsible for an

increase of liberation of Ca2� inducing a

decrease in the effectiveness of anesthetics

on the excitable membranes (L#{246}scher et

al., 1991). Stress also increases the activity

of sympathetic nervous system and thus

increases catecholamines liberation, inhib-

iting alpha2-agonists (Lance, 1991); 50, the

induction could be prolonged and stress

could result in an increase of body tem-

perature and heart and respiratory rates

(Fowler, 1986). The magnitude of the ef-

fects of stress is difficult to assess and was

probably reduced throughout the study

with an increasing knowledge of handling

these animals. We assume that these fac-

tors could be considered as greatly mini-

mized because of the large sample size.

Combinations A/K and X/K were used

at doses recommended by Wallach and

Boever (1983). To our knowledge one

study used T/Z anesthesia, at a dosage of

3 mg/kg (Bush and Gilroy, 1979). These

authors reported long induction time and

too short immobilization time for our pro-

cedures and we increased the dose to 10

mg/kg. Numerous studies have shown that

medetomidine is effective for the chemical

restraint of non-domestic or domestic an-

imals, especially when combined with ke-

tamine (Jalanka and R#{246}ken, 1990; Jalanka,

1991) and we used it in other species from

French Guiana, including howler monkeys

(Alouatta seniculus) (Vie et al., 1998), gold-

en-handed tamarmns (Saguinus midas), and

white-faced sakis (Pithecia pithecia) (Vie et

al., unpub. data), three-toed sloths Brady-

pus tridactylus (P. Chabaud, unpub. data)

and kinkajous Potosfiavus (Fournier et al.,

1998). To our knowledge there is no pub-

lished report on its use in sloths. An initial

trial with 2 mg/kg ketamine and 50 �.ug/kg

medetomidine gave poor myorelaxation

and a marked bradypnea: 5.0 ± 3.2 bpm

after 15 mm of immobilization. Effects on

the respiratory rate was less pronounced

with 3 mg/kg and 40 �.ug’kg. Two-toed sloths

are agressive animals that can cause severe

injuries to handlers or their own carried in-

fants. A short and smooth induction period

was required to reduce stress and to de-

crease the risk of injury both for humans

and animals. In the present study, induction

periods were calm and satisfactory for all

the animals. The i.m. T/Z combination

quickly induced complete immobilization

in the sloths, as reported in other species

(Gray et al., 1974; Eads, 1976). By com-

parison, with similar dosages, the induction

period was 30% longer with M/K, A/K and

X/K, and 20% longer with T/Z in three-

toed sloths Bradypus triciactylus under the

same conditions.

Two-toed sloths are incomplete homeo-

therm animals, with a mean body temper-

ature of 34.5 C (Goffart, 1971). Body tem-

perature varies with outside temperature,

especially in periods of inactivity (Britton

and Atkinson, 1938). Throughout anesthe-

sia, ambient temperature was around 30

C. At this temperature, the risk of hypo-

thermia in two-toed sloths is very low, be-

cause physiological values can reach 24 C,

but sunshine (35-40 C) usually is sufficient

to increase body temperature up to a le-
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thal level (Britton and Atkinson, 1938). In-

dividuals showed very different initial body

temperature ranging from 31 to 38.2 C

and a slight variation of temperature

throughout anesthesia. Thus, we consider

that temperature is unsuitable for the

study of anesthetic effects of these drugs.

Heart rates range between 70 and 130

bpm (Goffart, 1971). A/K produced mini-

mal influence on heart rate as also shown

in three-toed sloths. In contrast, T/Z com-

bination induced a significant decrease in

cardiac rates (61 ± 16 bpm) throughout

the experimental period. We recorded

similar results in other species including

red howler monkeys and three-toed sloths.

Nevertheless, effects of TZ on cardiovas-

cular system appear to be greatly variable

according to studies and species (Lin et al.,

1993). Xylazmne and medetomidine exhibit

the typical cardiovascular effects of alpha2-

agonists compounds when used in combi-

nation; they induced centrally mediated

bradycardia and peripheral vasoconstric-

tion (Loscher et al., 1991). The stimulating

effects of ketamine on the central nervous

system (Wright, 1982) should balance the

depressive effects of alpha2-agonist com-

pounds. In the two sloth species, ketamine

effects could not balance alpha2-agonist

effects, as observed in other studies (Jalan-

ka and R#{246}ken, 1990; Jalanka, 1991; Four-

nier-Chambrillon et al., 1997).

The respiratory rate is a very variable

parameter in two-toed sloths ranging from

10 to 78 bpm in normal conditions, ac-

cording to activity (Meritt, 1985). Mean

values for X/K, A/K, T/Z remained within

physiological interval all along anesthesia,

but M/K was associated with a marked de-

pression of respiratory rate due to mede-

tomidine effect (Jalanka, 1991). Bradypnea

was observed in 9% of the animals and ap-

nea in one case only. We observed such

side effects in other Xenarthra; apnea was

occasionnally recorded in three-toed sloths

and one nine-banded armadillo (Dasypus

noverncinctus) had evidence of cyanosis.

Monitoring of oxyhemoglobmn saturation

with pulse oximetry has been reported in

many wild species but to our knowledge

never in two-toed sloths. This monitoring

became routine in zoological medicine but

some technical problems occur to adapt

the equipment to a large set of species.

The precision can be influenced by various

parameters such as hypothermia and hy-

potension (Saint John, 1992). Measure-

ment of the systolic pressure is not possi-

ble below 50 mm Hg (Erhardt et al.,

1989). Unfortunately, there is no specific

data on blood pressure in two-toed sloths,

although it is supposed to be low (Goffart,

1971). The pigmentation of tissue of the

sensor localization is also important (Saint

John, 1992). It has been suggested that the

tongue is the best localization of the sensor

(Jacobson et al., 1994). Frequently we

failed to record measures in two-toed

sloths but even more difficulties occurred

with three-toed sloths. This could be due

to their low body temperature, deep pig-

mentation of the tongue or low blood pres-

sure, or a combination of all these factors.

The decrease of 5P#{176}2during T/Z anesthe-

sia has been previously reported (Helleyer

et al., 1988). In our study, lowest values

were observed at T:io, with values below

70% in seven animals. As in other studies

(Helleyer et al., 1988), an increase was ob-

served later. Lowest values (57% for T/Z,

50% for M/K) were not related to clinical

signs or any complications. The low basal

metabolism rate of sloths compared to oth-

er mammals (McNab, 1985) may explain

the absence of clinical symptoms despite

relative hypoxemia and low values of oxy-

gen blood saturation. A specificity of sloths

is to survive a phase of apnea of up to 20

mm (Irving et al., 1942). Physiological

events during the period of apnea is not

well known, however, in non anesthetized

animals, there is a strong decrease in heart

and metabolic rates. The produced CO2 is

replaced in the blood by lactate and dis-

persed. Thus, the CO2 blood concentra-

tion remains below the threshold of sen-

sivity and peripheral and central CO2 re-

ceptors are not stimulated (Irving et al.,

1942). Moreover, the high content of myo-
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globmn in the muscle represents an addi-

tional 02 reserve (Goffart, 1971). In most

mammal species saturation values lower

than 70% can be dangerous (Mthm and

Halpermn, 1985), but it does not seem to

be a risk factor in two-toed sloths. In one

animal with an initial 5p#{176}2 value of 61%

and short apnea episodes in the first 8 mm,

an increase to 95% was observed in 15 mm

without supplemental oxygen flow. How-

ever, low values during a long period (>20

mm) could have harmful effects.

As in three-toed sloths, 10 mg/kg keta-

mine associated with 1 mg/kg aceproma-

zine failed to induce myorelaxation and

anesthesia of level 4 in most of two-toed

sloths. Similar results were obtained in ar-

madillos (Dasypus kappleri and D. nov-

emcinctus). Because of the anticonvulsive

properties of acepromazine (Lumb and

Jones, 1984), another ratio might induce a

more satisfactory relaxation and provide

the good anesthesia recommended by oth-

ers (Fowler, 1986). Nineteen percent of

T/Z injections induced a level 5 anesthesia.

Deep anesthesia of level 5 may induce a

useless strain to the organism, that can be

avoided in only classical and non-invasive

clinical procedures. A less stressful im-

mobilization could be obtained by reduc-

ing the dose as observed with three-toed

sloths successfully immobilized with 5 mg/

kg. As in other species (Lin et al., 1993),

myorelaxation with T/Z was good in the

two sloth species and armadillos. Despite

a low xylazmne dose, myorelaxation effects

of xylazine (Lumb and Jones, 1984) also

were satisfactory in the four species and in

another Xenarthra, the collared anteater

(Fournier-Chambrillon et al., 1997). Nev-

ertheless, the best results were obtained

with M/K and this confirms the excellent

myorelaxation properties of this associa-

tion (Jalanka, 1989, 1990; Jalanka and R#{246}-

ken, 1991; Arnemo and Soli, 1992; Arne-

mo et al., 1993; Spelman et al., 1994).

T/Z combination induced a prolonged

period of recovery, which was documented

in different species (Eads, 1976; Payton

and Pick, 1989) and also observed during

our field investigations on howler monkeys

and three-toed sloths. Four two-toed

sloths needed more than 2 hr for complete

recovery. Such a long recovery period is

undesirable for field immobilizations, but

Bush and Gmlroy (1979) using a lower dos-

age (2-6 mg/kg) in the same species failed

to obtain significantly shorter recovery

times.

Antagonization of M/K anesthesia with

atipamezole was rapid and complete with-

in 10.0 ± 7.9 mm in the 23 sloths reversed

by i.m. route. Intravenous administration

of0.2 mg/kg atipamezole shortened the re-

covery after M/K induced immobilization,

however the intramuscular route is pref-

erable mainly given the sloths particular

limb vascular system, retia tnirabile (Gof-

fart, 1971), makes intravenous injections

difficult under field condition. Atipame-

zole iv. has been reported to induce over-

alterness in carnivores (Jalanka, 1989) or

resedation in ungulates (Jalanka and R#{246}-

ken, 1990). We did not observe such phe-

nomenons but this is probably less obvious

to diagnose in sloths than in other species.

Very few side effects were observed be-

tween the immobilization in the veterinary

facilities and the release in the nearby for-

est. One animal was excited during the re-

covery process and one had a prolonged

recovery. It was not possible to observe

long term side effects on the majority of

the animals.

CONCLUSIONS

The A/K combination induced a short

and calm induction time and resulted in

little influence on the cardiovascular sys-

tem. However, the irregular respiratory

rate, the low degree of anesthesia (only se-

dation) and the poor myorelaxation make

it not suitable for C. didactylus at the dos-

es we used. The T/Z combination pro-

duced the shortest induction time and a

deep anesthesia with good muscle relaxa-

tion and minimal influence on the cardio-

vascular functions. But irregular respira-

tory rate, low values of hemoglobin satu-

ration, and especially, a long recovery were
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recorded. Additionally, the perishable so-

lution can be a disadvantage during field

work. The use of an alpha2-agonist in com-

bination with ketamine provides the most

suitable immobilization for wild two-toed

sloths. M/K anesthesia was characterized

by a short induction time, a good level of

anesthesia and an excellent myorelaxation.

Cardiorespiratory depressive effects were

recorded, but no clinical complications oc-

curred. Moreover, oxyhemoglobmn satura-

tion remained at a high level during the

length of immobilization period. Immobi-

lization could be reversed with the antag-

onist atipamezole resulting in a reduction

of recovery period. Bradycardia and irreg-

ular respiration were noted with X/K but

in contrast to M/K depression of respira-

tion was not recorded. The induction pe-

riod was short and calm. A satisfactory an-

esthetic level with good muscle relaxation

and excellent values of hemoglobin satu-

ration were recorded. The recovery period

was smooth and relatively short. No at-

tempt to antagonize xylazmne was made.

Thus, we recommend medetomidine 40

�i.g/kg with ketamine 3 mg/kg, or xylazine

1 mg/kg with ketamine 10 mg/kg for im-

mobilization of two-toed sloths, for 30 to

40 mm-long handling, including classical

clinical procedures, and even minor sur-

geries.
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