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Summary

Objective: To evaluate the efficacy of
yohimbine as an anesthetic reversal agent
for sows anesthetized with a combination of
xylazine, ketamine, and telazol.

Materials and methods: Anesthesia was
induced with xylazine, ketamine, and
telazol in a single syringe, injected intra-
muscularly (IM). Following a 20-minute
stabilization period, palpebral reflex was
evaluated, and if absent, sows were injected
IM with sterile saline (Control sows;

n = 12) or yohimbine HCI (0.1 mg per kg;
Yohimbine sows; n = 12). Data collected
included insensibility measures (palpebral
reflex, jaw tone, nose prick, alertness to
human approach test, body posture) and

physiologic measurements (heart rate,
rectal temperature, respiratory rate, oxyhe-
moglobin saturation). Data was collected
every 10 minutes until complete sensibility
was attained.

Results: Yohimbine sows recovered from
anesthesia 162 minutes earlier than Control
sows (P < .01). For all insensibility measures,
Yohimbine sows regained a normal response
more quickly than Control sows (P <.001).
In addition, Yohimbine sows maintained
greater heart rate (P < .05) and rectal temper-
ature (P < .001) between onset of anesthesia
(the time anesthetic agents were injected) to
completion of the trial (when sow attained
complete return to sensibility). Respiratory
rate and oxyhemoglobin saturation were

maintained within normal physiological
ranges throughout anesthesia, confirming
that respiratory capability was not compro-
mised under this anesthetic protocol.

Implications: Yohimbine is an effective
reversal agent in sows anesthetized with
xylazine, ketamine, and telazol administered
simultancously. This agent can be used by
veterinarians to ensure a quicker recovery
from anesthesia with minimal complications.
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Resumen - Efectos de la yohimbina, un
agente de inversion antagonista alpha 2, en
los pardmetros de recuperacion fisioldgica
de hembras anestesiadas

Objetivo: Evaluar la eficacia de la yohim-
bina como un agente de inversidn anestésica
para hembras anestesiadas con una combi-
nacién de xilazina, ketamina, y telazol.

Materiales y métodos: La anestesia fue indu-
cida con xilazina, ketamina, y telazol en una
sola jeringa inyectada intramuscularmente
(IM por sus siglas en inglés). Después de un
periodo de estabilizacién de 20 minutos, se
evalud el reflejo palpebral y si estaba ausente,

se inyectd a las hembras con solucién IM de
solucién salina estéril (hembras Control;

n = 12) o yohimbina HCI (0.1 mg por kg;
hembras Yohimbina; n = 12). Los datos
recopilados incluyeron medidas de insensibi-
lidad (reflejo palpebral, respuesta de quijada,
puncién de nariz, prueba de alerta de cercanfa
humana, postura corporal) y medidas fisi-
ologicas (ritmo cardiaco, temperatura rectal,
ritmo respiratorio, saturacion de oxihemoglo-
bina). Los datos se recopilaron cada 10 minu-
tos hasta que se logrd sensibilidad completa.

Resultados: Las hembras yohimbina se
recuperaron de la anestesia 162 minutos
antes que las hembras control (P < .01). Para
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todas las medidas de insensibilidad, las hem-
bras Yohimbina recobraron una respuesta
normal mds rdpido que las hembras Control
(P <.001). Ademais, las hembras Yohimbina
mantuvieron un ritmo cardiaco mayor

(P <.05) y temperatura rectal (P < .001)
entre el inicio de la anestesia (el tiempo en
que se inyectaron los agentes anestésicos) y
el término de la prueba (cuando la hembra
regresé a sensibilidad total). El ritmo respi-
ratorio y la saturacién de oxihemoglobina se
mantuvieron dentro de los rangos fisioldgi-
cos normales durante la anestesia, confir-
mando que la capacidad respiratoria no se
afect bajo este protocolo anestésico.

Implicaciones: La yohimbina es un agente
de inversién efectivo en hembras anestesia-
das con xilazina, ketamina, y telazol admin-
istrados simultdneamente. Este agente puede
ser utilizado por veterinarios para asegurar
una recuperacion més rapida de la anestesia
con minimas complicaciones.

Résumé - Effets de la yohimbine, un agent
renversant Paction alpha-2 antagoniste,
sur les paramétres de récupération physi-
ologique de truies anesthésiées
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Objectif: Evaluer lefficacité de la yohimbine
comme agent renversant I'anesthésie chez
des truies anesthésiées avec une combinaison
de xylazine, kétamine, et telazol.

Matériels et méthodes: L'anesthésie a

¢été induite avec un mélange de xylazine,
kétamine, et telazol dans une méme seringue,
et injecté par voie intramusculaire (IM).
Suite & une période de stabilisation de 20
minutes, le réflexe palpébral a éeé évalu, et si
absent, les truies étaient injectées IM avec de
la saline stérile (truies Témoins; n = 12) ou
de la yohimbine HCI (0,1 mg par kg; truies
Yohimbine; n = 12). Les données accumulées
incluaient des mesures d’insensibilité (réflexe
palpébral, tonus de la méchoire, piquage du
groin, attention au test d‘approche humaine,
posture corporelle) et des mesures physi-
ologiques (rythme cardiaque, température
rectale, rythme respiratoire, saturation de
loxyhémoglobine). Les données étaient pré-
levées toutes les 10 minutes jusqu’a ce que la
sensibilité compléte fut atteinte.

Résultats: Les truies Yohimbine ont récupéré
de lanesthésie 162 minutes plus tot que les
truies Témoins (P < .01). Pour toutes les
mesures d’insensibilité, les truies Yohimbine
ont retrouvé une réponse normale plus rap-
idement que les truies Témoins (P < .001).
De plus, les truies Yohimbine ont maintenu
un rythme cardiaque plus élevé (P < .05) et
une température rectale plus élevée (P < .001)
entre le début de 'anesthésie (moment de
administration des agents anesthésiants)
jusqu’a la complétion de lessai (retour com-
plet de la sensibilité). Le rythme respiratoire
et la saturation de loxyhémoglobine se
maintenaient & I'intérieur des valeurs physi-
ologiques normales durant toute l'anesthésie,
confirmant ainsi que la capacité respiratoire
n’était pas compromise avec ce protocole
d'anesthésie.

Implications: La yohimbine est un agent
renversant efficace chez les truies anesthésiées
avec un mélange de xylazine, kétamine,

et telazol administré simultanément. Cet
agent peut étre utilisé par les vétérinaires afin
dassurer un retour plus rapide de anesthésie
avec un minimum de complications.

OWS represent a unique population in

the breeding herd, as physiological

compromise (disease) and age can
make anesthesia induction risky. According
to the American Society of Anesthesiolo-
gists,! age (geriatric), weight,? disease status,
and anatomical variation? contribute to a

heightened anesthetic risk and can lead to
prolonged recovery times and increase post-
anesthetic complications.4 In addition, stud-
ies evaluating natural on-farm sow deaths
confirmed cardiovascular failure as one of
the top three causes of mortality.>” This
increases sow anesthetic risk, as the cardio-
vascular system is a key system altered during
anesthesia. Furthermore, direct observations
in our laboratory revealed that anesthetized
sows (anesthesia induced with xylazine, ket-
amine, and telazol injected simultaneously
in a single syringe) exhibited prolonged
recoveries, on average between 5 and 10
hours. Acknowledging inherent sow risk
factors, it is critical to design a protocol that
minimizes risks associated with anesthesia.

Swine may be anesthetized in order to com-
plete routine production procedures or sur-
gical operations.® Laboratory and on-farm
anesthesia examples include, but are not lim-
ited to, coronary angiography, ischemia and
reperfusion models for human disease,”!?
tracheal culture and bronchoalveolar lavage
for respiratory discase diagnosis,1 L12 9nd
assistance with aggressive animals when
performing reproductive procedures!? or
cuthanasia.l4 A major disadvantage with
anesthesia in swine is the unpredictable
recovery time, which results in increased
post-anesthetic risks and costs attributed to
employee time spent monitoring the animal.
Although utilization of on-farm anesthesia
on a daily basis is not common, anesthesia
combined with an effective reversal agent
can provide an additional diagnostic tool for
veterinarians. Sows are difficult to restrain
due to their large size and can be easily
stressed by physical restraint and handling.
Anesthetic administration routes are limited
in adult swine due to inaccessible superficial
veins and thick subcutaneous fat layers.!> In
addition, responses and reactions of swine
to anesthesia can vary, as noted by resistant
responses to certain sedative drug combina-
tions.1617 Xylazine, ketamine, and telazol
are a common combination of drugs used
for anesthesia of swine both on farm and
under research conditions.!8 The choice to
use all three drugs in combination in our
laboratory was based on a toxicologically
wide margin of safety in swine and pro-
longed analgesic properties attained using
all three drugs, as compared to xylazine

and ketamine administered together!” and
telazol administered alone.?? Yohimbine is
an alpha-2 adrenoceptor antagonist that has
been reported to be effective in reversing

xylazine effects in nursery-age swine and
other food-producing animals.*!"?3 In cats,
yohimbine acts as a stimulant, shortening
both ketamine-induced anesthesia and the
effects of xylazine.?* Providing a quicker
recovery may decrease post-anesthetic
complications in sows, providing a more
efficient, cost-saving method for anesthesia
to be applied on farms. Although yohimbine
has proven effective in nursery-age swine,
inherent anesthetic risk of sows makes it
inappropriate to infer that sows will respond
in the same manner as younger, healthier
swine. The objective of this study was to
determine yohimbine efficacy as an anes-
thetic reversal agent in sows anesthetized
with xylazine, ketamine, and telazol injected
simultancously in a single syringe.

Materials and methods

The protocol for this study was approved by
the Iowa State University Animal Care and
Use Committee.

Animals and housing

Twelve multiparous, non-pregnant, cross-
bred commercial maternal-line cull sows
were used (mean bodyweight + standard
deviation = 233.6 + 18.7 kg). All sows
received a physical examination, which
included lung and heart auscultation,

rectal temperature, and reproductive tract
ultrasonography. These sows were handled
daily for research projects and were familiar
with their environment and caretakers.

The laboratory was located at Iowa State
University, College of Veterinary Medicine,
Ames, Iowa. To avoid confounding injury
due to aggression, each sow was housed in
an individual pen; however, sows could see,
smell, hear, and have nose-to-nose contact
with other cohorts. Sows were provided

ad libitum access to water via one nipple
drinker per pen (Model 65; Trojan Specialty
Products, Dodge City, Kansas). Sows were
fed twice daily on a single feed bunk with

a diet designed to meet or exceed nutrient
requirements for gestating sows.

Treatments

Sows were blocked by body weight and
randomly allocated using a random number
generator to two treatments. Treatments
were as follows: Yohimbine, yohimbine HCI
(0.1 mg per kg) administered intramuscu-
larly (IM) into the neck muscle (n = 12) and
Control, sterile saline administered IM at an
equivalent volume (n = 12).
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Experimental design

All sows were acclimated to the labora-
tory environment for 7 days prior to study
commencement. All 12 sows received both
treatments in a cross-over design with a
10-day washout period. This experimental
design provided robust control of intra- and
inter-animal variation and reduced the
animal number required to find significant
differences. Investigators were blinded

to treatments to reduce the possibility of
observer bias.

Anesthesia protocol

Sows were fasted overnight (16 hours), but
were provided ad libitum access to water
until 1 hour prior to anesthesia administra-
tion. Sows were restrained by a common pig
snare in their home pen and anesthetized.
Anesthetic agents were combined and
injected at the doses indicated: xylazine

(4.4 mg per kg; Anased, Lloyd Laboratories,
Shenandoah, lowa); ketamine HCI (2.2

mg per kg; Ketaset, Wyeth, Madison, New
Jersey); and tiletamine HCl and zolazepam
HCl in combination (4.4 mg per kg; Telazol,
Wyeth).!8 Anesthesia onset began once
anesthetic agents were injected. Ten minutes
after anesthesia onset, sows were placed in
lateral recumbency, and postural adjustments
were made if involuntary movements resulted
in compromised respiratory or circulatory
capability. Twenty minutes after anesthesia
onset, sows were evaluated for a palpebral
reflex. This was determined by placing a
finger on the medial canthus of the accessible
eye and gently running the finger along the
eyelashes. The presence or absence of the pal-
pebral reflex was determined by attempting
to elicit a blink response with three successive
attempts. If a palpebral reflex was absent, one
of the two treatments was administered. If

a palpebral reflex was present, the sow was
monitored every 10 minutes until the palpe-
bral reflex was absent, and treatment was then
administered. To prevent confounding effects
of external stimuli such as human traffic and
talking within and between the pens during
anesthesia induction, these distractions were
minimized. During anesthesia and recovery,
electrical heating pads and blankets were
utilized when the sow’s rectal temperature

dropped below 36°C.

Measures

Insensibility measures. Insensibilicy
measures collected included the human
approach test,?> body posture, palpebral
reflex, jaw tone, and nose prick test. Each

measure was scored on a 0 to 2 scale, with
score 0 representing a normal alert response,
score 1 representing diminished response
from normal, and score 2 representing no
response (Table 1). Insensibility was mea-
sured immediately before anesthesia admin-
istration (Baseline), and every 10 minutes
after anesthesia onset until sows reached a 0
score (Recovery). A sow was considered to
have completed the trial once a 0 score for
all measures was attained.

Physiologic measures. Physiologic mea-
sures were collected at the same time points
as insensibility measures and included heart
rate by auscultation (WLS5605-Cl Stetho-
scope; United Inc, India), rectal temperature
(Jumbo Display Digital Thermometer;
Graham Field Health Products Inc, Atlanta,
Georgia), respiratory rate, and oxyhemo-
globin saturation (SpO5) collected from a
pulse oximeter probe placed on the sow’s

lip or tongue (OxiMax N-65 Quick Guide;
NellCor, Boulder, Colorado).

Statistical analysis

Data were analyzed using SAS software
version 9.3 (SAS Institute Inc, Cary, North
Carolina). Data were analyzed for normal-
ity by plotting a predicted residual plot
and a quantile-quantile plot. Insensibility
and physiologic measures were analyzed
using a mixed model procedure utiliz-

ing polynomial regression in SAS. The
insensibility statistical models included the
fixed effect of treatment (Control versus
Yohimbine), day (2 days), day-by-treatment
interaction, and weight as a linear covariate.
Sow was included as a random effect. The
physiologic statistical models included the
fixed effect of treatment (Control versus
Yohimbine), day (2 days), day-by-treatment
interaction, weight, and time (minutes) cat-
egories. Time categories were created start-
ing at anesthesia onset. Sixty-minute time-
point interval blocks were included. All
interactions were included in the model. A
P value of < .05 was considered significant
for the MIXED analysis of variance and
when separating means. Fixed effect least
squares (LS) means were separated using
the PDIFF option in SAS, and data were
expressed as LS means (95% confidence
intervals) and mean (+ SD).

Results

Insensibility measures
No difference was observed between treat-
ments (Control versus Yohimbine) for time to

administration, with all sows receiving either
Yohimbine or saline on average between 23.5
minutes (95% CI, 17.6-29.4) and 27.0 minutes
(95% CI, 21.4-32.6) post anesthesia adminis-
tration. Yohimbine sows recovered from anes-
thesia 162 minutes earlier than Control sows
(290 minutes, 95% CI, 195.4-384.6 versus
452 minutes, 95% CI, 364.2-559.7; P < .01).
Time to return to sensibility for all measures
(score 0) was shorter for Yohimbine sows
than for Control sows (P < .01; Figure 1).

Physiologic measures

Heart rate. There was a treatment-by-time
interaction, with Yohimbine sows demon-
strating a greater heart rate over the anes-
thesia course than Control sows (P < .05;
Figure 2). Within 3 hours post anesthesia
administration, heart rate did not differ
between treatments. During the following

4 hours, Yohimbine sows maintained greater
heart rates (P < .01). When a 0 score was
attained, mean heart rate in Yohimbine
sows, 69.9 beats per minute (95% CI, 63.0-
76.8), was greater than in Control sows, 49.1
beats per minute (95% CI, 42.7-55.5).

Rectal temperature. The interaction
between treatment and time (P < .001)
demonstrated greater rectal temperatures
throughout anesthesia for Yohimbine sows
than for Control sows (Figure 3). Within
3 hours post anesthesia administration,
rectal temperature did not differ between
treatments. During the following 7 hours,
Yohimbine sows maintained greater rectal
temperatures (P < .001). When a 0 score
was attained, mean rectal temperature was
greater in Yohimbine sows (34.8°C; 95%
CI, 34.2°C-35.3°C) than in Control sows
(32.2°C;95% CI, 31.7°C-32.8°C).

Respiratory rate and SpO,. Respiratory
rate differed by treatment, time, treatment-
by-time interaction, and body weight
between Yohimbine sows (21.0 breaths per
minute; 95% CI, 18.6-23.3) and Control
sows (21.9 breaths per minute; 95% CI,
20.0-23.7): P < .01 (treatment); P < .001
(time); P < .001 (treatment-by-time interac-
tion); P < .001 (weight) (Figure 4). For the
first 3 hours following anesthesia induction,
Control sows had greater respiratory rates
than did Yohimbine sows. For the remaining
5 hours, respiratory rates in Control and
Yohimbine sows did not differ. There was no
difference in respiratory rate between treat-
ments once sows attained a 0 score.
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Table 1: Criteria and scoring system* used to assess insensibility throughout anesthesiat and recovery in sows treated with

yohimbine (n = 12) or saline (n = 12)

Measures Definition Score Observation
Palpebral reflex Eye reaction to 2 No blink response when stimulated three times
physical examination 1 Blink reflex stimulated by two or fewer touches
0 Normal blink response with one touch
Jaw tone Jaw manipulation 2 Flaccid jaw tone: observer able to open jaw with no resistance
1 Resistant jaw tone: observer able to open jaw,
slight muscular resistance
0 Normal jaw tone: sow does not allow jaw to be manipulated
Nose prick Needle tip prick 2 No response: no movement associated with needle tip prick
Diminished response: some movement associated
with needle tip prick
0 Normal response: movement associated with needle
tip prick, sow is evasive
Human Response of sow 2 No response: no orientation towards stimulus.
approach test to human 1 Diminished response: uncoordinated eye, ear, or
head movement in response to stimulus
0 Normal response: oriented eye, ear, or head movement
toward and in response to stimulus
Sow body Body posture 2 Lateral recumbency with no movement
e Lateral recumbency with spontaneous movement
0 Standing on all four limbs

Adapted from Kim et al?’

and Heinonen et a

].26

t Sows were anesthetized with xylazine (4.4 mg/kg), ketamine HCl (2.2 mg/kg), and a combination of tiletamine HCl and zolazepam (4.4 mg/kg)
administered simultaneously in a single intramuscular injection. Treatments administered following anesthesia onset were yohimbine
(alpha-2 adrenoceptor antagonist) administered intramuscularly at 0.1 mg/kg (Yohimbine sows) or an equivalent volume of saline (Control
sows). Insensibility measures were assessed every 10 minutes from injection of anesthetic agents until sows reached a 0 score.

# Measures are in order of return to sensibility for Yohimbine sows.

There were no treatment differences for
SpO,, but for both Yohimbine and Control
sows, SpO, percentage increased with time
under anesthesia (Figure 5).

Discussion

The objective of this study was to determine
yohimbine’s efficacy as an anesthetic reversal
agent in sows. On the basis of previous

work conducted on nursery pigs,21’27’28

we expected treatment with yohimbine

to decrease overall recovery time, decrease
latency time to regain sensibility, and main-
tain physiologic parameters closer to normal
homeostatic levels than treatment with saline.

When insensibility measures were evaluated,
Yohimbine sows recovered sooner than
Control sows, with Control sows taking
over 7 hours to regain full sensibility. The
results of this study are in agreement with
previously published findings that yohimbine

reduces overall time under anesthesia, but

the anesthesia duration for mature sows

was longer than for nursery-age swine. Kim
and colleagues?! reported that pigs receiv-
ing yohimbine 20 minutes after anesthesia
induction regained sternal recumbency (52.2
+ 8.9 versus 76.2 + 20.6 minutes) and the
ability to stand (77.0 £ 9.8 versus 98.7 £ 15.8
minutes) and walk (81.3 + 11.3 versus 110.8
+ 18.6 minutes) faster than did pigs that did
not receive yohimbine. Overall, in the present
study, recovery from anesthesia was three to
five times longer in sows receiving the same
anesthetic protocol at the same dose without
administration of yohimbine. This may be
explained by differences in body composi-
tion and repartitioning of drug in mature
animals. However, further studies should

be conducted. Regardless of prolonged
anesthesia duration, yohimbine effectively
reduced the time under anesthesia and in
turn decreased the risk of post-anesthetic

complications.>%2?

During anesthesia recovery, Yohimbine sows
maintained physiologic parameters more
closely resembling a healthy sow at rest;
however, Control sows had depressed physi-
ological measures. In all species undergoing
anesthesia, it is expected that the animal’s
physiologic state (ie, heart rate, temperature,
respiratory rate, and oxygen exchange) will
be altered from normal homeostatic levels.3
This is due to effects on receptors in the
heart, lungs, and peripheral veins by selected
anesthetic agents such as xylazine.’! Antago-
nistic agents like yohimbine may alter the
impact that anesthetic agents like xylazine
have on the sow’s physiologic status.

Yohimbine sows had faster heart rates than
did Control sows, with Yohimbine sows
maintaining heart rates within a normal
range’? throughout anesthesia (60 to 90
beats per minute). Bradycardia is a common
side effect noted in animals anesthetized
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Figure 1: Latency to regain sensibility least squares means (+ standard error)
(minutes) for anesthetized sows administered yohimbine or saline to mitigate
recovery effects (P <.01). Sows were anesthetized and treatments administered
after anesthesia onset as described in Table 1. Statistical analysis was performed
using a mixed model. Insensibility measures included palpebral reflex, nose prick
test, jaw tone, human approach test (HAT), and body posture.
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Figure 2: Heart rate least squares means by time for anesthetized sows admin-
istered yohimbine. Sows were anesthetized and treatments administered after
anesthesia onset as described in Table 1. Statistical analysis was performed using a
mixed model. Best fit lines for each treatment were fitted using a polynomial func-
tion. Black vertical line represents the first time that heart rate differed between
Yohimbine and Control sows (P < .05).
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with xylazine.?? Xylazine is an alpha-
2-adrenergic agonist that generates systemic
vascular resistance by acting on the alpha-2
receptors located on peripheral veins.! This
in turn produces hypertension and a short
transient tachycardia, followed by a “com-
pensatory baroreceptor-mediated reflex”
resulting in bradycardia and decreased
cardiac output.’! This physiologic event

can lead to inadequate oxygen-rich blood
perfusion to vital organs and compromise
basal metabolic requirements.>* This may
cause complications during recovery and
may cause permanent organ-system dam-
age. The Yohimbine treatment effectively
antagonized xylazine effects on the sow’s
cardiovascular system, as was demonstrated
in Yohimbine sows that did not become
bradycardic during the anesthesia procedure
and maintained a normal heart rate once a 0
insensibility score was attained.

During the anesthesia course, Yohimbine
and Control sows reached subnormal

body temperatures, but Yohimbine sows
maintained higher overall temperatures
within the last anesthetic hours. Rectal tem-
perature in both treatment groups dropped
approximately 1°C per hour within the first
2 hours after anesthesia. Between the third
and fourth anesthesia hours, temperature
dropped only 0.3°C per hour for Yohimbine
sows, whereas the temperature of Control
sows dropped 0.7°C per hour. Neither
treatment group attained normal rectal
temperature (38.0°C to 39.0°C) 3° when the
sows reached a 0 insensibility score. How-
ever, Kim and colleaguf:s21 reported that
nursery pigs had lower rectal temperatures
when yohimbine was administered than did
control pigs. In their study,?! from the time
pigs were anesthetized until recovery, rectal
temperature dropped by 1°C. In the present
study, rectal temperatures of both Yohim-
bine and Control sows dropped approxi-
mately 1°C within the first hour. However,
temperature continued to drop in both
treatment groups due to prolonged recovery
times, which differs from previous work.?!

Hypothermia in anesthetized companion
animals is often overlooked, but can have
severe consequences.>> To date, to the
authors’ knowledge, there are no published
studies evaluating hypothermia in swine. In
companion animals, hypothermia has been
defined as core body temperature dropping
below 36°C,3¢ and this was used in our study
as a critical control point for thermal heat
supplementation. Electrical heating pads and
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Figure 3: Rectal temperature least squares means by time for anesthetized

sows administered yohimbine or saline to mitigate recovery effects (P <.001).
Sows were anesthetized and treatments administered after anesthesia onset as
described in Table 1. Statistical analysis was performed using a mixed model. Best
fit lines for each treatment were fitted using a polynomial function. Black vertical
line represents the first time that rectal temperature differed between Yohimbine

and Control sows (P <.001).
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Figure 4: Respiratory rates least squares means by time for anesthetized sows
administered yohimbine or saline to mitigate recovery effects (P <.01). Sows were
anesthetized and treatments administered after anesthesia onset as described in
Table 1. Statistical analysis was performed using a mixed model. Best fit lines for

each treatment were fitted using a polynomial function.
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blankets were utilized when the sow’s rectal
temperature dropped below 36°C. Yohim-
bine sows maintained greater rectal tempera-
tures and exhibited a slower rate of decline
in rectal temperature over time. This is an
advantage to the animal, as consequences of
heat loss under anesthesia increase the risk of
impaired immune-system function, impaired
blood coagulation, cardiovascular depres-
sion, acidemia, and increased morbidity and
mortality.34

Baseline respiratory rate was different
between treatment groups, with Control
sows having greater mean respiratory rate
than Yohimbine sows. It is unclear why
respiratory rate was greater in Control sows
than in Yohimbine sows and why baseline
respiratory rates in both groups were greater
than reported normal respiratory rates

(10 to 20 breaths per minutes)?? in adult
swine. Housing conditions were regulated
to maintain a constant ambient temperature
throughout the study and were unlikely to
be the source for elevated respiratory rates.
Behavioral excitability is a possible explana-
tion for the increased baseline respiratory
rate. Sows were not provided with a morn-
ing feed ration in order to minimize risk of
aspiration or regurgitation while under anes-
thesia. It was noted that the sows exhibited
increased vocalization and activity on trial
day, compared to their typical behavior. This
may have resulted from the sows not being
fed that morning, which in turn elevated
their respiratory rates. In addition, differ-
ences in baseline respiratory rate between
treatments (Yohimbine versus Control) may
have also been influenced by the sows’ respi-
ratory capability, which is influenced by lung
development, maturation, and structural
status. Previous sow history was not known,
and therefore previous respiratory disease

or compromised lung function may have
influenced respiration under anesthesia.>”
It was noted that body weight had an effect
on respiratory rate. However, because of the
experimental design, weight or behavioral
excitability would be unlikely to influence
respiratory rate, as the same individual
received both treatments.

Although Control sows did have greater
mean respiratory rate during the first

2 hours, respiratory rate did not differ
between treatment groups during the
remaining time under anesthesia. A com-
mon side effect observed with xylazine
administration includes respiratory depres-
sion.>! Kim et al?! reported that Yohimbine
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Figure 5: Oxyhemoglobin saturation least squares means by time for anesthetized
sows administered yohimbine or saline to mitigate recovery effects (P > .05).

Sows were anesthetized and treatments administered after anesthesia onset as
described in Table 1. Statistical analysis was performed using a mixed model. Best
fit lines for each treatment were fitted using a polynomial function. Data points
ended earlier in Yohimbine sows due to difficulty in continuous probe placement

during recovery.
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did not reverse respiratory depression in
younger pigs until 5 minutes after adminis-
tration. The results of our study and those

of Kim et al?! suggest that either yohimbine
does not play a substantial role in controlling
or regulating swine respiration under anes-
thesia, or the measurement methods (evalu-
ating abdominal movements for 15 seconds)
may not have been sufficiently sensitive to
detect respiratory changes.

Treatment had no effect on SpO, concen-
trations in the present study, but all sows
demonstrated a gradual increase in SpO; as
time under anesthesia increased. No sows
were provided with supplemental oxygen,
therefore increased SpO, over time must
be attributed to improved oxygen exchange
by the sow. Gianotti and colleagues
determined that normal SpO, concentra-
tion in swine aged 60 to 90 days was 96%
(£ 2.10%). On the basis of data from this
study, SpO; averages were within normal
levels and did not fall below 90%. These
data suggest that this anesthetic protocol
did not compromise SOw respiratory or
oxygen exchange capability. However, cau-
tion should be taken when evaluating these
results, as methods chosen for measurement
may not be sensitive enough. In comparing
pulse oximetry accuracy to capnography in

dogs, cats, horses, and white-tailed deer, it
has been demonstrated that the accuracy
and consistency of pulse oximetry varies
widely and does not provide readings as
accurate as arterial blood gas analysis.3%40
Although capnography may be a more accu-
rate method than pulse oximetry, additional
expense and technical skills make it difficult
to apply on farm, and it was not chosen for
this study. In addition, pulse oximetry results
were difficult to collect once sows began
regaining consciousness, as the probe needed
to be clamped onto cither a tongue or lip.
Difficulty in placing the probe when sows
were regaining consciousness resulted in less
data collected for the Yohimbine sows.

In conclusion, on the basis of insensibility
and physiologic measures, yohimbine was an
effective reversal agent in sows anesthetized
with xylazine, ketamine, and telazol. Overall
anesthetic recovery time was shorter, and
sows in an anesthetized state were able to
maintain physiological parameters closer to
normal homeostatic values. However, the
effects of yohimbine on physical and behav-
ioral recovery remain unknown. Video data
analysis may provide additional information
regarding the degree of post-anesthesia
ataxia or thrashing with and without yohim-
bine. Yohimbine could be used by veteri-

narians to provide a desired analgesic and
anesthetic effect while surgical procedures
are performed, with a shorter recovery time
that may decrease physiologic complications
associated with anesthesia.

Implications

e Yohimbine is an effective reversal agent
in sows anesthetized with xylazine,
ketamine, and telazol administered
simultancously in a single syringe.

o Sows treated with xylazine, ketamine
and telazol recover sooner when yohim-
bine is administered as a reversal agent,
and physiological parameters return to
normal homeostatic ranges more quickly.

o Recovery time after administration of
xylazine, ketamine and telazol may be
longer in sows than in nursery pigs, and
anesthesia protocols may need to be
adjusted for mature sows.
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