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Comparative evaluation of the effects of epidural morphine and 0.9% sodium
chloride on cardiorespiratory function and anesthestic recovery in ponies

Avaliação comparativa entre os efeitos da morfina e da solução salina 0,9% epidurais sobre a função
cardiorespiratória e a recuperação anestésica em pôneis

Cláudio Corrêa Natalini1, Nadia Crosignani2 & Alexandre da Silva Polydoro2

ABSTRACT

Epidural analgesia is an effective technique to treat acute and chronic pain as well as to provide preemptive,
intraoperative, and  postoperative analgesia. This study was performed to evaluate the effects of epidurally injected morphine
and a control group that received 0.9% sodium chloride. Eighteen healthy male adult ponies were studied. Two groups of 9
were formed. Group M (morphine) received 0.1mg/kg morphine diluted up to 5ml in sterile water, injected at the first intercoc-
cygeal intervertebral space. Group S (saline) received 5ml of sterile 0.9% sodium chloride. All animals received 1mg/kg
xylazine IV for sedation, were induced with 5% guaifenesin at 55mg/kg and 5% thiopental sodium at 4mg/kg IV, and
maintained with halothane. Orthopedic surgeries on the thoracic limb (desmotomy) and on the pelvic limb (total ostectomy of
the metatarsal II bone) were performed. After anesthesia induction, heart rate, respiratory rate, and arterial blood pressure
recorded at 15 minutes intervals, for 90 minutes. Recovery times were recorded beginning when the administration of hal-
othane was interrupted. Recovery quality was graded and compared between groups. Data was analyzed with two-way ANOVA
and Bonferroni’s test, and ANOVA on ranks. Results demonstrated that recovery time was significantly shorter for the saline
group, although the recovery quality was better for the morphine group. Epidural morphine does not produce surgical
analgesia for the thoracic limbs in ponies. However it does produce for the pelvic limbs. Epidural morphine in ponies produces
superior recovery quality when halothane is used as an inhalant anesthetic.
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RESUMO

A analgesia epidural é uma técnica eficiente para tratamento da dor aguda, crônica, transoperatória e pós-operató-
ria. Este estudo foi realizado para avaliar os efeitos da administração epidural de morfina e um grupo controle com cloreto de
sódio 0,9%. Dezoito pôneis adultos, machos foram estudados. Dois grupos de 9 animais foram formados. O grupo M (morfina)
recebeu 0,1mg/kg de morfina, diluída em 5ml de água estéril, administrados no primeiro espaço intercoccígeo. O grupo S
(salina) recebeu 5ml de 0,9% de cloreto de sódio. Todos os animais receberam 1mg/kg de xilazina por via IV para sedação,
foram induzidos com 55mg/kg de guaifenesin 5% e 4mg/kg de tiopental sódio 5% por via IV para indução e mantidos com
halotano. Cirurgias ortopédicas no membor torácico (desmotomia) e no membro pélvico (ostéctomia total do II metatarso)
foram realizadas. Após indução anestésica, as freqüências respiratória e cardíaca, as pressões arteriais foram registradas a cada
15 minutos por 90 minutos. Os tempos de recuperação foram registrados assim que o halotano foi interrompido. A qualidade
da recuperação também foi determinada. Os dados foram analizados estatisticamente e comparados. Os resultados demonstra-
ram que o tempo recuperação foi significativamente menor no grupo salina. A administração epidural de morfina em pôneis,
produz analgesia cirúrgica nos membros pélvicos mas não nos membros torácicos e produz melhor qualidade de recuperação.

Descritores: epidural, morfina, pôneis, analgesia, halotano.
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INTRODUCTION

Epidural analgesia consists of injection of an
analgesic drug into the epidural space and action of
the analgesic drug on specific receptors found on the
spinal cord after diffusion into the region of the dorsal
horn of gray matter [3,31]. Epidural analgesia is an
effective technique to treat acute and chronic pain as
well as to provide preemptive, intraoperative, and
postoperative analgesia. Local anesthetic drugs such
as lidocaine and bupivacaine produce epidural anes-
thesia. Phencyclidine derivatives such as ketamine,
alpha-2-adrenoceptor agonists such as xylazine and
detomidine, and opioid drugs such as morphine, oxy-
morphone, and butorphanol are commonly used to
produce epidural analgesia in veterinary species [5,18].
While local anesthetics produce anesthesia by the
means of blocking sympathetic, sensory, and motor
function at the spinal nerves site, alpha-2-adrenoceptor
agonists, ketamine, and opioids, produce highly
selective spinal analgesia, exception made for mepe-
ridine which in high doses may produce peripheral
nerve block [3,6].

Postoperative pain and stress response can be
treated and prevented in some cases with regional
anesthetic and analgesic techniques, reducing mor-
bidity [19,23,24,27]. The most potent pain relieving
substances known are opioid analgesics, but these
drugs are not extensively used in horses because
marked sympathetic stimulation and central nervous
system excitation are observed when opioids are
administered intravenously in this species. [3,6,12,14,

21,22,25,26].
There are studies showing that morphine

alone or the combination of morphine and detomidine
given epidurally provides profound analgesia for equine
hindlimb pain [15,30]. The aim of this study was to com-
paratively evaluate the effects of epidural morphine
with a saline control group on the parameters of heart
and respiratory rate, arterial blood pressure and reco-
very time and quality in normal healthy ponies.

MATERIALS AND METHODS

This study was performed at Louisiana State
University, school of Veterinary Medicine. Institutional
animal care and use committee evaluation for the
proposed study was done and approved. Eighteen
normal healthy male intact adult ponies were studied.

These animals were divided in two groups of nine.
Body weight was 138.5±44.2 for the morphine group
and 139.8±19.6 for the saline group. Group M (mor-
phine) received 0.1mg/kg morphine1 diluted up to
5ml in sterile water, injected at the first intercoccygeal
intervertebral space. Confirmation of the adequate
epidural space puncture was done using the resistance
to air injection and the hanging drop techniques.
Whenever blood was withdrawn from the epidural
needle, the needle was removed and reinserted. Group
S (saline) received 5ml of sterile 09% sodium chloride
also epidurally at the same intervertebral space. For
the epidural injection a .91mm x 6.35cm spinal needle2

was used. The ponies were fasted for 12 hours, although
water was available all time.

All animals received 1mg/kg xylazine3 IV for
sedation, were induced with 5% guaifenesin4 at
55mg/kg and 5% thiopental sodium5 at 4mg/kg IV.
After induction the ponies had their trachea intubated
and connected to the anesthesia machine, and halothane
was started at 2,0 V% on spontaneous ventilation mode
for 10 minutes. After that, halothane expired con-
centration was maintained at 0,9% in both groups. If
arterial blood pressure and heart rate should increase
more than 20% from baseline, halothane expired concen-
tration was increased to 1.4V% Expired gases were
monitored with an anesthesia gas monitor6. All ponies
received Ringer’s lactate solution7 intravenously at a
rate of 7ml/kg/hour. After anesthesia stabilization, the
ponies received the epidural drug. The anesthetist in
charge was blind to the agent used for the epidural
injection. Orthopedic surgeries on the thoracic limb
(desmotomy) and on the pelvic limb (splint bone
removal) were performed. Before premedication and
after anesthesia induction, heart rate, respiratory rate,
and arterial blood pressure were recorded at 15 minutes
intervals, for 90 minutes. Heart rate (HR), systolic
arterial pressure (SAP), diastolic arterial pressure
(DAP), mean arterial pressure (MAP) were detected
using a noninvasive oscillometric blood pressure
monitor8 with the cuff placed at the tail base. Cuff
diameter to tail circumference ratio was approximately
1:3. Blood pressure measurements were not corrected
according to the height of the tail above the heart.
Respiratory rate (RR) was determined by counting
thoracic and abdominal excursions in 1 minute. Reco-
very times were recorded in minutes beginning when
the administration of halothane was interrupted. Quality
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of recovery was graded as 0 (horse would stand up
on one attempt without ataxia or any motor impai-
rment); 1 (horse would stand up on second or more
attempts without ataxia or motor impairment); 2 (horse
would stand up presenting ataxia or motor impai-
rment); 3 (horse needed assistance to stand up). After
recovery the ponies were monitored during 24 hours
for subjective and objectives signs of pain such as
appetite, bearing weight or not on the surgically ope-
rated limb, and respiratory and heart rate. Ponies
showing signs of pain received 1.0mg/kg of flunixin
meglumine9 intravenously.

Sample size calculations were made considering
a minimum difference of 20 minutes for the anesthesia
recovery time between groups, a power of 0.8 with a
a value of 0.05. With these parameters, the minimum
sample size calculated was 3 to 5 experimental units
for each group. Data was analyzed with two-way
ANOVA and Bonferroni’s test for the numeric para-
meters and with ANOVA on ranks for the categorical
parameters.

RESULTS

All epidural injections were done without ma-
jor difficulties. The spinal needles used were adequate
for caudal epidural puncture in ponies. Blood was
withdrawn through the spinal needle from one pony
on group M. The needle was removed and discharged
and another sterile new needle used to perform the
epidural puncture. The second attempt was successful.
In all other 17 ponies, the access to the epidural space
was done in one attempt.

There was no significant difference between
groups for body weight, doses of xylazine and thio-
pental, and surgery time. Heart and respiratory rate
and arterial blood pressures decreased with time but
without significant difference between groups before
surgery and were significantly higher for group S after
surgery started. For group M, heart and respiratory
rate and arterial blood pressures were significantly
higher then baseline after surgery started on the tho-
racic limbs (Table 2). The recovery time was signifi-
cantly shorter for the saline group (Table 1). The
quality of recovery was considered superior for the
morphine group, with the ponies rolling to sternal re-
cumbency and standing up on their first attempt
(Table 1). On the saline group, the ponies presented

puorgdnaelbairaV ataD

setunimni)DS±(emityrocernaeM

S *0,3+0,51

M *0,01+0,03

)DS±(gnidnatsotstpmettanaeM

S *0,2+0,3

M *0,1
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S )9/3(

M )9/0(

Table 1. Recovery quality in ponies after epidural adminis-
tration of morphine (0.1mg/kg) or saline (0.9%) for orthopedic
surgery (n=9/group).

*Statistically significant difference (p<0.05) for each variable between
the two groups.

paddling movement before attempting to stand up
and were usually ataxic, needing assistance to stand.

DISCUSSION

The location of the first intercoccygeal verte-
bral space was easily achieved by moving the tail on
a dorsal-ventral pattern as described before [22,23].
Decision to inject the epidural solution was made only
when no blood was withdrawn trough the spinal needle
placed in the epidural space and there was negligible
resistance to the injection of 3 to 5ml of air as recom-
mended [22]. We assume that all epidural injections
were done adequately into the first intercoccygeal
epidural vertebral space. In some ponies but not all,
the drop of sterile saline was easily observed being
aspirated from the needle hub similarly to what has
been described [23].

During inhalation anesthesia the potent depres-
sant cardio-respiratory effects of the anesthetic agents
in horses and ponies, decreases respiratory and heart
rate after 15 minutes [25]. In animals and human beings
on halothane anesthesia and spontaneous ventilation
it is expected that the arterial partial pressure of carbon
dioxide (P

a
CO

2
) builds up with time due to the decrease

in tidal volume and respiratory rate, and in cardiac
output. This increase in P

a
CO

2 
produces a sympathetic

stimulation increasing the systemic vascular resistance
and heart rate [25,26]. The respiratory rate did not
change significantly from baseline in both groups
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before surgery started. This can be explained because
in spite of halothane respiratory depression, generally
increasing in P

a
CO

2
 stimulates respiration to compensate

the respiratory acidosis [25]. Although morphine is a
potent respiratory depressant in human beings when
epidurally administered, this effect has not been showed
in animals [26,27]. In our study, there was not an effect
of morphine on the respiratory rate once there was
no significant difference between groups M and S.
Surgical stimulation on pelvic limbs did not produce
significant changes for cardiovascular parameters in
group M, but did for the saline group, demonstrating
an analgesic effect of epidurally administered mor-
phine. There has been studies demonstrating the anal-
gesic effects of epidurally administered morphine and
OP

3
 opioids in horses [22]. When surgical stimulation

was initiated on the thoracic limbs, there were an
increase in heart and respiratory rate as well as arterial
blood pressure in both groups, clearly showing a lack
of surgical analgesia when epidurally administered
morphine is used in ponies. Similar results were de-
monstrated before our study [4].
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S 9.71±2.42 7.9±1.12 *6.31±92 8.9±4.83 ¶ 0.2±91 2.5±1.21 2.2±6.21 ¶

M 7.6±6.62 8.4±7.32 *6.9±3.81 ¶ 7.6±9.53 ¶ 6.6±8.91 1.3±4.9 9.1±3.11 ¶
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S 3.12±4.37 9.52±001 *9.63±4.731 ¶ 2.42±4.531 ¶ 6.22±1.701 1.51±8.99 3.02±5.17

M 2.51±6.57 5.92±5.201 *3.91±501 4.61±931 ¶ 3.61±311 8.02±9.801 9.81±9.77

)gHmm(erusserplairetracilotsyS

S 6.72±8.121 1.91±6.911 *7.12±1.531 ¶ 9.62±1.421 ¶ 0.81±6.111 2.91±6.401 5.71±18 ¶

M 2.01±2.741 4.81±801 *3.81±3.301 2.91±6.121 ¶ 5.02±7.701 4.42±6.801 8.12±9.68 ¶

)gHmm(erusserplairetranaeM

S 0.23±2.601 6.81±3.49 *5.81±19 ¶ 9.22±3.001 ¶ 8.71±3.701 *8.21±7.38 6.81±1.56 ¶

M 9.11±2.611 2.51±6.18 *9.31±06 81±3.49 ¶ 8.81±3.801 *3.91±58 9.61±3.06 ¶

)gHmm(erusserplairetracilotsaiD

S 2.52±8.88 0.12±7.77 *2.02±4.08 1.12±8.78 ¶ 9.61±9.37 4.41±37 6.12±7.35 ¶

M 6.41±4.99 6.41±7.27 *2.01±4.96 5.12±9.67 ¶ 8.91±7.76 4.91±4.27 8.31±95 ¶

Table 2. Physiologic measurements (Mean ± SD) after epidural administration of morphine (0.1mg/kg) or saline (0.9%) for
orthopedic surgery (n=9/group).

*Statistically significant difference (p<0.05) for each variable between the two groups. ¶ Statistically significant difference (p<0.05) for each
variable from basline.

Epidural morphine has been proved to de-
crease the halothane minimum alveolar concentration
for both thoracic and pelvic limbs in dogs [29]. In
ponies that received 0.1mg/kg epidural morphine, the
MAC for halothane was decreased for the pelvic limb
but not for the thoracic limb, using a supramaximal
electrical noxious stimulation [30]. Although reduction
in MAC was not measured in this study, the halothane
concentration with which ponies were maintained
(1.4V%) indicated there was no sparing effect with
epidural morphine, as demonstrated before [4]. It is
fair to speculate that because surgery was performed
on the thoracic limb, the cranial migration of the
epidural morphine did not produce enough activation
of the Mu-opioid receptors at the thoracic and cervical
level of the spinal cord to provide analgesia up to the
thoracic limb. Results from this study and others
substantiate the conclusion that epidural morphine
does not decrease the minimum alveolar concentration
of halothane in ponies when there is noxious stimu-
lation of the thoracic limb.
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Recovery quality was significantly superior
for the morphine group compared to the saline group.
In human beings epidural morphine provides pro-
longed and satisfactory analgesia in the postoperative
period [31]. Recovery after 5-7 hours of halothane
anesthesia in ponies that received 0.1mg/kg epidural
morphine was uneventful and the ponies were standing
within 30 minutes after discontinuing anesthesia [30].
In our study mean time for standing position was 76.3
minutes in the morphine group and 31.3 minutes in
the saline group. This can be explained by the onset
time and long lasting effect of epidural morphine. In
horses, onset time for epidural morphine varies from
1 to 4 hours, lasts from 8 to 19 hours, and produces
profound sedation [24]. Epidural morphine potentially
produced a sedative effect and prolonged the anes-
thesia recovery time. The sedative effect of epidural
morphine could also be responsible for the less dis-
turbing recovery observed in group M.

CONCLUSIONS

The results of this study indicate that 0.1mg/kg
epidural morphine does not produce surgical anal-
gesia for the pelvic limbs in ponies. However it does
produce for the thoracic limbs. Epidural morphine in
ponies produces superior recovery quality when ha-
lothane is used as an inhalant anesthetic. It is suggested
that a similar study should be done in horses.
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