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Antinociceptive effects of epidural tramadol administration
in dogs as an analgesic technique for experimental stifle surgery

Efeitos antinociceptivos da administracdo epidural de tramadol
em cdes como técnica analgésica para cirurgia experimental do joelho

Claudio Correa Natalini?, Alexandre da Silva Polydoro? & Nadia Crosignani?

ABSTRACT

Tramadol is a centrally acting analgesic withpioid and monoaminergic agonist effect. Ten healthy adult dogs were
studied (mean + SEM body weight 17.3 + 3.8 kg), premedicated with acepromazine (0.05 mg/kg, IM), induced with thiopental
(10 mg/kg, 1IV) and maintained under anesthesia with halothane in oxygen. Twenty minutes after starting halothane anesthesia,
tramadol (1.0 mg/kg in 0.22 ml/kg of sterile water) was administered epidurally at the lumbo-sacral space. Surgery began 15
minutes later. Pulse and respiratory rates, systolic, mean and diastolic arterial blood pressure, and pulse oximetry&eere measu
before premedication (baseline), and at fixed intervals after anesthesia induction. Arterial pRaR&PHCO;, and SaQ
were measured at baseline, immediately before the epidural, and 60, 120, 240 and 360 minutes thereafter. Post-opésative analges
was evaluated for four hours using a scoring system. Statistically significant decrease in arterial blood pressure was observed
following anesthetic induction. The PaCiBcreased significantly from baseline at 60 minutes after epidural tramadol. The
remaining variables were not significantly different from baseline values. No variables were significantly different frem value
obtained immediately before tramadol administration. Intraoperative antinociception was considered adequate, with satisfactory
post-operative analgesia for four hours. In conclusion, epidural tramadol seems to produce satisfactory antinociception and
analgesia without causing clinically significant hemodynamic and respiratory depression in healthy dogs undergoing stifle
surgery.
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RESUMO

O tramadol € um analgésico de ac¢éo cental com efeitos sobre regeppibete e efeitos agonistas monoaminérgicos.
Dez caes adultos higidos foram estudados. (média + SD peso corpéreo, 17.3 + 3.8 kg). Os animais foram premedicados com
acepromazina (0.05 mg:kgM), induzidos com tiopental (10 mg:kdV) e mantidos com halotano em oxigénio. Vinte minutos
ap0os o inicio da anestesia com halotano, tramadol (1.0-fregrk.22 ml.kg de agua destilada) foi administrao por via epidural
no espaco lombo-sacro. A cirurgia iniciou-se 15 minutos apés. As frequiéncias de pulso e respiracao, as pressoedieteriais Sisto
média e diastdlica, e a oximetria de pulso foram mensuradas antes da premedicacao (valor basal), e em intervalos regulares ap¢
aindugéo anestésica. Valors arteriais de pH, FRELQ, HCO,, e SaQforam mensurados antes e imediatamente antes da
administracao epidural, e aos 60, 120, 240 e 360 minutos. A analgesia foi avaliada por 4 horas através de uma sistema de
gradac&o. Redugcdo estatisticamente significativa na pressao arterial sanglinea foi observada apos a indugéo anesfésica. A PaC
aumentou significativamente dos valores basais e aos 60 minutos apds a administragao epidural de tramadol. As demais variavei
mantiveram-se sem diferencas significativas dos valores basais. A antinocicepcao intraoperatéria foi considerada adequada,
com analgesia pds-operatéria por 4 horas. Conclui-se que a administracdo epidural de tramadol produz antinocicepcéo e
analgesia sem causar varia¢cdes hemodinamicas e respiratorias em cées higidos submetidos a cirurgia de joelho.

Descritores: tramadol, analgesia epidural, caninos, cirurgia experimental, anestesia experimental.
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INTRODUCTION oxygen for anesthetic maintenance, using a semi-closed

Tramadol was introduced in Germany in thecircle system with a fresh gas flow rate of 30 mi/kg/min.
late 1970g4,11]. It is anp-opioid receptor agonist with The animals were allowed to breathe spontaneously,
an analgesic potency equal to meperidine and 5 &\d body temperature was maintained in the physio-
10 times less than morphine in hummsTramadd |Ogical normal range with the use of an electric warm
inhibits the neuronal uptake of norepinephrine an@lanket.
serotonin(9,10,25} Studies have shown that tramadol Twenty minutes following anesthetic induc-
also has local anesthetic action by producing analgon, 1.0 mg/kg of tramadbl diluted in distilled water
sia after intradermal injection,23], or by reducing to a final volume of 0.22 ml/kg, was administered
pain associated with propofol administratian,31. ~ €Pidurally at the lumbo-sacral space. The dosage rate

Racemic tramadol inhibits the synaptosomaff tramadoi chosen was determined as 1/10 of the
uptake of norepinephrine and serotonin. The (+) enafyStemic dosage used in humans. The technique was
tiomer inhibits serotonin uptake, enhances serotonffformed using a 22 gauge, 3.75cm spinal needle.
release and has modest affinity feopioid receptors. Correct placeme_nt of the spinal negdle in the eplo!ural
The (-) enantiomer inhibits norepinephrine uptak&Pace was confirmed by the hanging drop technique
They also interact in a complementary and synergistﬁ’:nd_by the lack of res_lstance to administration gf Iml
manner to produce antinociception, but do not sunff @ The dogs remained laterally recumbent with the
mate to increase side effects such as constipation apff9ica! side down for 10 minutes before being posi-
respiratory depressigp4]. The pharmacological pro- tioned dor§ally for surgery. Lactate Ringer’s solution
file of tramadol makes it an attractive drug for epiduraYVas .used intra-operatively at a rate of 20 mifkg/h for
administration as an analgesic technique for surgerigge first hou_r and 10 mitkg/h therea_\fter. _
in the hind limbs of dogs. Activation of opioid recep-. . Arterial blood pressure (systolic, mean and dias-
tors, inhibition of the monoaminergic system and Io—tonc)’ pulse_rate, resplratqry rate, arterial blood oxy-
cal anesthetic effectss,24] are likely to decrease trans- gen saturation, and arterial blood gases were eva]u-
mission and improve modulation of afferent nocicep?ted' These measurements were taken in the conscious

tive signals, resulting in significant analgesia. ThesgIog before any drug administration (baseline) and

L ) : : after anesthetic induction at 5, 10, 20, 30, 40, 50, 60,
possibilities along with a shortage of informations o

. . . . 0, 80, 90, 100 and 110 minutes. Arterial blood pres-
the epidural use of tramadol in the veterinary literature : . :
. . . sure was measured non-invasively by oscillometry
motivated this study. Therefore, the pre-operative epi-. ) . .
. . with an appropriate cuff (width approximately equal
dural administration of tramadol was evaluated as an . . . :
0 40% of the limb circumference) positioned proxi-

analgesic technique in dogs submitted to sfifle surge%a”y to the carpus. Pulse rate and arterial blood oxy-
MATERIALS AND METHODS gen saturation were obtained with a pulse oxirfieter
S The oximeter probe was placed on the lip, vulva or
The study was approved by the Scientific Comprepyce for the baseline, and on the tongue for intra-
mittee of the Agricultural Center, Universidade Fedebperative measurements. Respiratory rate and vapori-
ral de Santa Maria, RS, Brazil. Ten adult, clinicallyzey settings (after anesthetic induction) were assessed
healthy, mixed breed dogs, 6 male and 4 female, weight these same intervals.
ing 17.3+ 3.8 kg (mean + SEM; range = 12 to 23 kg) Blood gas analysésvere carried out to deter-
were studied. The dogs were fasted for 12 hours amﬁine arterial partial pressures of oxygen (Bmd
deprived of water for two hours preoperatively. Thearbon dioxide (PaCQ oxygen-hemoglobin satu-
surgical procedure consisted of experimental excisiomtion (SaQ), pH and plasma bicarbonate concen-
and replacement of the cranial cruciate ligament ifration (HCQ). These parameters were measured
the right limb of each dog. before premedication (baseline), immediately before
Acepromazinéwas given intramuscularly as the epidural administration of tramadol (before epi-
premedication (0.05 mg/kg), with the induction ofdural), and then 60, 120, 240 and 360 minutes after
anesthesia performed 15 minutes later with thiopenke epidural procedure. Blood from the femoral artery
taP 10 mg/kg given intravenously through a cathetewas collected anaerobically and immediately stored
previously placed in the cephalic vein. Following train ice water, with the evaluation carried out within a
cheal intubation, halothah&as delivered in 100% period of one hour.

190



Natalini C.C., Polydoro A.S. & Crosignani N. 2007. Antinociceptive effects of epidural tramadol administration in dogs as an
analgesic technique for experimental stifle surgery. Acta Scientiae Veterinariae. 35: 189-195.

The vaporizer settings were adjusted to progreater than 3 points was assumed to be indicative of
vide an adequate depth of surgical anesthesia. Pigain that should be treated with additional analgesics
sence or absence of limb movement, palpebral refldmorphine 0.5 mg/kg intramuscularly, repeated after
and any detectable response to surgical stimulatid®20 minutes as needed). After this 4-hour period, all
were among the clinical parameters used to assesdsgs received 1.0 mg/kg of flunixin meglumine intra-
the depth of anesthesia. Based on this evaluation, dogenously, which was continued for two additional days,
were allowed to be as lightly anesthetized as possib&lministered subcutaneously every 24 hours.
during the surgical procedures. Fentanyl (2.5 mg/kg Statistical analysis was performed using repea-
intravenously) was reserved for intraoperative adminided measures analysis of variance to assess changes
tration to improve antinociception if necessary. Thever time, followed by Bonferroni multiple compari-
criteria for administration was based on an increasson test when a significant difference was indicated.
in pulse rate, mean arterial blood pressure and/or resplifferences were considered significant wir0.05
ratory rate equal or higher than 15% of the previouand the data are reported as mean * standard error of
value after the start of surgery, in the presence of dhe mean (SEM). The SEM bars and the indications
adequate depth of anesthesia. At the end of the anef-statistical significance were omitted from the charts
thesia, duration of anesthetic recovery was measuré@' easier interpretation.
from the time that the vaporizer was turned off to the
moment that the dog assumed sternal position.

Post-operative analgesia was evaluated by an Duration of anesthesia and surgery were 100.2
investigator (SA) unaware of the drug used epidurallys 11.2 and 77.5 + 7.5 minutes, respectively. Duration
with the use of a scoring system designed for this stuayf anesthetic recovery was 81.1 = 21.7 minutes. The
(Appendix A). Baseline assessments for pulse ratsurgical conditions were considered very good, with
respiratory rate, levels of vocalization, activity, pos-good muscle relaxation, and no excessive bleeding.
ture, and color of mucous membranes were performedtraoperative use of fentanyl was not necessary based
in each dog before the administration of any drugon the chosen criteria. Vaporizer settings were signi-
These assessments were repeated in the post-opdieantly decreased over time (Figure 1). Values for
tive period at 60, 120 and 240 minutes. Fifty percerpulse and respiratory rates, systolic, and diastolic ar-
increase in pulse or respiratory rate over baseline arféfial blood pressure, and pulse oximetry were within
or a total score of subjective assessments equal mormal limits for dogs throughout the experiment.

RESULTS

Appendix A. Scoring system used to subjectively evaluate post-operative analgesia through assessments of vocalization,
agitation and mucous membrane coloration of dogs submitted to orthopedic surgery and epidural administration of
tramadol (1.0 mg/kg).

Clinical Sign Score and Patient Criteria

0 = None.

1 = Present, easily controllable by talking to the animal with a calm voice.
2 = Present, controllable with gentle touch and calm voice.

3 = Present, not controllable with gentle touch and calm voice.

Vocalization

0 = Asleep, inactive or calm.

1 = Uncomfortable, changing position constantly.

2 = Agitated, constantly standing up and laying down.
3 = Thrashing and destructive behavior.

Level of activity

0 = Standing spontaneously and weight bearing.

1 = Standing spontaneously, but non weight bearing.

2 = Recumbent, but able to stand with verbal stimulation, with or without minimal help.
3 = Recumbent, refuse to stand with verbal stimulation or minimal help.

Posture

0 = Normal coloration.

Mucous membrane coloration _
1 = Pale mucous membrane.

Total Score Possible 10 points
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Induction of general anesthesia produced a statisti- DISCUSSION

cally significant de.crease in arterlgl blood pressure In humans, tramadol has been used epidurally
although hypotension (mean arterial blood pressugg, many years, but in veterinary medicine the epi-
less than 70 mmHg) was not observed. PRACQ,  gyral administration was studied only recently in hor-
and arterial oxygen-hemoglobin saturation increasegbs where tramadol was found to be 10 times less
significantly from baseline during anesthesia, whilgyotent than morphing,s,18, To date, there are no
they were similar to baseline in the post-operativeeports on the epidural administration of tramadol in
period (120, 240 and 360 minutes after epidural tradogs. Therefore the dose chosen for this study was
madol). None of the cardiovascular and respiratoripased on human literature, where tramadol was used
variables measured were changed with the epidurepidurally in children at doses of 1.0 to 2.0 mg/kg,
administration of tramadol. and from the study done in horses where it was adminis-
The post-operative pain assessment showd§'€d at a dose of 1.0 mg/ee7]. Also, as tramadol

that the dogs were apparently comfortable and thed§S ten tlmes less potent than' m_orphme, the u;e of
. o 1.0 mg/kg in the present study is likely to be equipo-
data are displayed on Table 1. In the subjective evalug-" " .
. o . . tent with the dose of 0.1 mg/kg of morphine common-
tion, all dogs showed no vocalization, were inactiv . .
. used epidurally in doggs].
or sleeping, and presented normal mucous membrane

loration th hout four h ¢ luation. E In this study, a decrease in arterial blood pres-
coloration throughout four hours of evaluation. Orsure, mild hypoventilation and decrease in respiratory

posture, most of the dogs were recumbent in the firte \vere observed with the institution of general

hour, while in the second and fourth hours most ofesthesia as compared to the baseline values in the
them were standing spontaneously, although not weigkfnscious animals. This is expected to happen with
bearing on the operated limb. None of the dogs hagl| the commonly used inhalant anesthetics, as they
fifty percent increase in heart or respiratory rate ovefause dose dependent cardiovascular and respiratory
baseline nor received a total score equal or greatgépressiofes,29} Tramadol was given epidurally after
than 3 points, and therefore no additional analgesi@) minutes of general anesthesia, and no changes in
were used during the four hours of evaluation. arterial blood pressure, pulse and respiratory rates,

2.5+
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Figure 1. Intraoperative halothane vaporizer settings in dogs (n=10) given epidural tramadol (1.0 mg/kg) and submitted to
stifle surgery.
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Table 1.Mean * standard error of the mean of pulse (PR) and respit@tes, and scores used for pain evaluation during
four hours of post-operative period, in dogs (n = 10) submitted to orthopedic surgery and epidural administration of tramadol
(2.0 mg/kg).

Variables
Time
PR (pulses/min)  f (breaths/min) Vocalization® Activity" Posturef Mucous .
membrane color
Baseline 94.5+5.532 23.4+4.48° 0 (n=10) 0 (n=10) 0 (n=10) 0 (n=10)
b b _ _ 1 (n=1) _
60* 119.2+9.74 14.6+1.41 0 (n=10) 0 (n=10) 2 (1=9) 0 (n=10)
* ab ab — — 1 (n=6) =
120 101.2+7.49 15.0+1.21 0 (n=10) 0 (n=10) 2 (n=4) 0 (n=10)
* ab b - _ 1 (n=9) _
240 113.746.23 14.6+0.83 0 (n=10) 0 (n=10) 2 (n=1) 0 (n=10)

Different letters on the same column indicate statistically significant differeRe®s06) between times for the respective variabléne in
minutes after end of surgeriScore (Appendix A) and number of dogs (n).

pulse oximetry and arterial blood gases were noticedor necessary as based on an anthropomorphism for
Similar results have been observed in anesthetizgin.
humans and in unanesthetized horses after epidural Noradrenergic descending pathways and the
administration of tramadqe,14,18,27,30] Additionally, ~ Serotonergic system innervate all levels of the spinal
intravenous doses up to 2.0 mg/kg in conscious hgord, and can modulate afferent pain signals at this
mans, and up to 10 mg/kg in awake or anesthetizdgvel (26,32} Opioids, noradrenergic and serotonergic
dogs had no significant adverse cardiovascular effecugs can interact with these systems to produce antino-
[16,19]. ciception, and the use of these drugs in combination
While inhalant anesthetics cause unconscioudlProves analgesia significantly.7,12,32]This may
ness and the patient does not experience pain, ev@fPlain the antinociception obtained with the use of
profound planes of anesthesia may not block nocicefPidural tramadol as its opioid and monoaminergic
tion and many of the autonomic responses related fftiONS interact at the level of the spinal cord to pro-
surgical stimulatiorj1s]. Although clinical evaluation duce antanC|(_:e_pt|o[124,25]. ) ) )
of adequate intraoperative antinociception may be The opioid and monoaminergic actions Of_ tra-
difficult, tachypnea, tachycardia and hypertension m a;padol are well recognized, and local anesthetic ef-

be observed in anesthetized animals in response .FoCtS have also been demonstrated more recently. The

surgical stimulatiorj13]. Attempts to block these res- intravenous regional administration of tramadol was

) . . . shown to reduce the incidence of the painful sensa-
ponses by increasing the volatile anesthetic concep- . A . .
tration will result in severe respiratory depressi lon associated with intravenous administration of pro-
P y depressian ofol in humang22,31) Also in humans, intradermal

None of these changes were observed in the IDres"ﬁﬁtection of tramadol produced loss of sensation to

study. The anesthetic depth was maintained as IigBFn prick, light touch and cold in one study, and sur-

as possible, with most dogs showing .palpebral regjical analgesia similar to prilocaine in anotfiez3].
flexes and some degree of shivering in the second,.,| anesthetic effects, combined with the opioid
half of the anesthetic procedure, yet surgical condignq monoaminergic actions, support the findings of

tions were good. Vaporizer settings remained beloWsisfactory antinociception obtained in the present
1.0% for the surgical period 30 minutes after epiduraly,qy,

administration of tramadol to the end of anesthesia, The use of scores to evaluate the analgesic

in the present study, with values similar or even lowegtatus of animals may not be accurate in some occa-
than the reported minimum alveolar concentratioRjons due to the subjective and complex nature of
of 0.87% for halothane in dogss]. A control group pain[17]. However, pale mucous membranes due to
receiving epidural saline or sterile water was not stueripheral vasoconstriction, tachypnea, and tachy-
died for comparison as the authors considered not etijardia may occur as a sympathetic response to pain
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in conscious animal@3,171 Changes in respiratory In conclusion, epidural tramadol produces
rate are good physiologic indicators of pain with aatisfactory intraoperative antinociception and post-
high correlation with subjective methods of evaluaoperative analgesia without causing clinically signifi-
tion. Furthermore, a patient that is pain free will b&ant hemodynamic and respiratory depression in
calm, quiet and will often sleep7]. In the present healthy dogs undergoing stifle surgery. This tech-
study, respiratory rate during the post-operative peigue is recommended whenever experimental model

riod remained similar or lower than baseline, and thﬁ)r stifle surgery is studied in dogs as it does confer
animals were quiet, calm or asleep, indicating Sati?)'reemptive pain management

factory post-operative analgesia. Several reports from

the human literature have shown effective postop- SOURCESAND MANUFACTURERS
erative analgesia after epidural administration of . ) . _
tramadol[2,3,20,27] In addition, complete analgesia Acepran 1%, Andromaco, Sdo Paulo, SP, Brazil

. . *Thionembutal, Abbott, S&o Paulo, SP, Brazil
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