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Abstract : This study investigated the antinociceptive effect of epidural tramadol with bupivacaine in 36 healthy Beagle
dogs. The dogs were divided into 6 groups; 1) C (control), 2) B (0.5% bupivacaine 0.1 mL/kg), 3) BT0.5 (0.5%
bupivacaine 0.1 mL/kg + tramadol 0.5 mg/kg), 4) BT1 (0.5% bupivacaine 0.1 mL/kg + tramadol 1 mg/kg), 5) BT2 (0.5%
bupivacaine 0.1 mL/kg + tramadol 2 mg/kg), 6) BT3 (0.5% bupivacaine 0.1 mL/kg + tramadol 3 mg/kg). The epidural
injection was performed under isoflurane inhalation, after then, nociceptive block and motor block scores were assessed
with physiologic parameters (HR, RR, RT, MAP). BT groups showed significantly longer antinociceptive time than
C and B, while motor block time of BT groups were not different from B except BT3. Durations of total nociceptive
block of BT2 (60.83 ± 19.08 min) and BT3 (74.17 ± 8.61 min) were significantly longer than those of BT0.5
(33.33 ± 8.76 min) and BT1 (37.50 ± 19.43 min), but there was no significant difference between BT2 and BT3.
Durations of total motor block in all groups were less than 20 minutes although that of BT3 was significantly longer
than B. There were no significant differences in HR, RR, RT, MAP among groups. Consequently, epidural administration
of tramadol (2 mg/kg) with 0.5% bupivacaine (0.1 mL/kg) can be used safely and effectively in dogs.

Key words : epidural anesthesia, tramadol-bupivacaine, nociceptive block, motor block, dog.

Introduction

Pain in human medicine is defined as an unpleasant sensory

and emotional experience associated with actual or potential

tissue damage, or described in terms of such damage (4). But

it is difficult to apply to animals, and as an alternative to that,

an aversive sensory experience caused by actual or potential

injury that elicits protective motor and vegetative reactions,

results in learned avoidance and may modify species-spe-

cific behavior, including social behavior (38). In the past, it

was considered that animals did not feel pain or that they did

feel pain differently from humans. However, it is identified

that pain pathways are similar in animals and humans (35). 

Pain relief is often inadequate, and untreated pain has

many undesirable consequences in animals (14,23). This con-

tribute to biological, physiological and behavioral negative

changes, which are in cortisol levels, protein catabolism,

appetite, posture and cardiopulmonary function (16,17,21,22).

These changes can result in depression of the immune

response, delay in recovery, and even failure of the pulmo-

nary, cardiovascular, or gastrointestinal systems. Therefore, a

recognition, assessment, prevention, and treatment of pain

are very important (3,22). 

Pain relief is achieved by block of pain pathway. Adminis-

tration of systemic analgesics is the most commonly used

method of effective pain control. However, many analgesics

administered by systemically have unwilling side effects some-

times, such as bradycardia following fentanyl constant rate

infusion (31). An epidural anesthesia and analgesia (EAA)

has shown to control the pain effectively, often without sig-

nificant systemic effects. The EAA can be used to substitute

or combine with other analgesic techniques (36). Also EAA

may be administered as an adjunct to general anesthetic tech-

niques, which results in reduction of the requirement of

inhalant agents. Administration of EAA not only provides

intra-operative analgesia or reduces a minimum alveolar con-

centration (MAC) of inhalant anesthetics, but also provides

postoperative analgesia of prolonged duration (15,32). His-

torically, EAA was first experimentally performed in dogs in

1885 (8). Clinical usefulness of EAA was advocated in the

1950s (19,30). The studies of newer local anesthetics and

opioids in the epidural space are reported in 1980s (12,34). 

In dogs, a site of EAA is almost lumbo-sacral region.

Because the epidural space is limited, the volume of drug can

affect cranial migration of the drugs and epidural space pres-

sure. Generally speaking, a volume of 1 mL per 5 kg of body

weight blocks up to the first lumbar vertebra, and a maxi-

mum volume, 6 mL is accepted irrespective of patient size

(18,33).

The most frequently used drug in dogs for EAA is

lidocaine, which produces rapid onset and short duration of

sensory and motor block. Bupivacaine is also used, however,

it has slow onset but longer duration of action than lidocaine

in dogs (18). Furthermore, epidural administration of bupiv-

acaine shows longer duration of motor block in dogs (13). In

human medicine, there was a rising interest on study of

maintaining sensory block, but minimal motor block. Such

methods include the continuous infusion of diluted drugs,
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addition of other drugs, and so on (37). 

The epidural administration of an opioid with local anes-

thetics is one of the most common methods for pain control.

The low dose opioids provide effective and long lasting anal-

gesia via opioid receptors (28). Although epidural morphine,

fentanyl, alfentanil and pethidine provide effective analgesia,

repeated and continuous administration of epidural opioids

did increase the adverse effects on respiratory depression,

especially. Tramadol may be advantageous because of a low

risk of respiratory depression (2,9). Tramadol is a µ-opioid

agonist and a blocker of noradrenaline and serotonin reuptake

(27). Various studies reported that tramadol produced a local

and spinal anesthetic effect while also reducing the consump-

tion of analgesics and prolong the postoperative analgesic

period. Also it has little cardiovascular and respiratory de-

pression (7,10,11). There was a study that no significant dif-

ference in the effectiveness of postoperative analgesia between

morphine and tramadol given by the epidural route in female

dogs submitted to ovariohysterectomy (25). 

The mixture of bupivacaine and tramadol by epidural route

are widely studied already in human medicine (6,20,26,29).

However, there was no report about duration of analgesic

effect or motor block of the epidural bupivacaine-tramadol

mixture in dogs. The aim of this study is to investigate the

antinociceptive effect and motor block effect of epidural tra-

madol with bupivacaine in dogs.

Materials and Methods

Animals

This study was approved by the Chungnam National Uni-

versity Animal Care and Use Committee. Thirty-six healthy

male beagle dogs with body weight ranging from 6.5 to 11.5

kg (mean body weight: 8.91 kg, BCS 4-6/9) were included.

The dogs were randomly assigned to 6 groups of 6 each;

Control group (C); Bupivacaine group (B); Bupivacaine-Tra-

madol 0.5 group (BT0.5); Bupivacaine-Tramadol 1 group

(BT1); Bupivacaine-Tramadol 2 group (BT2); Bupivacaine-

Tramadol 3 group (BT3). 

The dogs were assessed by means of physical examination

and clinical laboratory analyses of complete blood count and

serum biochemistry. All findings were within reference ranges.

The dogs were fasted for 12 hours and water was withheld

for 4 hours before the anesthesia. 

Procedure

Before the procedure, baseline physiological parameters;

heart rate (HR), respiratory rate (RR), rectal temperature (RT),

blood pressure (BP) were measured. Intravenous fluid (0.9%

sodium chloride solution, 60 mL/kg/day) was administered

through the cephalic vein. 

All dogs were pre-oxygenated for 5 minutes without pre-

medication. The anesthesia was induced by mask inhalation

of isoflurane (concentration was gradually increased up to

5%, Ifran liquid, Hana Pharm Co, Korea) under pure oxy-

gen. After tracheal intubation, anesthetic status was main-

tained during epidural injection. All dogs were positioned in

sternal recumbency. The pre-clipped epidural injection site

was prepared aseptically. A 22-gauge spinal needle (Spinal

needle, Taechang Industry, Co, Korea) was inserted into the

lumbosacral epidural space. After confirmation of negative

pressure using 1 ml syringe without aspiration of blood or

cerebrospinal fluid (CSF), the selected drug-mixture within a

same syringe was administered; 1) group C: 0.9% NaCl solu-

tion 0.22 mL/kg, 2) group B: 0.5% bupivacaine 0.1 mL/kg,

3) group BT0.5: 0.5% bupivacaine 0.1 mL/kg with tramadol

0.5 mg/kg, 4) group BT1: 0.5% bupivacaine 0.1 mL/kg with

tramadol 1 mg/kg, 5) group BT2: 0.5% bupivacaine 0.1 mL/

kg with tramadol 2 mg/kg, 6) group BT3: 0.5% bupivacaine

0.1 mL/kg with tramadol 3 mg/kg. Preservative-free bupiv-

acaine (Bupivacaine HCl 0.5%, Myungmoon Pharm, Co,

Korea) and tramadol (Toranzin® 100 mg/mL, Samsung Pharm,

Co, Korea) were used and all experiments were proceeded in

a blind manner. In all treatments, the drugs were diluted with

a 0.9% NaCl solution to produce a total volume of 0.22 mL/

kg. During the injection, 1 ml of free air in the syringe was

not compressed. Isoflurane was discontinued at the point of

completion of epidural injection and that time was recorded

as 0-minute. The treated dog was maintained in sternal

recumbency during the experiment. Pain response, walking

status and physiological parameters were recorded.

 

Evaluation

Nociceptive block

The pain response was assessed by applying stimulus with

an Allis tissue forcep clamped close to the first ratchet to the

perineum and the toe-web with 5 minute intervals from epi-

dural injection (0-minute) until normal response reoccurred.

One same observer, unaware of which treatment had been

given, assessed the response to the pain throughout all exper-

iments. The pain response was graded as 3 score system; 1-

no response, 2-reduced response, 3-normal response (with-

drawal or vocalizing). Time to onset and duration of nocice-

ptive block were recorded. The study times (in minute) were

defined as following; 1) time to onset of nociceptive block:

time from the epidural injection to the first reduction of the

response (score < 3), 2) duration of complete nociceptive

block: time during which complete analgesia was observed

(score = 1), 3) duration of total nociceptive block: time during

which analgesia, whether partial or complete, was observed

(score < 3). 

Motor block

The motor function was assessed by standing time and

walking status at 5 minute intervals from epidural injection

(0-minute) until normal walking observed. The walking sta-

tus was graded as 4 score system; 1-unable to walk, 2-

marked stumbling, very ataxic, 3-slight stumbling, 4-normal

walking. The duration of motor block was also recorded. The

study times (in minute) were defined as following; 1) dura-

tion of complete motor block: time from the epidural injec-

tion to the first standing (score=1), 2) duration of total motor

block: time from the epidural injection to the normal walk-

ing (score < 4).

Physiological variables

The HR, RR, RT and MAP were measured before (base-

line), immediately after the epidural injection (0-minute), at
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10 minute intervals for 60 minutes, and then at 60 minute

intervals thereafter until the end the study. HR in beats/

minute was measured by auscultation with a stethoscope. RR

was counted the numbers of breath/minute by observation

and RT was measured by using a digital clinical thermome-

ter in degrees Celsius (oC). MAP was measured by noninva-

sive method using oscillometric blood pressure monitor

(Cardell® 9402, Sharm Vet Inc, USA). 

Statistical analysis

Data were expressed as a mean ± standard deviation (SD).

Statistical analysis was performed using IBM SPSS Statics

21.0 (SPSS Inc, USA). 

To assess the difference of sensory and motor blocked

duration among the groups, one-way analysis of variance

(ANOVA) was used with post hoc analysis by Duncan when

a significant difference was noticed. Difference in sensory

block between right and left limb was not evaluated. Physio-

logical variables were compared using repeated ANOVA fol-

lowed by Dunnett-t and Tukey. 

For all analyses, a value of p < 0.05 was considered as sta-

tistically significant.

Results

Nociceptive block

The onset of nociceptive block was similar among all

groups and mean onset time was within 5 to 7 minutes. Both

durations of complete nociceptive block and total nocicep-

tive block were significantly longer in tramadol mixture

groups than control and bupivacaine alone group. There was

no significant difference between group B and C. As the

doses of tramadol were increased, the durations of complete

nociceptive block and total nociceptive block were pro-

longed. But, group BT0.5 and group BT1 were not signifi-

cantly different. Also, group BT2 and group BT3 were not

significantly different (Table 1).

Motor block

There were no significant differences of duration of com-

plete motor block among all groups. The duration of total

motor block was significantly longer in group BT3 than

group C, group B, and group BT0.5. There were no signifi-

cant differences in duration of total motor block among

group BT1, group BT2 and group BT3 (Table 2).

Physiological variables

There were no significant differences in HR, RR, RT and

MAP among groups. In HR, significant difference from the

baseline was shown at 10 minutes in group BT1 and group

BT3, and at 20 minutes in group BT3 (Table 3). RR did not

differ from base-line with any treatment or time points within

same group (Table 4). In RT, significant differences from the

baseline were observed at 0 minutes and 10 minutes in all

groups except group BT2, and at 20 minutes in group BT1

and group BT3 (Table 5). In MAP, significant difference

from the baseline was shown only at 20 minutes in group C

(Table 6).

Discussion

In human medicine, administration of epidural tramadol

with bupivacaine has been used successfully, providing pro-

longed analgesic effect without severe adverse effect (6,20,

26,29). However, there was little information of epidural tra-

madol with bupivacaine in dogs. Bunnag and Durongphong-

torn examined the analgesic efficacy of EAA of 0.5%

bupivacaine 0.16 mL/kg, 0.5% bupivacaine 0.16 mL/kg mixed

with morphine 0.1 mg/kg, or 0.5% bupivacaine 0.16 mL/kg

mixed with tramadol 2 mg/kg in dogs undergoing stifle sur-

gery and reported that dogs in all treatment groups required

level of isoflurane to less than 1 MAC throughout the surgi-

cal manipulation. However, there was no information about

duration of analgesic effects (5). 

This study investigated the duration of nociceptive block

and motor block of epidural tramadol with bupivacaine in

dogs. The doses of bupivacaine and tramadol for EAA in

Table 1. Onset and duration of nociceptive block of epidural
tramadol-bupivacaine in Beagle dogs

Group
Onset of

block

Duration of

complete block 

Duration of

total block

C 5.00 ± 0.00 00.83 ± 2.04a 01.67 ± 2.58a

B 6.67 ± 4.08 05.00 ± 4.47b 11.67 ± 6.06b

BT0.5 5.83 ± 2.04 20.83 ± 8.61abc 33.33 ± 8.76abc

BT1 5.83 ± 2.04 18.33 ± 15.06abd 37.50 ± 19.43abd

BT2 5.00 ± 0.00 35.00 ± 12.65abcd 60.83 ± 19.08abcd

BT3 5.00 ± 0.00 36.33 ± 12.91abcd 74.17 ± 8.61abcd

Data are expressed in minute as mean ± SD of each group (n = 6).
C: control, B: 0.5% bupivacaine 0.1 mL/kg, BT0.5: 0.5% bupiv-
acaine 0.1 mL/kg with tramadol 0.5 mg/kg, BT1: 0.5% bupiv-
acaine 0.1 mL/kg with tramadol 1 mg/kg, BT2: 0.5% bupivacaine
0.1 mL/kg with tramadol 2 mg/kg, BT3: 0.5% bupivacaine 0.1
mL/kg with tramadol 3 mg/kg
a,b,c,dGroups sharing the same superscript letter differ significantly
from each other (p < 0.05).

Table 2. Duration of motor block of epidural tramadol-bupivacaine
in Beagle dogs

Group
Duration of

complete block 

Duration of

total block

C 4.33 ± 0.52 10.83 ± 2.04a

B 6.83 ± 2.79 14.17 ± 3.76b

BT0.5 6.00 ± 2.19 14.17 ± 3.76c

BT1 7.00 ± 1.55 15.00 ± 3.16a

BT2 6.33 ± 1.97 16.67 ± 2.58a

BT3 7.50 ± 4.09 18.33 ± 2.58abc

Data are expressed in minute as mean ± SD of each group (n = 6).
C: control, B: 0.5% bupivacaine 0.1 mL/kg, BT0.5: 0.5% bupiv-
acaine 0.1 mL/kg with tramadol 0.5 mg/kg, BT1: 0.5% bupiv-
acaine 0.1 mL/kg with tramadol 1 mg/kg, BT2: 0.5% bupivacaine
0.1 mL/kg with tramadol 2 mg/kg, BT3: 0.5% bupivacaine 0.1
mL/kg with tramadol 3 mg/kg
a,b,cGroups sharing the same superscript letter differ significantly
from each other (p < 0.05).
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dogs for the present study were set to produce maximum

nociceptive block and minimum motor block.

The results showed that the onset time of the nociceptive

block was not significantly different among all groups. But

the durations of complete nociceptive block and total nocice-

ptive block were significantly longer in tramadol-bupiv-

acaine mixture groups than control and bupivacaine alone

groups. There were no significant differences between group

C and group B. When bupivacaine is used epidurally alone,

the indicated dose is 1.0-2.2 mg/kg which is 2-4.4 folds to

that of this study (36). Previous human studies reported that

the epidural tramadol with bupivacaine provides prolonged

and good postoperative analgesic quality compared to plain

bupivacaine (6,20,26,29). 

Prakash reported that epidural administrations of bupiv-

acaine with different doses of tramadol showed a dose-

related increase in analgesic effect in children underwent

inguinal herniotomy (26). In current study, durations of total

nociceptive block were 33.33 ± 8.76 minutes (group BT0.5),

37.50 ± 19.43 minutes (group BT1), 60.83 ± 19.08 minutes

(group BT2), and 74.17 ± 8.61 minutes (group BT3), respec-

tively; BT2 and BT3 showed significantly longer block than

BT0.5 and BT1. The epidural administration of 1 mg/kg or

less of tramadol with bupivacaine did not produce satisfactory

durations of nociceptive block. The epidural administration

of 2 mg/kg or more of tramadol with bupivacaine did pro-

duce satisfactory durations of nociceptive block. However, it

seemed like that there was no need to administer 3 mg/kg or

more of tramadol with bupivacaine in EAA in dogs; dura-

tions of nociceptive block of BT3 were not significantly dif-

ferent from those of BT2. Durations of analgesia of previous

studies were much longer than that of this study. Natalini and

colleagues reported that epidural administration of tramadol

1.0 mg/kg in 0.22 mL/kg of sterile water provided satisfac-

tory antinociception and analgesia for 5.5 hours in dogs under-

going stifle surgery (24). Almeida and colleagues reported

that epidurally administered 2% lidocaine 6.0 mg/kg com-

bined tramadol 1.0 mg/kg provided analgesic effect for 24

hours and significantly longer duration of analgesia for 12

hours when compared to lidocaine 6.0 mg/kg combined mor-

phine 0.1 mg/kg in dogs undergoing orchiectomy (1). This

might be caused by different assessment methods, thus,

clamping score versus physiologic and behavioral (activity

and posture) score. 

Durations of complete motor block were not significantly

different among all groups. The longest duration of total

motor block was 18.33 ± 2.58 minutes in BT3 which was

significantly different from group C, group B and group

BT0.5. However, there were no significant differences among

group BT1, group BT2 and group BT3. All dogs showed

normal walking within 20 minutes. These results were incon-

sistent with previous study reported that 0.5% bupivacaine

0.25 mL/kg provided motor block up to 158.3 minutes in

dogs (13). But, the dose of 0.1 mL/kg of 0.5% bupivacaine

was used in present study, which might result in minimal

motor block effects. Prakash and colleagues reported that epi-

durally administered 0.25% bupivacaine 0.75 mL/kg, 0.25%

bupivacaine 0.75 mL/kg with tramadol 1.0 mg/kg, or 0.25%

bupivacaine 0.75 mL/kg with tramadol 1.5 mg/kg, or 0.25%

bupivacaine 0.75 mL/kg with tramadol 2.0 mg/kg showed no

motor block in children underwent inguinal herniotomy (26).

This might be not comparable because the different dose of

bupivacaine as well as difference in maintenance of the gen-

eral anesthesia. In their study, general anesthesia was main-

tained about 35 minutes after epidural injection, but isoflurane

was discontinued at the completion of epidural injection in

this study. 

In this study, all treatments produce minimal physiological

changes in the HR, RR, RT, MAP within and among the

groups. RT decreased relatively to the baseline at the early

part of experiment and it was considered that normal changes

after administration of isoflurane.

As for all this study’s results, group BT0.5 and group BT1

showed relatively short durations of total nociceptive block,

while that of group BT2 and group BT3 were significantly

longer. But, there was no significant difference between

group BT2 and group BT3. Duration of total motor block in

group BT3 was longest (18.33 ± 2.58 minutes) although it

was not significantly different from group BT2. The mini-

mal changes in physiological parameters can be interpreted

as minimal systemic side effects. 

Epidural administration of tramadol with bupivacaine pro-

vided favorable antinociception than bupivacaine alone, with

minimal motor block and rapid onset. Epidural administra-

tion of tramadol (2 mg/kg) with bupivacaine (0.5%, 0.1 mL/

kg) can be used safely and effectively for EAA in dogs.

Although one-hour block could be relatively short, it can be

useful in minor procedure, or expected to provide a MAC

sparing effect in adjuvant to general anesthesia. Further study

is needed to evaluate intra-operative usefulness of and post-

operative analgesic property of bupivacaine combined trama-

dol EAA method in dogs. Another repetitive study with

increased bupivacaine volume also might be considered to

assess whether total antinociceptive duration is elongated.

Acknowledgement

This research was financially supported by CNU research

fund of Chungnam National University in 2015.

References

1. Almeida RM, Escobar A, Maguilnik S. Comparison of analgesia

provided by lidocaine, lidocaine-morphine or lidocaine-tramadol

delivered epidurally in dogs following orchiectomy. Vet Anaesth

Analg 2010; 37: 542-549. 

2. Baraka A, Jabbour S, Ghabash M, Nader A, Khoury G, Sibai

A. A comparison of epidural tramadol and epidural morphine

for postoperative analgesia. Can J Anaesth 1993; 40: 308-313.

3. Barratt SM. Advances in acute pain management. Int

Anesthesiol Clin 1997; 35: 27-47.

4. Bonica JJ. The need of a taxonomy. Pain 1979; 6: 247-248.

5. Bunnag N, Durongphongtorn S. Comparison of epidural

analgesic efficacy of tramadol-bupivacaine and morphine-

bupivacaine combinations in dogs subjected to stifle surgery.

Thai J Vet Med 2010; 40: 117.

6. Choudhuri AH, Dharmani P, Kumarl N, Prakash A. Com-

parison of caudal epidural bupivacaine with bupivacaine

plus tramadol and bupivacaine plus ketamine for postoperative



The Antinociceptive Effects of Epidural Tramadol with Bupivacaine in Beagle Dogs 331

analgesia in children. Anaesth Intensive Care 2008; 36:

174-179.

7. Collart L, Luthy C, Dayer P. Multimodal analgesic effect

of tramadol. Clin Pharmacol Ther 1993; 53: 223.

8. Corning JL. Spinal anaesthesia and local medication of the

spinal cord. New York Med J 1885; 42: 483-485.

9. Delilkan AE, Vijayan R. Epidural tramadol for postoperative

pain relief. Anaesthesia 1993; 48: 328-331.

10. Driessen B, Reimann W. Interaction of the central analgesic,

tramadol, with the uptake and release of 5-hydroxytryptamine

in the rat brain in vitro. Br J Pharmacol 1992; 105: 147-151.

11. Driessen B, Reimann W, Giertz H. Effects of the central

analgesic tramadol on the uptake and release of noradrenaline

and dopamine in vitro. Br J Pharmacol 1993; 108: 806-811.

12. Feldman HS, Covino BG. Comparative motor-blocking effects

of bupivacaine and ropivacaine, a new amino amide local

anesthetic, in the rat and dog. Anesth Analg 1988; 67: 1047-

1052.

13. Franquelo C, Toledo A, Manubens J, Cristòfol C, Arboix

M. Bupivacaine disposition and pharmacologic effects after

intravenous and epidural administrations in dogs. Am J Vet

Res 1995; 56: 1087-1091.

14. Hellyer P, Rodan I, Brunt J, Downing R, Hagedorn JE,

Robertson SA. AAHA/AAFP pain management guidelines

for dogs & cats. J Am Anim Hosp Assoc 2007; 43: 235-

248.

15. Hendrix PK, Raffe MR, Robinson EP, Felice LJ, Randall

DA. Epidural administration of bupivacaine, morphine, or

their combination for postoperative analgesia in dogs. J Am

Vet Med Assoc 1996; 209: 598-607.

16. Holton L, Reid J, Scott EM, Pawson P, Nolan A. Develop-

ment of a behaviour-based scale to measure acute pain in

dogs. Vet Rec 2001; 148: 525-531.

17. Holton LL, Scott EM, Nolan AM, Reid J, Welsh E.

Relationship between physiological factors and clinical pain

in dogs scored using a numerical rating scale. J Small

Anim Pract 1998; 39: 469-474.

18. Jones RS. Epidural analgesia in the dog and cat. Vet J 2001;

161: 123-131.

19. Joshua JO. Epidural anaesthesia. Vet Rec 1956; 68: 801-803.

20. Laiq N, Khan MN, Tahmeedullah, Gandapur YK, Khan S.

Comparison of caudal bupivacaine and bupivacaine-tramadol

for postoperative analgesia in children undergoing hypospadias

surgery. J Coll Physicians Surg Pak 2009; 19: 678-681.

21. Logan A. Pain control in small animals. Vet Times 2007;

37: 26-27.

22. Mathews KA. Pain assessment and general approach to

management. Vet Clin North Am Small Anim Pract 2000;

30: 729-755.

23. Morton DB, Griffiths PH. Guidelines on the recognition of

pain, distress and discomfort in experimental animals and

an hypothesis for assessment. Vet Rec 1985; 116: 431-436.

24. Natalini CC, da Silva Polydoro A, Crosignani N. Anti-

nociceptive effects of epidural tramadol administration in

dogs as an analgesic technique for experimental stifle

surgery. Acta Scientiae Veterinariae 2007; 35: 189-195.

25. Neves CS, Balan JA, Pereira DR, Stevanin H, Cassu RN.

A comparison of extradural tramadol and extradural morphine

for postoperative analgesia in female dogs undergoing

ovariohysterectomy. Acta Cir Bras 2012; 27: 312-317.

26. Prakash S, Tyagi R, Gogia AR, Singh R, Prakash S. Efficacy

of three doses of tramadol with bupivacaine for caudal

analgesia in paediatric inguinal herniotomy. Br J Anaesth

2006; 97: 385-388.

27. Raffa RB, Friderichs E, Reimann W, Shank RP, Codd EE,

Vaught JL. Opioid and nonopioid components independently

contribute to the mechanism of action of tramadol, an

'atypical' opioid analgesic. J Pharmacol Exp Ther 1992; 260:

275-285.

28. Rawal N. Epidural and spinal agents for postoperative

analgesia. Surg Clin North Am 1999; 79: 313-344.

29. Senel AC, Akyol A, Dohman D, Solak M. Caudal bupiva-

caine-tramadol combination for postoperative analgesia in

pediatric herniorrhaphy. Acta Anaesthesiol Scand 2001; 45:

786-789.

30. Spreull JSA. Accidents associated with anaesthesia. Vet Rec

1958; 70: 981.

31. Steagall PV, Teixeira Neto FJ, Minto BW, Campagnol D,

Corrêa MA. Evaluation of the isoflurane-sparing effects of

lidocaine and fentanyl during surgery in dogs. J Am Vet

Med Assoc 2006; 229: 522-527.

32. Torske KE, Dyson DH, Pettifer G. End tidal halothane con-

centration and postoperative analgesia requirements in dogs:

a comparison between intravenous oxymorphone and epidural

bupivacaine alone and in combination with oxymorphone.

Can Vet J 1998; 39: 361-369.

33. Torske KE, Dyson DH. Epidural analgesia and anesthesia.

Vet Clin North Am Small Anim Pract 2000; 30: 859-874.

34. Valverde A, Dyson DH, Mcdonell WN, Pascoe PJ. Use of

epidural morphine in the dog for pain relief. Vet Comp

Orthop Traumatol 1989; 2: 11-14.

35. Vierck CJ. Extrapolation from the pain research literature to

problems of adequate veterinary care. J Am Vet Med Assoc

1976; 168: 510-514.

36. Wetmore LA, Glowaski MM. Epidural analgesia in veterinary

critical care. Clin Tech Small Anim Pract 2000; 15: 177-188.

37. Zaric D, Nydahl PA, Philipson L, Samuelsson L, Heierson

A, Axelsson K. The effect of continuous lumbar epidural

infusion of ropivacaine (0.1%, 0.2%, and 0.3%) and 0.25%

bupivacaine on sensory and motor block in volunteers: a

double-blind study. Reg Anesth 1996; 21: 14-25.

38. Zimmerman M. Physiological mechanisms of pain and its

treatment. Klinische Anaesthesiol Intensivether 1986; 32: 1-19.


