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Abstract
Epidural analgesia is commonly used in large animals. It is an easy, cheap, and effective technique used to prevent or 
control pain during surgeries involving the tail, anus, vulva, perineum, caudal udder, scrotum, and upper hind limbs. The 
objectives of this article were to comprehensively review and summarize all scientific data available in the literature on new 
techniques and drugs or drug combinations used for epidural anesthesia in cattle, camel, and buffalo. Only articles published 
between 2006 and 2016 were included in the review. The most common sites for epidural administration in cattle, camels, 
and buffalos were the sacrococcygeal intervertebral space (S5-Co1) and first intercoccygeal intervertebral space (Co1-Co2). 
The most frequently used drugs and dosages were lidocaine (0.22-0.5 mg/kg), bupivacaine (0.125 mg/kg), ropivacaine 
(0.11 mg/kg), xylazine (0.05 mg/kg), medetomidine (15 μg/kg), romifidine (30-50 μg/kg), ketamine (0.3-2.5 mg/kg), 
tramadol (1 mg/kg), and neostigmine (10 μg/kg), and the clinical applications, clinical effects, recommendations, and side 
effects were discussed.
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Introduction

Ruminants are poor candidates for general 
anesthesia because of the increased risk of compli-
cations such as regurgitation, bloating, and muscle 
damage [1]. Therefore, surgical interventions under 
local anesthesia in standing animals are preferred [1]. 
Paravertebral nerve block, local infiltration of anes-
thetic agents, intravenous regional limb perfusion, and 
epidural anesthesia are commonly used in ruminant 
surgery [1]. Various obstetrical operations, surgical 
procedures of the anus, vulva, perineum, caudal udder, 
and scrotum are performed under epidural analgesia. 
Epidural analgesia is also used as an adjunct for the 
treatment and control of tenesmus [1,2].

Caudal epidural analgesia has received plenty of 
research over the last 10 years. Many anesthetic drugs 
and combinations thereof have been experimented in 
ruminants with variable successful results. By search-
ing the current literature, however, no comprehensive 
review articles that summarize published findings 
regarding epidural analgesia in cattle, camels, and 
buffalos can be found. Therefore, the objectives of 
this article were to comprehensively review and sum-
marize all scientific data available in the literature 
on techniques and drugs or drug combinations used 
for epidural anesthesia in cattle, camel, and buffalo. 
Databases - such as Google scholar, Pubmed, and 

ResearchGate - were used to find newly published 
articles. Keywords such as ruminant anesthesia, local 
anesthesia in ruminants, epidural analgesia in cattle, 
buffalo, and camels were used to find articles in those 
databases. Only articles published between 2006 and 
2016 were included in the review. Only research arti-
cle using an epidural injection of drugs (extradural) 
was included in the study. Data regarding the tech-
nique of epidural administration, drugs and drug com-
binations, dosages, age categories (young vs. adult), 
species and breed, side effects and recommendations 
for applications of various techniques were discussed.
Epidural Injection Techniques and 
Classification

In large animals, the most common sites for epi-
dural administration of anesthetic agents are the first 
coccygeal intervertebral space (Co1-Co2) and the sac-
rococcygeal intervertebral space (S5-Co1) [3,4]. The 
technique is considered easy to perform in standing 
animals and require no special equipment. The site of 
injection can be identified by moving the tail up and 
down in a pump-like manner. The first proximal mov-
ing space that can be easily palpated is the preferred 
location for injection [3]. The site in the dorsal midline 
is clipped and aseptically prepared using a disinfectant 
solution. An 18-Gauge, 1.25ʺ needle is used to pene-
trate the intervertebral space [3]. The needle is usually 
directed slightly in a cranial direction and advanced 
slowly. A lack of resistance or popping sensation usu-
ally indicates that the epidural space is entered [3]. 
Correct placement of the needle can be checked by 
the hanging drop technique which can be performed 
by placing few drops of sterile water or lidocaine into 
the needle hub during insertion [3]. When the needle 
enters the correct space, the drop of saline or lidocaine 
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is observed to be aspirated under the effect of the neg-
ative pressure in the epidural space [3]. Furthermore 
before injection of the drug, negative pressure is 
applied by the syringe to ensure blood or spinal fluid 
is not aspirated [3]. In which case, the needle must be 
withdrawn and adjusted slightly and negative pressure 
is applied again [3].

According to the volume of injected drug, epi-
dural anesthesia can be classified into caudal (low 
dose or low volume) epidural or cranial (high dose 
or high volume) epidural [3]. Low dose or caudal 
epidural anesthesia is the most commonly used tech-
nique and it requires the injection of a small volume 
of the drug [3]. This technique desensitizes the caudal 
sacral nerves within the spinal canal. The motor func-
tions of the hind limbs are not affected [3]. Areas that 
are desensitized by low volume epidural are the tail, 
vagina, vulva, anus, rectum, caudal prepuce, scrotum, 
and urethra [3]. This technique is commonly used to 
prevent or control tenesmus and contractions during 
repair of a prolapsed rectum or vulva, repositioning of 
a prolapsed uterus, and dystocia [3].

In the high dose epidural anesthesia technique, 
the volume of the injected drug is relatively large and 
analgesia is extended therefore further cranially [1,3]. 
Analgesia may reach up to the diaphragm resulting in 

some degree of cardiopulmonary compromise [1,3]. 
In addition, the motor functions of the hind limbs 
will be affected resulting in ataxia and recumbency in 
some animals [1,3]. This technique is less frequently 
used in adult animals, however in young calves, it is 
may be used for umbilical surgeries [1,3].
Drugs and Drug Combinations

The most frequently used drugs for epidural 
analgesia in cattle, camel, and buffalo (Table-1) 
were lidocaine, bupivacaine, ropivacaine, xylazine, 
medetomidine, romifidine, ketamine, tramadol, and 
neostigmine.

The most common drug combinations used 
for epidural analgesia in cattle, camel, and buffalo 
(Table-2) were lidocaine-xylazine, lidocaine-tra-
madol, lidocaine-ketamine, lidocaine-magne-
sium sulfate (MgSO4), xylazine-ketamine, ket-
amine-medetomidine, xylazine-bupivacaine, and 
medetomidine-bupivacaine.
Lidocaine

Lidocaine is an amino amide-type of local 
anesthetic. It acts by blocking signal conduction 
by altering the fast voltage-gated sodium chan-
nels at the neuronal cell membrane [5]. However, 

Table-1: Anesthetic drugs, dosages, analgesic effects and side effects used in cattle, camels, and buffalos for epidural 
analgesia.

Drugs Dosages Technique Species Findings/side 
effects

References

Bupivacaine (mg/kg) 0.125 Co1-Co2 Buffalo calves Mild to moderate 
analgesia
Mild to moderate 
ataxia

[15]

Ropivacaine (mg/kg) 0.11 Co1-Co2 Adult cows Variable analgesia 
with minimal ataxia

[16]

Lidocaine (mg/kg) 0.22 S5-Co1Co1-Co2 Buffalo calves; adult buffalo; 
camel calves; cattle calves

Adequate analgesia 
of the mild to 
moderate ataxia

[6,9,11,23]

Lidocaine (mg/kg) 0.5 Co1-Co2 Cattle calves Mild to moderate 
analgesia

[13]

Neostigmine (μg/kg) 10 S5-Co1 Buffalo calves Adequate analgesia 
of the mild or 
moderate ataxia

[23]

Xylazine (mg/kg) 0.05 S5-Co1
Co1-Co2

Buffalo Analgesia ascended 
to thoracic 
segments
Mild to moderate 
ataxia

[6,15,17]

Tramadol (mg/kg) 1.0 Co1-Co2 Adult Holstein cows Combine with 
lidocaine is 
recommended

[8]

S5-Co1 Buffalo calves Adequate analgesia 
in combination with 
lidocaine

[11]

Medetomidine (μg/kg) 15 Co1-Co2 Buffalo
calves

Adequate analgesia 
of the mild ataxia

[15]

Ketamine (mg/kg) 0.3, 0.5, 0.7, 2.5 L6-S1
Co1-Co2

Buffalo calves
Adult cattle

Complete analgesia 
of the flank region
Mild to moderate 
ataxia

[17,21]

Romifidine (μg/kg) 30, 40, 50 Co1-Co2 Adult cattle Dose-dependent 
analgesia and 
sedation

[20]
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because its action is not specific to the sensory 
tracts, it also blocks motor and sympathetic fibers 
causing hind limb ataxia and weakness and some-
times recumbency [1,3]. The duration of action is 
short which is not suitable in long-duration sur-
gical operations making readministration neces-
sary to complete long surgical procedures [1,3]. 
Opioids and alpha-2 adrenergic agonists are com-
monly used in combinations with lidocaine result-
ing in longer and adequate analgesia [1,3,6-11].

Lidocaine hydrochloride (2%) was the most 
commonly used local anesthetic drug for epidural 
analgesia in cattle, camel, and buffalo (Table-1). The 
dose ranged between 0.11 and 0.22 mg/kg of 2% 
solution [6,9,11]. Most adult cows required between 
5 and 6 ml of the drug to achieve adequate surgical 
analgesia of the caudal regions of the body. Larger 
volumes were associated with increased risk of 
motor paralysis to the hind limbs leading to ataxia, 
incoordination, and recumbency. In most of the 
studies, occurrence if analgesia with lidocaine was 
within 3-5 minutes after injection and lasting up to 
150 minutes depending on the dose. For high dose 
epidurals, the maximum dose of lidocaine was up to 
2-8 mg/kg body weight [12].

Alone or more commonly in combination with 
other anesthetic agents such as ketamine, lidocaine 
produced adequate surgical analgesia of the tail base, 
anus, and perineum in calves [13]. However, ataxia of 
the hind limbs was more pronounced when lidocaine 
was used in combination with ketamine [13].

Bupivacaine

Bupivacaine is a potent amino-amine local anes-
thetic with an extended duration, lower degree of motor 
blockade and lesser toxic effects [14]. In buffalos, 
bupivacaine produced complete analgesia of the tail, 
perineum, inguinal, and thigh regions. However, when 
used in combination with either xylazine or medetomi-
dine, bupivacaine resulted in enhanced analgesia pro-
duced by xylazine, but not medetomidine [15].
Ropivacaine

Ropivacaine, a long-acting amino-amine local 
anesthetic agent was used (0.75%, 0.11 mg/kg) for epi-
dural analgesia in adult cows [16]. It resulted in a pro-
longed bilateral perineal analgesia with minimal ataxia 
and cardiopulmonary effects in standing cattle [16].
Alpha-2 Agonists

Xylazine and medetomidine are common 
alpha-2 agonist sedative and analgesic drugs. 
Alpha-2 agonists produce their analgesic effects 
by stimulating the alpha-2 adrenergic receptors in 
the dorsal horn of the spinal cord [15]. Xylazine 
alone or in combination with lidocaine is the 
second most commonly used drug for epidural 
anesthesia in cattle [15-18]. It resulted in lon-
ger duration of anesthesia using the low dose epi-
dural technique. Alone, xylazine is used at a dose 
rate of 0.05 mg/kg (2%) diluted into 5 ml sterile 
water [15-18]. Onset and duration of anesthesia 
is usually within 10 min and 3-4 h, respectively. 

Table-2: Combinations, dosages, analgesic effects and side effects of anesthetic drugs used in cattle, camels, and 
buffalos for epidural analgesia.

Drugs Dosages Technique Species Findings/side effects References

Lidocaine-Xylazine (mg/kg) 0.22 and 0.05 S5-Co1 Adult buffalo Adequate analgesia
Mild to moderate ataxia

[6]

Lidocaine-tramadol (mg/kg) 0.22 and 1 Co1-Co2 Camel calves Adequate analgesia
Mild to moderate 
sedation and severe 
ataxia

[10]

Lidocaine-tramadol (mg/kg) 0.11 and 0.5 Co1-Co2
S5-Co1

Adult Holstein cows
Buffalo calves

Adequate analgesia
Mild ataxia in buffalo

[8,11]

Lidocaine-ketamine (mg/kg) 0.22 and 1 Co1-Co2 Camel calves Adequate analgesia
Mild ataxia

[9]

Lidocaine (mg/kg) -MgSO4(10%) 0.22 and 1 ml S5-Co1 Adult Holstein cows Adequate analgesia [7,8,13]
Lidocaine-ketamine (mg/kg) 0.5 and 2 Co1-Co2 Young calves Adequate analgesia

Moderate ataxia
[13]

Xylazine-ketamine (mg/kg) 0.05 and 2.5 L6-S1 Buffalo calves Adequate analgesia
Severe ataxia

[17]

Ketamine-xylazine (mg/kg) 2.5 and 0.17 Co1-Co2 Adult camels Adequate analgesia
Mild ataxia and 
moderate sedation

[18]

Ketamine (mg/kg)-medetomidine 
(μg/kg)

2.5 and 10 Adult camels Long duration of 
analgesia
Mild ataxia and 
moderate sedation

[18]

Xylazine-bupivacaine (mg/kg) 0.05 and 0.125 Co1-Co2 Buffalo
Calves

Adequate analgesia
Mild to moderate ataxia

[15]

Medetomidine 
(μg/kg)-bupivacaine (mg/kg)

15 and 0.125 Co1-Co2 Buffalo calves Adequate analgesia
Mild to moderate ataxia 
sedation

[15]

MgSO4= Magnesium sulfate
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Longer duration of anesthesia, however, is expected 
when xylazine (0.03-0.05 mg/kg) is combined with 
lidocaine [6,18]. The onset of anesthesia and dura-
tion of this combination is 5 min and 6 h, respec-
tively [6,18]. Epidural xylazine also results in mild 
to moderate sedation and mild ataxia [6,18]. There 
is also an increased risk of recumbency, decreased 
ruminal motility and bradycardia [6,18].

In one study in bulls undergoing semen collec-
tion using an electroejaculator, xylazine plus hyalu-
ronidase was shown to reduce discomfort during the 
procedure more effectively than xylazine or lidocaine 
alone [19].

Epidural administration of medetomidine can 
produce complete analgesia of the tail, perineum, 
inguinal region, and upper hind limbs in buffaloes. 
However, significant depression of cardiovascular 
parameters was recorded [15].

Administration of ketamine along with mede-
tomidine resulted in significantly early onset and 
slightly longer duration of analgesia with lesser car-
diopulmonary side-effects compared to medetomi-
dine alone or medetomidine with bupivacaine [15]. 
Although the addition of ketamine to medetomidine 
enhanced epidural analgesia, the addition of bupiva-
caine failed to provide any advantage over medetomi-
dine alone [15].

In adult camels, epidural administration of ket-
amine and xylazine combination was compared to 
that induced by ketamine and medetomidine combi-
nation [18]. Analgesia was slower in onset and lon-
ger in duration after ketamine and medetomidine 
combination. Mild ataxia and moderate degree of 
sedation were reported with ketamine-xylazine and 
ketamine-medetomidine combinations for variable 
length of times. It was concluded that the combination 
of ketamine with medetomidine results in a superior 
analgesic effect than that produced by ketamine-xyla-
zine combination in camels.

Romifidine is an imidazolidine derivative and an 
alpha-2 agonist [20]. It has been used in various ani-
mal species including horses, dogs, goats, and cattle 
for its systemic and analgesic effects [20]. In cattle, 
when administered systemically, romifidine appears 
to have similar effects to xylazine with faster and lon-
ger duration of analgesia [20]. After epidural admin-
istration of romifidine in adult cattle, the antinocicep-
tive effect was produced in the tail, anus, perineum, 
vulva, and inguinal area [20]. Analgesia was reported 
to extend to the coronary band of the hind limbs and 
cranially to the thoracic areas [20]. A dose-depen-
dent sedative effect was reported with mild to mod-
erate sedation achieved at 30 and 40 μg/kg doses and 
deep sedation at the 50 μg/kg dose following epidural 
administration [20].
Tramadol

Tramadol is a synthetic analog of codeine [10]. 
The mechanism of action of tramadol is attributed to 

its interaction with opioid μ receptors in the brain and 
spinal cord. It also modulates the monoaminergic spi-
nal pain by inhibiting the re-uptake of norepinephrine 
and serotonin [10].

Tramadol has not been tested alone in any 
of the animal species as an analgesic agent, how-
ever, lidocaine in combination with tramadol (LT) 
has been used in camel calves and in adult Holstein 
cows and in buffalo calves [8,10,11]. LT in camel 
and buffalo calves produced complete analgesia in 
the tail, anus, and perineum in addition to a mild 
to moderate sedation [10,11]. However, animals that 
received LT experienced much more ataxia than 
those that received lidocaine alone. Similar results, 
but without the ataxia, were also obtained in adult 
Holstein dairy cows that received LT combina-
tion [8]. It was concluded that in cattle, LT com-
bination could be used for long-duration obstetrical 
and surgical procedures of the perineal area with-
out the need for re-administration of anesthetic 
agents [10].

Analgesia induced by tramadol administration 
was dose dependent [10]. Slight to mild sedation 
and ataxia were observed when cows received 2 or 
3 mg of tramadol/kg. No significant tramadol-asso-
ciated changes in heart rate, respiratory rate, rectal 
temperature, or rumen motility were detected [10]. 
In another study, the duration of analgesia pro-
duced by tramadol-lidocaine combination was sig-
nificantly longer than lidocaine alone. Ataxia was 
mildly observed in LT and was moderate in lido-
caine [11].
Ketamine

Ketamine is a noncompetitive antagonist of 
N-methyl-D-aspartate (NMDA) receptors in the 
spinal cord [9]. Ketamine induces local analgesia 
by blocking the sodium ion channels. Centrally, it 
also interacts with opioid, monoaminergic and mus-
carinic receptors and voltage-sensitive calcium ion 
channels [9].

Epidural administration of ketamine alone or in 
combination with lidocaine or other sedative agents has 
been reported to produce perineal analgesia in cattle, 
water buffaloes, and camels [9,13,17,18,21].

In camel calves, lidocaine with ketamine (LK) 
produced adequate analgesia of the perineal area and 
moderate sedation [9]. Although ataxia was observed 
in all subjects, it was more pronounced in LK calves. 
The analgesia was of significantly longer duration in 
standing camels compared with the effect of lidocaine 
alone.
MgSO4

Magnesium is endogenous cation in the body 
that plays many physiological actions. In addi-
tion, when administered centrally, it acts as an ant-
inociceptive in both human and animal models of 
pain [22]. The analgesic effects of magnesium are 



Veterinary World, EISSN: 2231-0916 1454

Available at www.veterinaryworld.org/Vol.9/December-2016/19.pdf

believed to be due to the regulation of calcium influx 
into the cell which acts as a calcium antagonist and 
also due to its antagonistic effect on NMDA recep-
tors [22]. MgSO4 has been used for several years 
as an adjunct to post-operative pain medication in 
human surgery [22].

In large animals, data regarding the use of mag-
nesium for epidural anesthesia is almost not avail-
able. In one study, caudal epidural anesthesia was 
obtained in adult dairy cows using a combination of 
2% lidocaine (0.22 mg/kg) solution and 1 mL of 10% 
MgSO4 solution [7]. Epidural administration of lido-
caine-MgSO4 produced adequate analgesia of signifi-
cantly longer duration of the perineal area than that of 
lidocaine-distilled water [7].
Neostigmine

Neostigmine is a cholinesterase inhibitor that 
inhibits the breakdown of endogenous acetylcho-
line and thus indirectly stimulates both muscarinic 
and nicotinic receptors [23]. Although it has been 
used in human surgery as an adjunct to post-opera-
tive pain medications, there are only a few studies 
that described its use for epidural analgesia in large 
animals [24]. It has been shown that neostigmine 
prolongs the duration of epidural analgesia in dogs 
and cattle compared with lidocaine alone [8,25]. In 
horses, neostigmine along with lidocaine improved 
and extended the duration of analgesia in the perineal 
region [26].
Conclusion

This review article collected relevant infor-
mation regarding most recent drugs, drug combina-
tions, and techniques used in clinical trials for epi-
dural injections in cattle, camel, and buffalo. Clinical 
applications, drug dosages, and side effects were 
discussed.
Competing Interests

The author declare that they have no competing 
interests.
References
1.   Skarda, R.T. and Tranquilli, W.J. (2007) Lumb and Jones 

Veterinary Anesthesia and Analgesia. Blackwell Publishing, 
Ames, Iowa, USA.

2. Lee, I., Yoshiuchi, T., Yamagishi, N., Oboshi, K., Ayukawa, Y., 
Sasaki, N.N. and Yamada, H. (2003) Analgesic effect of cau-
dal epidural ketamine in cattle. J. Vet. Sci., 4: 261-264.

3. Hall, L.W., Clarke, K.W. and Trim, C.M. (2001) Veterinary 
Anesthesia. Saunders, Elsevier, London.

4. Pereira, F.L.G., Greene, S.A., McEwen, M.M. and 
Keegan, R. (2006) Analgesia and anesthesia in camelids. 
Small Rumin. Res., 61: 227-233.

5. Carterall, W.A. (2001) Molecular mechanisms of gating 
and drug block of sodium channels. Sodium Channels 
and Neuronal Hyperexcitability. Novartis Foundation 
Symposium. Vol. 241. p206-225.

6. Saifzadeh, S., Pourjafar, M., Naghadeh, B.D. and Jalali, F.S. 
(2007) Caudal extradural analgesia with lidocaine, xylazine, 
and a combination of lidocaine and xylazine in the Iranian 
river buffalo (Bubalus bubalis). Bull. Vet. Inst. Pulawy, 

51: 285-288.
7. Dehghani, S.N. and Bigham, A.S. (2009) Comparison of 

caudal epidural anesthesia by use of lidocaine versus a lido-
caine-magnesium sulfate combination in cattle. Am. J. Vet. 
Res., 70: 194-197.

8. Bigham, A.S., Habibian, S., Ghasemian, F. and Layeghi, S. 
(2010) Caudal epidural of lidocaine, tramadol, and lido-
caine-tramadol for epidural anesthesia in cattle. J. Vet. 
Pharmacol. Ther., 33: 439-443.

9. Azari, O., Molaei, M.M. and Ehsani, A.H. (2014) Caudal 
epidural analgesia using lidocaine alone or in combination 
with ketamine in dromedary camels Camelus dromedarius. 
J. S. Afr. Vet. Assoc., 85: 1002.

10. Azari, O., Molaei, M.M. and Roshani, H. (2014) Caudal 
epidural analgesia using lidocaine alone and in combination 
with tramadol in dromedary camels. Indian J. Vet. Surg., 
9: 27-32.

11. Atiba, A., Ghazy, A., Gomaa, N., Kamal, T. and Shukry, M. 
(2015) Evaluation of analgesic effect of caudal epidural tra-
madol, tramadol-lidocaine, and lidocaine in water buffalo 
calves (Bubalus bubalis). Vet. Med. Int., 2015: Article ID: 
575101, 6.

12. Meyer, H., Starke, A., Kehler, W. and Rehage, J. (2007) 
High caudal epidural anaesthesia with local anaesthetics or 
alpha(2)-agonists in calves. J. Vet. Med. A Physiol. Pathol. 
Clin. Med., 54: 384-389.

13. Moulvi, B.A., Parrah, J.D., Kalim, M.O., Athar, H., 
Singh, M. and Baba, M.A. (2011) Comparative efficacy of 
lignocaine alone and in combination with Ketamine as epi-
dural anaesthesia in cow calves. Vet. World, 4: 364-367.

14. DeRossi, R., Sampaio, B.F., Varela, J.V. and Juqueira, A.L. 
(2004) Perineal analgesia and haemodynamic effects of 
epidural administration of meperidine or hyperbaric bupi-
vacaine in conscious horses. Can. Vet. J., 45: 42-47.

15. Singh, V., Kinjavdekar, P. and Aithal, H.P. (2009) Effect of 
bupivacaine on epidural analgesia produced by xylazine or 
medetomidine in buffaloes (Bubalus bubalis). Vet. Anaesth. 
Analg., 36: 77-85.

16. Araújo, M.A., Albuquerque, V.B., Deschk, M., Santos, G.G., 
Rodrigues, C.A., Oliva, V.N. and Santos, P.S. (2012) 
Cardiopulmonary and analgesic effects of caudal epidurally 
administered ropivacaine in cattle. Vet. Anaesth. Analg., 
39: 409-413.

17. Singh, P., Pratap, A.K., Kinjavdekar, P., Aithal, H.P., 
Singh, G.R. and Pathak, R. (2006) Xylazine, ketamine and 
their combination for lumbar epidural analgesia in water 
buffalo calves (Bubalus bubalis). J. Vet. Med. A Physiol. 
Pathol. Clin. Med., 53: 423-431.

18. Shekidef, M.H. and Saleh, S.Y. (2011) Effect of epidural 
administration of ketamine/xylazine and ketamine/medeto-
midine combination in dromedary camels. J. Camel Pract. 
Res., 18: 319-329.

19. Pagliosa, R.C., DeRossi, R., Costa, D.S. and Faria, F.J.C. 
(2015) Efficacy of caudal epidural injection of lidocaine, 
xylazine and xylazine plus hyaluronidase in reducing dis-
comfort produced by electroejaculation in bulls. J. Vet. 
Med. Sci., 77: 1339-1345.

20. Marzok, M.A. and El-Khodery, S.A. (2016) Dose-dependent 
antinociceptive and sedative effects of epidural romifidine 
in cattle. Vet. Rec., 178: 140.

21. DeRossi, R., Ruzzon, R.H., Verde-Selva, A.B. and 
Bertoni, R.A. (2010) Evaluation of segmental dorsolum-
bar epidural analgesia with ketamine hydrochloride 
administered by use of nonstyletted multiple-port cath-
eters via the caudal approach in cattle. Am. J. Vet. Res., 
71: 17-23.

22. Sirvinskas, E. and Laurinaitis, R. (2002) Use of magnesium 
sulfate in anesthesiology. Medicine, 38: 147-150.

23. Ghazy, A., Atiba, A., Shukry, M. and Kamal, T. (2015) 
Comparison of lidocaine and lidocaine-neostigmine for epi-
dural analgesia in water buffalo calves (Bubalus bubalis). 
Alex. J. Vet. Sci., 46: 177-181.



Veterinary World, EISSN: 2231-0916 1455

Available at www.veterinaryworld.org/Vol.9/December-2016/19.pdf

24. Alkan, M. and Kaya, K. (2014) Postoperative analgesic 
effect of epidural neostigmine following caesarean section. 
Hippokratia, 18: 44-49.

25. Marucio, R.L., Monteiro, E.R., Moroz, L.R. and 
Fantoni, D.T. (2014) Postoperative analgesic effects of epi-
dural administration of neostigmine alone or in combination 

with morphine in dogs undergoing orthopedic surgery of the 
pelvic limbs. Am. J. Vet. Res., 75: 956-963.

26. DeRossi, R., Módolo, T.J.C., Maciel, F.B. and Pagliosa, R.C. 
(2013) Efficacy of epidural lidocaine combined with tra-
madol or neostigmine on perineal analgesia in the horse. 
Equine Vet. J., 45: 497-502.

********



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


