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Objective- This practice performed to compare the quality of analgesia, hematological
parameters, and prevalence of cardiac dysrhythmias following epidural administration of
lidocaine, lidocaine-meloxicam, and lidocaine-metamizole sodium in cows.
Animals- Fifteen adult Holstein cows aged 3-5 years were assigned into three equal groups.
Design- Each cow received the lidocaine (0.22 mg/kg), lidocaine-meloxicam (0.11 mg/kg–0.25
mg/kg) or lidocaine-metamizole sodium (0.11 mg/kg-4 mg/kg) randomly via epidural injection
into the first intercoccygeal space.
Procedures- Analgesia onset and duration were recorded. Heart rate, respiratory rate, rectal
temperature, and ruminal motility were also recorded at 0, 5, 15, 30, 45, 60, 90, and 120
minutes, and electrocardiograms were also recorded at 0, 60, and 120 minutes. Blood samples
were collected through the caudal vein at 0, 30, 60, 90, and 120 minutes. Detection of
arrhythmias was done by checking 60 seconds of each electrocardiogram.
Results- analgesia onset in lidocaine-metamizole treatment was significantly longer than that
of the other groups (p < 0.05). Also, the duration of analgesia was significantly longer in
lidocaine treatment compared to other experimental groups (p < 0.05). There were no
significant differences among heart rate, respiratory rate, rectal temperature, and ruminal
motility between experimental groups (p  0.05). Hematological parameters changes were not
significantly different and all of the detected cardiac arrhythmias were physiologic among
treatments (p > 0.05).
Conclusions and Clinical Relevance- Aforementioned dosages could be used in cows without
any clinical, cardiac, and hematological side effects. Lidocaine analgesia was reliable;
however, the authors were not sure about adequate analgesia resulted after injection the halfdose of meloxicam and Metamizole in combination with lidocaine therefore, further studies
should be done.
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1. Introduction
General anesthesia in ruminants (cattle, sheep, goats, and
camels) is not considered as a method of choice due to the
dangers and risks of aspiration ruminal contents or
saliva.1,2 Different techniques of anesthesia (local, regional,
or epidural) may be used in many situations with fewer
risks and are more effective than general anesthesia. Most
of the surgical operations can be performed with safety and
minimum pain in ruminants using a combination of
physical restraint, sedation, and aforementioned methods.
These kinds of analgesia also provide advantages over
general anesthesia, including lower risk of toxicity,
recumbency complications (bloat, regurgitation), and the
requirement of a complex equipment.3
Caudal epidural analgesia is the most common anesthetic
technique in small and large ruminants to allow parturition
and surgery in tail, anus, rectum, bladder, urethra, and
perineal region.1,4 It is also utilized for controlling rectum
tenesmus,5 the performance of simple embryotomies, and
inhibition of straining to facilitate manipulative correction
of fetus malpositions and reduction of the prolapsed
uterus.6 Lower used volume of anesthetic agents besides
the ability to do standing surgeries are the most important
advantages of caudal epidural anesthesia in cattle.7
However, by blocking motor and sensory nerves it may
result in severe ataxia and recumbency, which is a
disadvantage in standing surgeries.6
Lidocaine is one of the frequent local anesthetic drugs used
in epidural anesthesia, however, it has a comparatively
short duration and may require several administrations. 8
Furthermore, It is one of the class 1b antiarrhythmic agents
that can be effective in suppressing ventricular arrhythmias
like other class1 drugs.9 Meloxicam as a non-steroidal antiinflammatory drug (NSAID) can modulate pain and

such as respiratory depression and vomiting, which are
frequently associated with opioid utilization. One of the
main advantages of the epidurally administered NSAID is
the discreet action in the gastric, renal, and hepatic systems
in addition to platelet aggregation and fewer obvious side
effects.11 Metamizole sodium (or dipyrone) is a popular
analgesic, non-opioid drug, commonly used in human and
veterinary medicine. In some cases, metamizole is still
wrongly classified as an NSAID drug. The mechanism
involved in its analgesic effect is complex and most
probably comes from both action of COX-3 and the impact
on opioidergic and cannabinoid systems.12 Despite the
widespread administration of metamizole in veterinary
practice as an analgesic and antinociceptive medication, no
study regarding epidural usage of metamizole in animals
was published. Hematologic disorders have long been a
potential risk of modern pharmacotherapy. The most
common drug-induced hematologic disorders include
agranulocytosis,

thrombocytopenia,

and

methemoglobinemia which sometimes associated with
consistent use of lidocaine, other local anesthetics or
metamizole sodium and NSAIDs.12-15
This study was done to evaluate the effectiveness of the
administration of meloxicam or metamizole sodium in
combination with lidocaine in order to compare analgesic,
hematologic parameters to lidocaine when administrated
alone in caudal epidural space of cattle. The hypothesis
was that the addition of meloxicam or metamizole sodium
could reduce the onset and prolong the duration of
analgesia, and there should be a decrease in the number of
cardiac arrhythmias in these combination groups (which is
the result of adding an arrhythmic drug like lidocaine)
without the hematologic and clinical side effects.

2. Materials and Methods

present analgesia via central and peripheral actions through
selective inhibition of cyclooxygenase (COX-2). Epidural

Animals

administration of meloxicam has been studied, and its
effectiveness has been shown.10 NSAIDs are used

Fifteen adult non-pregnant Holstein cows were randomly

alternatively to opioids since they have less adverse effects

selected from the research farm of the Faculty of
124
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Agriculture, Lorestan University. Before any procedure

measuring routine hematology parameters [red blood cells

cows underwent examinations, and the health status of the

(RBC), hemoglobin (Hb), hematocrit (HCT) and white

animals was approved by recording heart rate (HR),

blood cells (WBC)] by automated hematology analyzer

respiratory rate (R), rectal temperature (RT), and physical

(Celltac Alpha VET MEK-6450, Japan).

conditions. The last food meal was withdrawn before each

The first intercoccygeal space was identified by finger

experiment. This study was confirmed by the animal ethics

palpation of vertebral articulations in tail by raising and

committee of Lorestan University (LU.ACRA.2018.11).

lowering. The hair of the area was clipped by an automatic
machine clipper and scrubbed aseptically using povidone-

Medications

iodine (10% Betadine, Nasr Co, Iran) and area of
coccygeal vein swiped with antiseptic gauze to remove the

All fifteen cows were randomly divided into 3 groups of 5
animals. Group LID received 0.22 mg/kg (5.5 ml/500 kg)
lidocaine HCl 2% without epinephrine (Vetacaine 20
mg/ml, Aburaihan Pharmaceutical Co., Iran), Group LIDMLX received 0.11 mg/kg (2.75 mL/500 kg) lidocaine 2%
and 0.25 mg/kg (6.25 ml/500 kg) meloxicam (Meloxivet
20 mg/ml, Razak Laboratories Co., Iran), and group LIDMTZ received 0.11 mg/kg lidocaine 2% and 4 mg/kg (6.5
ml/500 kg) metamizole sodium (Analgine 300 mg/ml,
Hanvet Pharmaceutical and Veterinary Material J.S.C.,
Vietnam). The initial volume of each treatment was
calculated based on the dosage mentioned above, and the
final volume was reached to 10 ml 7 in all treatments using
sterile injectable 0.9% normal saline solution.

Experimental Design

superficial dirt. Proper needle (18-gauge, 3.8 cm)
placement was determined by loss of resistance and ease of
injection of a small volume (2-3 ml) of air.16 The bevel of
the needle was pointed in a cranial direction with
approximately 45° to the skin surface centered on the
dorsal midline and drugs were slowly injected within 20
seconds.
Time to onset, time to tail paralysis, the duration of
anesthesia, and the score of ataxia were recorded. Time
from the injection to loss of sensation in the perineal region
was considered as the time of onset of anesthesia. Tail
paralysis after epidural injection was identified by
flaccidity and inability of tail movement. The time between
onset and reappearance of pain response in the perineal
region was considered as the duration of anesthesia. Lack
of response to pressure from the hemostat clamp (closed to

The animals were restrained in standing position in the

the first ratchet) applied in the perineal area was defined as

stanchion 15-20 minutes before the study. The HR was

an anesthetized area. The response was measured each

measured with a stethoscope, R by observation of chest

minute until no reaction occurred, and then at 5 minutes

movements in a 60 sec period, RT by a mercury

intervals until getting a response (movement associated

thermometer, and rumen motility (RM) with stethoscope

with hemostat pressure)4 by the observer that was not

on left flank over 2 minutes. HR, R, and RT were recorded

aware of the given drugs. All epidural injections were

for each animal in checklists for each medication group at

performed by one person who was blind to treatments.

0, 5, 15, 30, 45, 60, 90, and 120 minutes after injection of

Electrocardiographs were collected and kept in a dry

the medication. Electrocardiogram (ECG) was recorded in

Ziploc plastic for further reading of heart electrical activity

0 (baseline), 60, and 120 minutes (Kenz Cardico 302,

and detection of arrhythmias. Observation of each digitally

Suzuken, Japan). Blood samples (EDTA/k2 test tube,

scanned ECG for detection of arrhythmias was done by

Tajhiz Gostar, Isfahan, Iran) were collected from the

checking 60 seconds of each electrocardiogram. Scores of

coccygeal vein at 0, 30, 60, 90, and 120 minutes for

ataxia were observed and determined by walking the cow
125
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out of the stanchion in the 60 and 120 minutes after

The onset of the analgesia in the LID-MTZ group was

injection. The ataxia was graded as mild (slight stumbling,

significantly longer than the two other groups (p < 0.05).

easily able to continue walking), moderate (marked

The duration of the analgesia in the LID group compared

stumbling, walking but very ataxic), or severe (falling).

17

to other groups was significantly higher (p < 0.05; Figure
1a). No severe ataxia observed, except that only three cows

Statistical analysis
Statistical analysis was performed using MedCalc Software

(60%) in the LID group showed moderate ataxia at 60 min,
and in the rest of the animals were mild (Figure 1b).

(version 14.8.1, Ostend, Belgium) and Analyse-it software
for Windows (version 4.80.8, Leeds, UK). The normal
distribution of data was evaluated using the Shapiro-Wilk
test. Normal data distributions were expressed as mean ±
standard deviation (SD) and non-normal data distributions
by median and quartile range. HR, R, RT, and RM were
compared to baseline values using repeated measures
analysis of variance (ANOVA) followed by Duncan’s test
was used to compare treatments. Times to onset and
duration of caudal epidural analgesia were compared
within each treatment using a paired samples t-test. A oneway repeated measure ANOVA followed by Bonferroni’s
test was used to compare the onset and duration of caudal
epidural analgesia between treatments. A value of p < 0.05
was considered significant.

3. Results
Mean ± SD with 95% confidence interval of age, body
weight, and body condition score (BCS) of animals were
3.67 ± 0.82 (95% CI: 3.37-4.3) year, 430 ± 27.45 (414.8445.2) kg, and 3.31 ± 0.176 (3.22-3.4), respectively. There
were no significant differences in age, body weight, and
BCS between groups (p > 0.05). The pH of each
medication was measured (lidocaine = 6.10, meloxicam =

Figure 1. (a), Anesthetic indices, and (b), Ataxia scoring in cattle
treated with epidural administration of lidocaine (LID; 0.22
mg/kg), lidocaine (0.11 mg/kg) plus meloxicam (MLX; 0.25
mg/kg) and lidocaine (0.11 mg/kg) plus metamizole sodium
(MTZ; 4 mg/kg) for caudal epidural analgesia (mean ± SD; n =
5). Different symbols show significant difference (p  0.05)
between treatments.

8.70, and metamizole sodium = 5.45 using a pH meter

The difference in HR, R, and RT was not significant in all

(Seven Compact S220, Mettler Toledo, Switzerland)

treatment groups (p > 0.05). However, the time interaction

separately and in combination with lidocaine. Other

of RT was significant (p < 0.05; Table 1) and RT decreased

combinations were centrifuged and watched for any

gradually.

precipitate and turbidity. Caudal epidural anesthesia was

hematological parameters within and between groups (p >

produced in all cows following the administration of three

0.05; Table 2).

treatments without a prominent problem during the

Evaluation of electrocardiograms showed that different

procedures.

types of arrhythmias were present (Figure 2 and Table 3).
126
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The heart rate of animals with and without arrhythmia was

tachycardia was observed only in one animal (7%) which

equal to 72 ± 8 and 79 ± 11, respectively; however, this

was in the LID group. EA were also observed in all cows

difference was not statistically significant (p > 0.05).

and it was an expectable event.

Electrocardiogram results of the LID group showed that
the intensity of changes in sinus rhythm was increased
after lidocaine administration, hence, P-P intervals were
increased

significantly

120

min

after

lidocaine

administration. In general, the paramorphism and the
height of the P (wandering peacemaker) and T waves were
increased steadily within the experiment. In addition, the
S-T segment in the timeline was associated with changes
specially

120

min

after

lidocaine

administration.

Electrocardiogram results of LID-MLX treatment showed
no change in P-P intervals and sinus arrhythmia was not
observed at 60 and 120 min. The results showed that the
electrical alternans (EA) and wandering pacemaker which
was present at 0 min, remained until 120 minutes. The
presence of fewer variations in the position, shape, and
intervals of the waves and components were apparently

Figure 2. Evaluation of different types of heart arrhythmias in
cattle treated with epidural administration of lidocaine (LID; 0.22
mg/kg) (a), lidocaine (0.11 mg/kg) plus meloxicam (MLX; 0.25
mg/kg) (b), and lidocaine (0.11 mg/kg) plus metamizole sodium
(MTZ; 4 mg/kg) (c), at 60 minutes after drug consumption.
Different symbols show electrical alternans (hollow black circle),
wandering pace maker (asterisk), and sinus arrhythmia (arrow) in
studied Holstein cows. (Base apex lead, 25 mm sec-1 of 10 mm =
10 mV)

influenced following metamizole sodium administration.
Eighty percent of animals showed wandering pacemaker
with 27%, 33% and, 20% in the LID, LID-MLX, and LIDMTZ groups, respectively. Sinus arrhythmia was observed
in 27% of animals with 13%, 7%, and 7% in the LID, LIDMLX,

and

LID-MTZ

groups,

respectively.

Sinus

Table 1. Vital sings in cattle treated with epidural administration of lidocaine, lidocaine–meloxicam, and lidocaine–metamizole sodium
(mean ± SD; n = 5).
Variable

HR
(beats/min)

R
(breathes/min)

Group

0 min

5 min

15 min

30 min

45 min

60 min

90 min

120 min

LID

74.8±3.63

75.8±3.19

77.0±9.05

73.6±4.33

70.6±4.67

76.8±7.56

71.4±7.20

72.8±4.38

LID-MLX

74.4±6.07

74.4±4.56

76.8±3.35

74.2±7.29

74.4±5.90

74.4±3.58

74.2±1.79

76.0±6.32

LID-MTZ

74.5±4.43

73.0±5.03

72.0±7.30

76.0±5.66

74.0±6.93

74.0±5.16

74.5±6.40

76.5±7.37

LID

37.4±9.94

32.8±7.19

30.0±7.21

32.8±5.93

33.4±10.11 36.8±14.04

32.6±5.64

35.4±9.85

LID-MLX

43.2±8.67

40.8±9.96

36.0±14.70

39.2±8.20

37.6±5.37

34.8±4.38

34.8±4.38

36.8±5.93

LID-MTZ

43.5±4.72

46.75±2.75 43.5±11.82 43.5±11.12

40.5±6.61

38.5±5.97

38.5±5.00

41.5±9.83

LID
RT
(C)

LID-MLX 38.92±0.22 38.94±0.11 38.72±0.27 38.86±0.26 38.84±0.15 38.86±0.21 39.04±0.23 39.96±0.23
LID-MTZ

 Significant

39.50±0.58 39.28±0.40 39.32±0.53 39.26±0.61 39.18±0.58 39.12±0.38 39.10±0.46 39.06±0.51

39.00±0.22 39.07±0.22 39.15±0.25 39.17±0.24 39.12±0.19 39.50±0.25 39.00±0.14 39.00±0.14

difference of time interaction in p < 0.05.
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Table 2. Blood parameters in cattle treated with epidural administration of lidocaine, lidocaine–meloxicam, and Lidocaine–metamizole
sodium (mean ± SD; n = 5).
Variable
Group
0 min
30 min
60 min
90 min
120 min

RBCs (106/mm3)

Hb (gr/dL)

PCV (%)

WBCs

(103/mm)

LID

5.50±0.62

5.48±0.66

5.32±0.36

5.32±0.45

5.67±0.87

LID-MLX

6.07±0.74

5.65±0.80

5.62±0.63

5.77±0.78

6.09±0.82

LID-MTZ

5.89±1.06

5.72±0.76

5.77±0.76

5.77±0.72

5.65±0.77

LID

6.68±0.16

7.14±0.01

7.16±0.27

6.56±0.32

6.98±0.28

LID-MLX

7.72±2.11

7.26±1.93

8.14±2.85

7.16±1.99

7.92±2.05

LID-MTZ

8.90±1.13

8.68±1.68

8.50±2.01

7.58±3.42

10.06±0.70

LID

8.74±0.73

8.70±80

8.46±0.37

8.44±0.59

8.04±1.15

LID-MLX

8.96±0.65

8.90±0.89

8.46±0.27

8.64±0.50

9.10±1.07

LID-MTZ

9.28±0.90

8.96±0.49

9.06±0.49

8.84±0.46

8.92±0.50

LID

6.68±0.16

7.14±0.01

7.16±0.27

6.56±0.32

6.98±0.28

LID-MLX

7.72±2.11

7.26±1.93

8.14±2.85

7.16±1.99

7.92±2.05

LID-MTZ

8.90±1.13

8.68±1.68

8.50±2.01

7.58±3.42

10.06±0.70

Table 3. The definitive and relative frequency distribution of different types of heart arrhythmias in cattle treated with epidural
administration of lidocaine, lidocaine– meloxicam, and lidocaine–metamizole sodium (n = 5)
Group

Wandering pacemaker

Sinus arrhythmias

Sinus tachycardia

Electrical alternans

Total

8 (33.33%)
6 (33%)
4 (31%)

6 (25%)
3 (18%)
3 (23%)

2 (7.69%)
1 (5%)
-

8 (33.33%)
8 (44%)
6 (46%)

26 (24%)
18 (18%)
13 (13%)

6 (35%)
4 (40%
5 (50%)

2 (12%)
-

1 (6%)
-

8 (47%)
6 (60%)
5 (50%

17 (17%)
10 (10%)
10 (10%)

6 (50%)
8 (61%)
8 (57%)

1 (8%)
2 (14%)

-

6 (50%)
4 (31%)
4 (29%)

12 (12%)
13 (13%)
14 (14%)

LID
0 min
60 min
120 min
LID-MLX
0 min
60 min
120 min
LID-MTZ
0 min
60 min
120 min

was slower in tramadol/lidocaine in cattle6 in comparison

4. Discussion

with our current results that may be due to higher lipid
Epidural anesthesia is a simple, inexpensive, and effective

solubility and more tissue affinity of lidocaine in

way to prevent or control pain in the anus, vulva,

comparison

perineum, tail, caudal udders, scrotal region, and upper

soluble.25,26 The rate of administration may affect the onset

pelvic limb surgeries.18 There are several studies on caudal

of analgesia. The present study showed that lidocaine

epidural anesthesia that investigated the lidocaine or other

injection caused intermediate-acting duration analgesia,

local anesthetics alone

5,19,20

and/or in combination with

with

tramadol

which

is

more

water-

which supported the study of lumbosacral injection of

other agents1,2,21,22 in cattle and other ruminants.1,4,23,24

lidocaine 2% mixture that provided sufficient analgesia to

The onset of analgesia in the current study was fast and

permit umbilical surgery in calves.27

results were in agreement with other studies which used

In the present study, the duration of analgesia in lidocaine-

bupivacaine in cow.5,20 However, the onset of analgesia

meloxicam and lidocaine-metamizole was shorter than the
128
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lidocaine group. In contrast, others showed that lidocaine-

observed.38 There were different findings in other studies

xylazine in cattle and lidocaine-meloxicam in dogs

by administering lidocaine and lidocaine-neostigmine in

produced longer duration.10,17,24 It may be attributed to α-2

buffalo calves,39 lidocaine alone or in combination with

adrenergic agonists vasoconstriction and inhibition of local

xylazine in cow calves,40 xylazine, and xylazine-

anesthetic agent-induced vasodilation and subsequently

detomidine in horses,41 and xylazine and lidocaine in

reduction in vascular uptake of the anesthetic agents.28,29

dogs42 in which hematological parameters were decreased.

The bovine spinal cord ends in the lumbosacral region and

This decline could be due to the shifting of fluids from the

drugs administered in the caudal epidural space are

extravascular

cranially diffused to connect with cord receptors. The

compartment to compensate normal cardiac output and

decreased concentration of drugs in combinations, normal

pooling of blood cells in the reservoir organs like spleen

saline solution, and the lack of vasoconstriction effect may

secondary to decrease sympathetic activity.

explain the shorter duration of analgesia in the present

Although cardiac arrhythmias due to the number of

study. The reason for the duration difference between dog

animals per treatment were not obvious it seems that all

and cattle is unknown, however, anatomical and species

the arrhythmias in the present study were physiologic and

differences may explain the phenomenon.30

there were no pathological changes. Lidocaine has

Moreover, meloxicam has 99.4% and two active

little effect on atrial arrhythmias, as might be predicted

metabolites of metamizole (4-methyl-amino-antipyrine and

from lack of effect on atrial tissues in normal animals. The

4-aminoantypyrine), have 57.6% and 47.9% of plasma

drug can, but not always, cause slight slowing of atrial rate

protein binding (PPB) that may cause less distribution of

in atrial flutter. Lidocaine causes no change or decrease in

the drugs and besides short half-life of the drug may result

A-V conduction time and A-V refractoriness which proves

in shorter analgesia in two combinations.

31

compartment

to

the

intravascular

the results of the present study. The stress-induced changes

Mild and moderate ataxia was observed in the present

after drug injection, manipulation, vagal stimulations, and

1

electrolyte imbalances during the study period may partly

cattle, and donkey after injection of lidocaine, probably

justify some changes in heart rhythm at different times.

could be related to sensory and motor fibers blockade.33

The findings of the present study revealed that mixed drug

Cardiopulmonary changes were not significant among

regimens such as lidocaine with meloxicam or metamizole

treatments and it was in agreement with the results of

sodium not only did not have a negative and pathological

others on cattle, horse, donkey, buffalo calves, and

change in cardiac function but also prevented the

dog.7,10,32,34-36 The rectal temperature remained consistent

occurrence of sinus arrhythmia and severe changes in S-T

among groups. Similar investigations reported the same

segment, P-P intervals. It could be concluded that the

results in lamb, buck, and cow.1,4,7

administration of these combinations could have better

Decrease and increase in hematological parameters were

effects on cardiovascular function than the administration

recorded, however, it was not significant among groups

of lidocaine only.43-45

and within the study period. This result was similar to

In conclusion, lidocaine alone provided an adequate

studies on male mice37 and Albino rats, and that because

duration of analgesia which probably enough for most of

the permitted therapeutic dose of meloxicam was used in

the reproductive procedures, however, the authors were

the present study. Those studies showed that the effect of

not sure about adequate analgesia resulted after injection

meloxicam was dose-dependent and when administrated

the

with a high dose significant decrease in blood indices was

combination with lidocaine, therefore, further studies

study. Similar findings reported by others on bucks,
2

32
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half-dose

of

meloxicam

and

Metamizole

in
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should be done. On the other hand, they were safe with no
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effects of tramadol hydrochloride administered via
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for caudal epidural anesthesia in cows. Iranian
Journal of Veterinary Research, 2018; 19(3): 172177.
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hematological or clinical side effects. One of our
limitations was the number of sample size. Another
limitation of the present study was the lack of
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