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Abstract

The objectives of this study were to determine the analgesic and motor effects of a high-volume intercoccygeal epidural injection
of bupivacaine at 2 concentrations in cows. A prospective, randomized, blinded, crossover trial was conducted on 6 adult cows.
An indwelling epidural catheter was placed in the first intercoccygeal space and advanced 10 cm cranially. All the cows received
3 treatments with a washout period of 48 h: saline (control), 0.125% bupivacaine (high dose), or 0.0625% bupivacaine (low dose),
at a final volume of 0.15 mL per kilogram of body weight, infused manually into the epidural space over a period of 15 min. The
anal and tail tone and motor deficits of the pelvic limbs were evaluated in 5 of the cows with use of a numerical rating scale and
a visual analogue scale (VAS). Sensory block was assessed in 4 of the cows by the response to needle pricks in different regions
with the use of a VAS. Measurements were obtained before and at different time points after injection, up to 360 min. Analysis
of variance for repeated measures and post-hoc Tukey’s and Dunnett’s tests were used. Differences were considered significant
when the P-value was = 0.05. One cow became recumbent 6 h after injection. Anal and tail tones were significantly decreased
and motor deficits of the pelvic limbs were significantly increased after bupivacaine treatment compared with control treatment.
The overall mean VASpain scores *+ standard deviation were 66 * 8 after control treatment, 52 = 5 after low-dose bupivacaine
treatment, and 43 * 5 after high-dose bupivacaine treatment. The pain scores were significantly lower in caudal regions up to
the saphenous nerve after high-dose bupivacaine treatment compared with control treatment and significantly lower in the
anus, vulva, and tail after low-dose bupivacaine treatment compared with control treatment. Thus, analgesia with moderate
motor deficits of the pelvic limbs may be obtained with 0.125% bupivacaine administered epidurally.

Resume

Les objectifs de la présente étude étaient de déterminer chez la vache les effets analgésiques et moteurs d'une injection épidurale inter-
coccygienne d’un volume important de bupivacaine a deux concentrations. Une étude croisée prospective, randomisée, et a I'aveugle a été
réalisée chez 6 vaches adultes. Un cathéter épidural a demeure a été placé dans le premier espace inter-coccygien et avancé cranialement de
10 cm. Toutes les vaches ont recu 3 traitements avec une période d’évacuation de 48 h : saline (témoin), 0,125 % de bupivacaine (dose élevée)
ou 0,0625 % de bupivacaine (faible dose), @ un volume final de 0,15 mL par kilo de poids corporel, infusé manuellement dans I'espace épidural
sur une période de 15 min. Le tonus anal et de la queue ainsi que les déficits moteurs des membres pelviens ont été évalués chez 5 des vaches
au moyen d'une échelle numérique de pointage et une échelle analogue visuelle (VAS). Le bloc sensitif a été évalué chez 4 des vaches par la
réponse a des pigiires d'aiguille dans différentes régions avec I'utilisation d'une VAS. Les mesures ont été obtenues avant et a différents temps
apreés 'injection, jusqu’a 360 min. Une analyse de variance pour mesures répétées et les tests post-hoc de Tukey et de Dunnett ont été utilisés.
Les différences étaient considérées significatives lorsque la valeur de P était = 0,05. Une vache est demeurée couchée 6 h apres I'injection.
Le tonus anal et de la queue était réduit de maniere significative et les déficits moteurs des membres pelviens étaient significativement
augmentés apreés le traitement a la bupivacaine comparativement au traitement témoin avec la saline. Dans I'ensemble les scores moyens
* 'écart-type de VASdouleur étaient 66 + 8 apres le traitement témoin, 52 = 5 apres le traitement 4 faible dose de bupivacaine, et 43 + 5
apres le traitement avec la dose élevée de bupivacaine. Les scores de douleur étaient significativement plus faibles dans les régions caudales
jusqu’au nerf saphene aprés le traitement avec les doses élevées de bupivacaine comparativement au traitement témoin et significativement
plus faibles au niveau de I'anus, la vulve et la queue apreés le traitement avec les faibles doses de bupivacaine comparativement au traitement
témoin. Ainsi, une analgésie avec des déficits moteurs modérés des membres pelviens peut étre obtenue avec de la bupivacaine a 0,125 %
administrée par voie épidurale.
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Introduction

Epidural administration of local anesthetics in the first intercoc-
cygeal space is frequently used to provide anesthesia and analgesia
for caudal surgical and obstetric procedures in large animals. The
short-acting local anesthetic lidocaine is typically used for this
purpose (1,2). However, local anesthetics administered epidurally
can affect motor nerve function in addition to sensory nerve fibers,
which can lead to serious complications secondary to ataxia, muscle
weakness, or paralysis of the pelvic limbs. Volume of administration
has been shown to be a major factor influencing cranial distribu-
tion of local anesthetics within the epidural space (3); therefore, the
general recommendation for intercoccygeal epidural administra-
tion of 2% lidocaine in large animals is 1 mL per 100 kg of body
weight (4). Unfortunately, this limits the anesthesia to the most
caudal dermatomes; specifically, the perineum, tail, anus, vulva,
and vagina (4). Administration of higher volumes of lidocaine in
the sacrococcygeal or first intercoccygeal space has been used clini-
cally in calves with minimal untoward cardiovascular effects and
excellent anesthesia up to the level of the umbilicus (5,6). However,
this technique caused paralysis of the pelvic limbs and recum-
bency, and therefore its use is limited to calves, small ruminants,
and pigs.

Other techniques to desensitize the flank of cattle and horses
without affecting the motor function of the pelvic limbs have been
described; these include paravertebral thoracolumbar anesthesia (4,7)
and segmental dorsolumbar epidural anesthesia (8-11). However,
these techniques do not provide analgesia to the pelvic limbs.

Bupivacaine is a longer-lasting local anesthetic with potent
analgesic action. Concurrent intrathecal administration of opi-
oids and bupivacaine decreased the opioid requirements and
the development of opioid tolerance compared with intrathecal
administration of opioids alone (12). When administered epidur-
ally at low concentrations (< 0.125%) in humans, bupivacaine
produces analgesia while minimally affecting motor function
(13-17). Epidural coadministration of methadone, ketamine, and
low-concentration bupivacaine provided good analgesia without
motor deficits in a cow with complex regional pain syndrome
(18). In dogs, the analgesic and motor effects of 3 concentrations
of bupivacaine administered epidurally were compared (19): the
lowest concentration of bupivacaine studied (0.25%) produced less
analgesia but also less motor deficit than the higher concentrations
(0.5% and 0.75%). To our knowledge, no controlled studies have
been conducted on the analgesic and motor effects of epidural
administration of high volumes and low concentrations of bupi-
vacaine in large animals. The possibility of achieving analgesia
without motor function deficits of the pelvic limbs would have
important clinical implications in the analgesic management of
painful conditions associated with the abdomen and/or pelvic
limbs in large animals.

The objectives of this study were to evaluate, in adult cows, the
analgesic and motor effects of 2 low concentrations of bupivacaine
administered epidurally into the first intercoccygeal space at high
volume. The hypothesis was that low concentrations would produce
analgesia of caudal dermatomes as well as of the pelvic limbs and
flanks without interfering with motor function.

Materials and methods

The study was approved by the Animal Care Committee of the
University of Guelph, and the animals were maintained in accor-
dance with the Canadian Council on Animal Care guidelines (20).
The 7 adult nonlactating Holstein Friesian cows were determined
to be healthy by physical examination before entry to the study and
daily physical examination throughout the study period. Cows with
obvious musculoskeletal disease were excluded. No cows were preg-
nant, as determined by rectal ultrasonographic examination before
entry to the study. During the study period the cows were placed
in individual stables, restrained in a head gate, and offered hay and
water ad libitum. During the time between treatments they were kept
in multiple indoor bovine stables and fed only hay.

One of the cows was used in a pilot study, carried out to deter-
mine the volume and concentration of bupivacaine that could be
injected epidurally without causing pronounced dysfunction of the
pelvic limbs. The other 6 cows were used in a prospective, random-
ized, blinded, crossover study. All the cows received 3 treatments,
administered in a random order with a washout period of at least
48 h. The treatments were as follows: sterile isotonic saline (control),
bupivacaine (Marcaine, 0.5%; Hospira, Montreal, Quebec) diluted
in sterile saline to a concentration of 0.0625% (low dose), and
bupivacaine diluted in sterile saline to a concentration of 0.125%
(high dose). All treatments were administered at a dose of 0.15 mL
per kilogram of body weight and infused manually over a period
of 15 min via an indwelling epidural catheter placed into the first
intercoccygeal space.

The epidural catheter (Med-Rx Epidural Anesthesia Kit; Benlan,
Oakville, Ontario) was always placed by the same investigator (ER)
on the first treatment day with sterile technique. The catheter was
inserted into the first intercoccygeal space after the area had been
clipped and aseptically prepared with clorhexidine soap, ethanol,
and clorhexidine solution. A small skin incision was made with a
no. 15 scalpel blade after subcutaneous infiltration of 2 mL of 2%
lidocaine. A Tuohy needle (17-gauge, 3.5-in, Huber point) was then
inserted through the skin and directed into the epidural space at a
30° angle to the contour of the rump. Correct placement of the tip
of the needle into the epidural space was confirmed by the “hang-
ing drop” technique with the use of sterile saline. The catheter
(19-gauge) was introduced into the epidural space through the
Tuohy needle and advanced cranially for 10 cm, up to approximately
the level of the 4th sacral vertebra. Correct catheter placement was
assumed if there was no resistance to insertion. The catheter was
cut to a length of approximately 20 cm and a filter (0.22 pm) placed
at the end of the catheter and sutured to the skin. The catheter was
fixed with cyanoacrylate glue and the entry site covered with gauze
impregnated with povidone iodine solution and a drape (Opsite;
Smith and Nephew Medical Limited, Hull, England). The catheter
was left in place for the duration of the study and was flushed
every 8 h with 3 mL of sterile heparinized saline (50 IU/mL). It was
removed after the 3 treatments had been completed (minimum 7 d,
maximum 10 d) and visually inspected for any signs of kinking or
contamination.

Cardiorespiratory variables, motor tone, and analgesia were evalu-
ated and recorded at the following time points: before the epidural
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Figure 1. Regions used for needle-prick stimulation in 4 cows to evaluate
analgesia in response to an intercoccygeal epidural injection of saline
or bupivacaine [0.0625% (low dose) or 0.125% (high dose)] (0.15 mL/kg
in all treatments). Modified from Budras and Habel (21). 1 — anus;
2 — vulva; 3 — perineum; 4 — udder caudal; 5 — tail; 6 — pudendal
nerve; 7 — tibial nerve; 8 — common peroneal nerve; 9 — saphenous
nerve; 10 — lateral cutaneous femoral nerve; 11 — middle clunial nerve;
12 — cranial clunial nerve; 13 — udder middle; 14 — udder cranial;
15 — second lumbar vertebral nerve; 16 — first lumbar vertebral nerve.

injection (time —5 min; baseline), upon completion of the injection
(time 0 min), and 15, 30, 45, 60, 90, 120, 180, 240, 300, and 360 min
after completion of the injection.

Cardiorespiratory variables recorded included heart rate (deter-
mined by direct auscultation of the heart for 1 min), respiratory rate
(determined by counting chest movements for 1 min), and arterial
blood pressure (AP; measured noninvasively by oscillometric tech-
nique). The oscillometric monitor (Cardell Veterinary Monitor 9402
BP/SpO,; Sharn Veterinary, Tampa, Florida, USA) was connected to a
large-animal cuff (model SV10; Sharn Veterinary), which was placed
around the base of the tail. Three consecutive readings of the oscil-
lometric systolic (SAP), diastolic (DAP), and mean (MAP) arterial
blood pressures were collected at each time point, and the average
value was calculated and used for statistical analysis.

Tail and anal tone as well as motor deficits of the pelvic limbs were
scored by a blinded evaluator (LMR) on a numerical rating scale
(NRS; Appendix). To evaluate for motor deficits of the pelvic limbs,
the investigator pushed the cow on the hindquarters and pulled
the tail sideways while the cow remained restrained in a head gate,
and this was recorded on video. Additionally, the degree of motor
deficit of the pelvic limbs was scored from the video recordings by
a blinded investigator (ER) using a visual analogue scale (VAS) for
motor tone (VASmotor), which consisted of a 100-mm-long line with
no marks, where 0 mm meant absence of ataxia and 100 mm meant
extreme ataxia, with the animal falling down.

The degree of analgesia was determined by assessing the animal’s
response to the application of standard noxious stimuli to skin and
muscle, which consisted of pricks with a 25-gauge, 1-in hypodermic
needle and a 22-gauge, 1.5-in needle, respectively, applied sequen-
tially at different regions innervated by specific nerves, as shown in
Figure 1 (21). The pricks were done bilaterally from caudal to cranial,
always by the same blinded investigator (LMR), and were recorded
on video for later evaluation by a different blinded investigator (ER).

Table I. Cardiorespiratory values for 5 cows before and at
different time points (overall value) after an intercoccygeal
epidural injection of saline (control), 0.0625% bupivacaine
(low dose) or 0.125% bupivacaine (high dose), final volume
0.15 mL/kg in all treatments

Mean = standard deviation (SD);
treatment group

5 min before  Average in the 6 h after injection
Parameter injection Control Low dose  High dose
HR (beats/min) 57+ 8 55+ 7 54 + 7 55 + 7
RR (breaths/min) 31 =9 32+8 33+10 35=*12
SAP (mmHg) 119 = 12 122 + 10 126 + 13 127 + 12
DAP (mmHg) 56 = 11 58 10 63 %8 58 = 13
MAP (mmHg) 77+ 11 78+ 11 83=x9 80 + 13

HR — heart rate; RR — respiratory rate; SAP — systolic arterial blood
pressure; DAP — diastolic arterial blood pressure; MAP — mean arte-
rial blood pressure.

Muscle pricks were done only if the animal did not respond to the
skin pricks in that region or if the animal’s response was question-
able (i.e., slight movement or movement possibly related to another
cause). A VAS for avoidance behavior in response to the needle
pricks (VASpain) was used: 0 mm meant no response and 100 mm
meant an aggressive response (i.e., kicking at the investigator doing
the pricks). Needle pricks were done up to at least 60 min after
epidural injection in all cows. When a region was clearly positive
to the pricks (i.e., the animal showed a clear avoidance response) at
all time points up to 60 min after epidural injection or at any time
point after 60 min, no more pricks were done in that region, and
the last VASpain value obtained was recorded for the subsequent
time points. The maximum VASpain value obtained in each region
at each time point with either skin or muscle pricks was used for
statistical analysis.

For statistical analysis commercial software (SAS, version 9.1.3;
SAS Institute, Cary, North Carolina, USA) was used, and the follow-
ing were done: a Shapiro-Wilk test to assess normal distribution of
the data; log transformation when appropriate; a logit transforma-
tion applied to the VAS scores; analysis of variance, general linear
model for repeated measures, accounting for random effects (cow
and period) and fixed effects (treatment, time, and treatment-time
interaction); and post-hoc analysis with Tukey’s and Dunnett’s tests.
A P-value = 0.05 was considered significant.

The mean weight of the cows was 658 * 81 [standard devi-
ation (SD)] kg. The total volume of epidural treatments was
102.8 = 7.5 mL. One cow did not respond to any of the treatments.
This treatment failure was possibly due to misplacement of the
epidural catheter. Data for this cow were therefore not used for
statistical analysis. Another cow was used only for motor and car-
diorespiratory evaluation owing to behavioral limitations. Therefore,
5 cows were used for motor and cardiorespiratory evaluation and
4 cows for evaluation of analgesia.
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Table Il. Scores for anal and tail motor tone and motor
deficits of the pelvic limbs for the 5 cows at different time
points (overall value) after the injections

Median score (and range) or

Scoring scale; mean *+ SD; treatment group

parameter Control Low dose High dose
NRS: anal tone 1(1-1) 2 (1-4)2 2 (1-4)2
NRS: tail tone 1(1-2) 2 (1-4)2 3 (1-4)2P
NRS: motor deficits

of pelvic limbs 1(1-2) 1(1-3) 2 (1-3)ab
VASmotor 0.4+1.9 113+ 1557 37.2 = 24.43b

@ Significantly different from the value for the control treatment
(P < 0.001).

® Significantly different from the value for the low-dose treatment
(P < 0.001).

NRS — numerical rating scale (see Appendix); VASmotor — visual
analogue scale for motor tone.

The cardiorespiratory parameters were not significantly different
among treatments or within a treatment over time relative to the
baseline values and remained within normal limits (Table I).

All the cows remained standing during the 6-h study period. One
cow became recumbent immediately after being released from the
head gate 6 h after epidural injection of the high dose of bupivacaine.
The cow remained recumbent for a few minutes and then stood up
unassisted without problems.

The NRS scores for anal and tail tone and for motor deficits of the
pelvic limbs are summarized in Table II. The effects of treatment, time,
and treatment-time interaction were significant for anal and tail tone
(P < 0.001). Compared with baseline the anal scores were significantly
increased from 0 to 240 min after high-dose bupivacaine treatment
and from 0 to 180 min after low-dose treatment, and compared with
the control treatment the anal scores were significantly increased from
0 to 300 min after high-dose bupivacaine treatment and from 0 to
180 min after low-dose treatment. Compared with both baseline and
control treatment the tail scores were significantly increased from 0 to
360 min after high-dose bupivacaine treatment and from 0 to 300 min
after low-dose treatment. There was also a significant effect of treat-
ment (P < 0.001), time (P < 0.001), and treatment-time interaction
(P =0.008) for the NRS scores for motor deficits of the pelvic limbs:
the scores were significantly increased from baseline and compared
with control treatment from 0 to 360 min after high-dose bupivacaine
treatment and at 15 and 45 minutes after low-dose treatment.

The VASmotor scores are summarized in Table II and Figure 2.
The effects of treatment, time, and treatment-time interaction were
significant (P < 0.001). The motor deficits of the pelvic limbs were
evident immediately after epidural injection of low-dose and high-
dose bupivacaine and lasted for 3 and up to 6 h, respectively.

The overall VASpain scores in response to needle pricks were
higher for each region on the left side than on the right side, but
no statistical comparisons were made between sides. The overall
mean scores (+ SD) for all regions together over time, excluding
baseline, were 66 * 8,52 * 5, and 43 * 5 for the control, low-dose
bupivacaine, and high-dose bupivacaine treatments, respectively.
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Figure 2. Mean scores *+ standard deviation for motor deficits of the
pelvic limbs in 5 cows, determined from video recordings on a visual
analogue scale for motor tone 5 min before and at different time points
after the control, low-dose, or high-dose injection.

* Significantly different from the pretreatment value. 1 Significantly different from
the control value at the same time point. } Significantly different from the high-
dose value at the same time point.

The regions that showed a significant treatment effect were tail
(P =0.007), anus (P < 0.001), vulva (P < 0.001), perineum (P < 0.001),
udder caudal (P < 0.001), pudendal nerve (P = 0.026), tibial nerve
(P < 0.001), common peroneal nerve (P < 0.001), saphenous nerve
(P = 0.008), and udder middle (P < 0.001) on the left side and tail
(P < 0.001), anus (P < 0.001), perineum (P < 0.001), and tibial
nerve (P = 0.002) on the right side. The differences in scores are
summarized in Table III. The regions that showed a significant
treatment-time interaction were anus (P = 0.035), vulva (P = 0.047),
perineum (P = 0.002), udder caudal (P = 0.047), and middle clunial
nerve (P = 0.015) on the left side and anus (P = 0.035) and middle
clunial nerve (P < 0.001) on the right side.

With high-dose bupivacaine treatment the onset and duration
of analgesia were variable among regions: between 0 and 30 min
for onset and between 300 and 360 min for duration. The VASpain
scores were significantly decreased below baseline from 0 to 300 min
in the anus and vulva, at 30 min in the region of the middle clunial
nerve, and from 30 to 360 min in the perineum and udder caudal
on the left side, as well as from 0 to 300 min in the anus and from
0 to 90 min in the region of the middle clunial nerve on the right side.
The scores were significantly lower than with the control treatment
from 30 to 360 min in the anus and perineum, from 15 to 360 min in
the vulva, at 30 min in the region of the middle clunial nerve, and
from 60 to 360 min in the udder caudal on the left side, as well as
from 30 to 360 min in the anus and at 60 min in the region of the
middle clunial nerve on the right side.

At the time of removal, no catheters had signs of kinking or
contamination.

This study showed that administration of 0.15 mL/kg of 0.125%
bupivacaine 10 cm cranial to the first intercoccygeal space of adult
cows produced complete or partial sensory block in caudal regions
up to the level of the cutaneous area innervated by the saphenous
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Table lll. Scores for avoidance behavior in response to needle
pricks in 4 cows at different time points (overall value) after
the injections; only regions that showed a significant
treatment effect (P < 0.05) for analgesia are included

Mean score * SD;
treatment group

Region; side Control Low dose  High dose
Anus

Left 66 +18 31 *+23 11 * 208k

Right 51 +10 14 +19° 7 + 162P
Vulva, left 66 =21 35+ 262 9 + 153b
Perineum

Left 71+15 5421 29 * 28

Right 65 +22 31*+26 11+ 208k
Udder caudal, left 56 + 37 43 +32 28 + 34ab
Tail

Left 79 +12 35 +26% 16 * 242

Right 726 39 £ 258 19 + 273P
Pudendal nerve, left 81 8 57 +21 47 = 322
Tibial nerve

Left 85+ 11 68 *222 66 =*27°

Right 70 £ 12 66 22 55 * 203b
Common peroneal nerve, left 67 =11 61 =24 46 + 313
Saphenous nerve, left 65 +11 54 +18 47 = 312
Udder middle, left 55 + 14 49 = 252 26 * 213b

a Significantly different from the value for the control treatment
(P < 0.001).
® Significantly different from the value for the low-dose treatment
(P < 0.001).

nerve and caused mild to moderate motor deficits of the tail, anus,
and pelvic limbs, with no untoward cardiorespiratory effects.
However, administration of 0.0625% bupivacaine did not produce
consistent sensory block and caused mild motor deficits of the tail,
anus, and pelvic limbs, with no untoward cardiorespiratory effects.

Lumbosacral administration of high volumes of 2% lidocaine
(0.18 to 0.24 mL/kg BW) in combination with xylazine has been
reported to provide adequate analgesia to permit umbilical surgery
in calves (22). Also in calves, sacrococcygeal epidural administra-
tion of a high volume (0.4 mL/kg) of 2% lidocaine had no clinically
significant cardiovascular effects and provided good conditions for
surgery in the abdomen up to the level of the umbilicus (5,6). In
buffalo calves the use of epidural 0.75% ropivacaine in the lumbo-
sacral space at doses between 0.05 and 0.1 mL/kg BW induced good
analgesia up to the thorax and recumbency (23). In all these studies,
paralysis of the pelvic limbs was obtained by injecting high volumes
of local anesthetics epidurally.

In the present study, consistent analgesia was observed on the left
side up to the level of the saphenous nerve after epidural injection
of 0.125% bupivacaine. Previous studies in humans have also found
consistent analgesia at this concentration of bupivacaine adminis-

tered epidurally, with minimal motor dysfunction (13-17). On the
other hand, consistent analgesia with epidural administration of
0.0625% bupivacaine was not obtained in this study, in accordance
with the study in humans by Brennum et al (16), who observed that
epidural administration of 0.075% bupivacaine induced only a slight
and nonsignificant attenuation in pain ratings of brief argon laser,
mechanical, and electrical stimuli. In human obstetric clinical studies,
analgesia for labor was considered insufficient with 0.0625% bupi-
vacaine administered epidurally; supplemental bupivacaine doses
were necessary (14,15,24). However, other studies in humans have
demonstrated a good analgesic effect of 0.0625% bupivacaine when
administered epidurally in combination with fentanyl or sufentanil
during labor (25-27). The reasons for the discrepancy among studies
using 0.0625% bupivacaine could be multiple, but most likely the
concomitant use of opioids is the reason, as it has been shown that
the epidural use of opioids combined with local anesthetics results in
more intense analgesia than individual administration of the drugs
owing to their synergistic antinociceptive interaction at the level of
the spinal cord (28).

Response to needle pricks was used in the present study to
evaluate analgesia, as it is a common method in research studies
in humans and animals (23,29,30) and is frequently used clinically
to test whether surgery can be done after a local block in standing
large animals. Pinpricks are considered mechanical stimuli of brief
duration that activate fast A8 nociceptors (31), which might not be
the same type of stimulus induced by surgery or painful condi-
tions, such as inflammation. Hypoalgesia for such brief stimuli is
obtained before hypoalgesia for stimuli of greater spatial and tem-
poral dimensions, which may explain the frequent clinical scenario
in which insufficient surgical analgesia is encountered in spite of
good pinprick analgesia (16,29). A poor correlation between lack of
pinprick sensation and absence of postoperative pain in humans has
also been demonstrated (32). In the study by Brennum et al (16) in
humans, epidural administration of 0.075% bupivacaine selectively
induced hypoalgesia for heat but not for mechanical or electrical
stimuli, whereas the 0.125% concentration induced hypoalgesia
for heat and mechanical stimuli but not electrical stimuli, and only
bupivacaine 0.5% induced total anesthesia, with lack of pain in
response to the 3 types of stimuli. It is possible that an analgesic
effect of 0.0625% bupivacaine administered epidurally to animals
could be demonstrated with a different type of stimulus, such as
thermal, or by administering the bupivacaine in combination with
opioids. Alternatively, including a greater number of cows in the
study might have increased the power to reveal an analgesic effect
of 0.0625% bupivacaine administered epidurally.

The scale used to evaluate response to needle pricks (VAS for
avoidance behavior) was selected because it is commonly used to
evaluate pain in animals (33) and allows evaluation on the basis of
an animal’s individual behavior (i.e., the animal can serve as its own
control). Moreover, because it is a continuous scale, statistical analy-
sis is facilitated and statistical power increased. Most studies using
pinpricks in animals use categorical scales (11,19,30). Nevertheless,
there is currently no “gold standard” pain scale, and all scales have
limitations, as they are based on subjective interpretation of animal
behavior. Some pain scales also use objective parameters such as
heart and respiratory rates (34), but these parameters may be affected
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by many other factors unrelated to pain. After careful evaluation of
the video recordings, we decided to use the VAS scale for avoidance
response, as some cows had low responses at baseline. Also, with
this scale it is possible to evaluate behavioral changes on the basis
of the individual, which is not possible with predefined categorical
scoring systems. The assignment of a positive or negative response
when pinpricks are done is not always straightforward, as some
animals might feel pain but not respond owing to fear, or they might
have hypoalgesia but not complete sensory block and therefore
might still respond to the stimulus although the painful perception
is decreased. Also because of learned behavior some animals might
respond even when there is no associated pain. Randomization of
the treatments should have minimized any possible effect of learned
behavior on our results.

Sympathetic B fibers are readily blocked by local anesthetics,
inducing cutaneous vasodilation and a rise in skin temperature. Skin
temperature has been used in some studies in cattle in an attempt to
evaluate success or failure of sensory blockade produced by epidural
administration of local anesthetics (11). Skin temperature was not
measured in the present study to evaluate sensory blockade as it
has been shown to be a nonsensitive indicator of sympathectomy
induced by epidurally administered anesthetics in humans (35).
Also a skin temperature change was not observed after epidural
administration of lidocaine in cows (11), and the authors suggested
that the thickness of cattle skin may prevent marked changes in skin
temperature. In addition, skin temperature may be influenced by
other factors, such as environmental temperature.

The onset of motor deficits of the anus, tail, and pelvic limbs was
immediate with both bupivacaine concentrations, but the deficits
lasted longer with 0.125% bupivacaine (up to 6 h for tail and pelvic
limbs). The onset of analgesia was immediate in the caudal regions
and later in the more cranial regions. The duration of analgesia varied
among regions, lasting up to 360 min in some of them with the high
concentration of bupivacaine. In dogs the duration of motor effects
exceeded the duration of sensory block after epidural administra-
tion of bupivacaine at concentrations of 0.25%, 0.5%, and 0.75% (19).
In humans the duration of motor block was similar to the duration
of hypoesthesia for mechanical and electrical stimuli after epidural
administration of 0.25% and 0.5% bupivacaine (16). In the present
study, measurements were done up to 6 h after injection, and the
complete offset of sensory and motor effects could not be determined.

In humans, epidural administration of bupivacaine at concentra-
tions of 0.075% and 0.125% did not induce motor blockade, as assessed
by the knee-extension strength test (16), and the blockade was consid-
ered mild after administration of 0.125% bupivacaine, as evaluated by
the ability of the patient to move the lower extremities (17). However,
neither of these studies evaluated the ability of the person to stand or
walk without ataxia. In the present study the motor effects were evalu-
ated with the cows standing restrained in a head gate, with sideways
movement allowed; however, they were not walked to evaluate the
degree of ataxia because in the pilot study these doses of epidural
bupivacaine induced mild to moderate motor deficits of the pelvic
limbs and therefore the animals could fall if they were walked. In
fact, 1 cow fell down after being released from the head gate 6 h after
epidural administration of 0.125% bupivacaine. Therefore, this tech-
nique should be used with caution in large-animal clinical practice.

With the volume of bupivacaine used in this study, we expected
analgesia up to the flank. However, it was obtained only up to the
region of the saphenous nerve with 0.125% bupivacaine. The limited
craniad epidural spread could be due to the rate of administration
(0.01 mL/kg BW per minute), as a slow rate would be expected to
generate lower epidural pressures, which could limit the spread
(36). However, studies in humans showed that rapid injection of
local anesthetics into the epidural space produced greater initial
pressures and a faster onset of sensory block than slow injection,
but there was no difference in the final extent and duration of the
block (37,38). Multiple factors can affect the spread of the epidural
block: in humans these factors include age, weight, dose of local
anesthetic, addition of opioids, site of injection, and body height
(39). In dogs, body position after epidural administration affected the
spread of a methylene blue solution (40). Even though total sensory
block was not obtained in the present study, hypoalgesia in more
cranial regions might have been present and not demonstrated with
the methods used.

A washout period of at least 48 h was chosen from epidural
pharmacokinetic data in isoflurane-anesthetized sheep: the reported
elimination half-life of bupivacaine was 142.5 min (41). The pharma-
cokinetic parameters of bupivacaine administered epidurally have
not been reported in cattle to our knowledge.

In the present study, the left side had lower VASpain scores than
the right side in most dermatomes. The side difference could have
been due to lateralization of the epidural catheter towards the left
side in the studied cows. However, such lateralization could not be
confirmed, as no radiographs were obtained and no postmortem
examinations conducted. One cow did not respond to any of the
treatments, and the treatment failure was probably due to misplace-
ment of the catheter out of the epidural space, but this could not be
confirmed.

One limitation of the present study was the small sample size
and thus the low power to detect more significant effects of the
treatments. The study was initially designed with 6 cows, similar to
previous crossover studies in cattle (1,11,30), but unfortunately the
sample size was reduced to 5 cows for motor and cardiorespiratory
evaluation and 4 cows for evaluation of analgesia during the course
of the study. None the less, post-hoc power calculations revealed that
the power was 71% and 99% to detect differences in motor tone and
analgesia, respectively, between the use of a high dose of bupivacaine
and the use of saline.

In conclusion, high-volume intercoccygeal epidural administration
of 0.125% bupivacaine provided partial or complete sensory block
in most caudal regions and in the pelvic limbs of cows. However,
high-volume intercoccygeal epidural administration of 0.0625% bupi-
vacaine did not provide consistent sensory block with the methods
used in this study. This technique should be used with caution in
large-animal clinical practice as it causes mild to moderate motor
deficits of the pelvic limbs, which may cause recumbency if the
animal is moved or walked.
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Appendix: Numerical rating scale for evaluating motor
function

Tail tone when evaluator moves the tail up and down

1 — Strong tone: presence of brisk voluntary movements
2 — Mildly relaxed: slow voluntary movements

3 — Moderately relaxed: no voluntary movements

4 — Absent tone: no voluntary movements

Anal tone when evaluator pinches the anus
1 — Strong

2 — Mildly relaxed

3 — Moderately relaxed

4 — Absent tone

Motor deficits of pelvic limbs when evaluator pushes the
hindquarters and pulls the tail sideways

1 — No ataxia: strong

2 — Mild ataxia

3 — Moderate ataxia

4 — Severe ataxia: falling
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