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Abstract time points. The amount of rescue analgesia
Objective To evaluate the efficacy, in terms of the
amount of rescue analgesia required, and the
clinical usefulness of epidural injection of
morphine with bupivacaine or levobupivacaine
for elective pelvic limb surgery in dogs during a
24-hour perioperative period.

Study design Prospective, blinded, randomized
clinical study.

Animals A group of 26 dogs weighing 31.7 ±
14.2 (mean ± standard deviation) kg and aged 54
± 36 months.

Methods All dogs were premedicated with meth-
adone intravenously (0.2 mg kge1) and anaes-
thesia induced with diazepam (0.2 mg kge1) and
propofol intravenously to effect. After induction of
anaesthesia, dogs randomly received a lumbosa-
cral epidural injection of morphine 0.1 mg kge1

with either levobupivacaine 0.5% (1 mg kge1;
group LevoBM) or bupivacaine 0.5% (1 mg kge1;
group BM). Cardiovascular, respiratory and tem-
perature values were recorded during the intra-
and postoperative period. A visual analogue scale,
subjective pain scale, sedation scale and the short
form of the Glasgow pain scale were assessed every
6 hours after epidural injection during 24 hours.
The ability to stand and walk, neurological deficits
and other side effects were assessed at the same
(sufentanil intraoperatively and methadone post-
operatively) was recorded.

Results No statistically significant differences were
found between groups for any of the recorded data,
with the exception of the incidence of spontaneous
urination and postoperative rescue analgesia
requirement. In group LevoBM four dogs sponta-
neously urinated at recovery while none of the
dogs in group BM did (p ¼ 0.03) and seven dogs of
group LevoBM required postoperative rescue
analgesia versus none of the dogs in the BM group
(p ¼ 0.005).

Conclusions and clinical relevance Epidural Lev-
oBM is a suitable alternative to BM in healthy dogs
during elective pelvic limb surgery. Epidural BM
produced more urinary retention but better pain
control compared to the same concentration and
dose of LevoBM in dogs.

Keywords bupivacaine, dogs, epidural, pelvic
limb surgery, levobupivacaine.
Introduction

Lumbosacral epidural anaesthesia is a common
regional anaesthetic technique for management of
dogs undergoing pelvic limb surgery. In the human
and veterinary literature, it is well documented that
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lumbosacral epidural anaesthesia is able to alleviate
pain in the pelvic limbs (Hendrix et al. 1996; Torske
& Dyson 2000; Dyson 2008). It has been argued that
epidural anaesthesia provides better postoperative
analgesia than parenteral opioids in humans (Block
et al. 2003). Correct pain management reduces the
recovery time, decreases the risk for secondary in-
fections and surgical complications and results in a
faster return to normal activities (Yeager et al. 1987).
Bupivacaine and levobupivacaine are local anaes-

thetics that, when dosed at lower concentrations,
provide differential sensory and motor neural
blockade (Camorcia et al. 2007) which is the block-
ing of pain and temperature sensations (A-d, C fibres)
while preserving motor function (A-a fibres). Bupi-
vacaine has a chiral centre and therefore exists as a
50:50 mixture of two enantiomers [(S(e) and R(þ)],
both of which have similar potency and duration of
action (Foster & Markham 2000). Bupivacaine is
commonly used in clinical practice because it has a
long duration of action and a concentration of 0.5%
of bupivacaine results in an adequate sensory and
motor blockade for surgical procedures in companion
animals (Torske & Dyson 2000).
Levobupivacaine is the S(e)-enantiomer of bupi-

vacaine and has comparable anaesthetic properties.
Experimental and human studies have shown that
levobupivacaine is less cardiotoxic than bupivacaine
(De Rossi et al. 2011) but with higher protein binding
(97% versus 95%). This means that < 3% of levobu-
pivacaine is free in the plasma and available to act on
other tissues, possibly causing less unwanted side
effects (McLeod & Burke 2001).
The synergism of action of local anaesthetics and

opioids has been widely investigated and reported in
literature (Torske & Dyson 2000; Kona-Boun et al.
2006; Leone et al. 2008; Abelson et al. 2011) and the
analgesia is generally superior to that induced by
each class injected alone. The addition of opioids
improves the quality of pain relief without affecting
the degree of motor blockade (Leone et al. 2008) and
increases the duration. Bupivacaineemorphine is
one of the most commonly used epidural drug com-
binations in small animal practice (Odette & Smith
2013).
Although one study has compared the epidural

effects of bupivacaine and levobupivacaine in
conscious experimental dogs (Gomez de Segura et al.
2009), the effects of epidural levobupivacaine and
morphine versus those of epidural bupivacaine and
morphine have not been well studied.
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The primary aim of this study was to evaluate the
analgesia requirements and side effects of two
epidural anaesthesia protocols in dogs undergoing
elective pelvic limb surgery intraoperatively and for
24 hours postoperatively.

Material and methods

Animals

This study was conducted after institutional approval
for animal experimentation (Commission d’�ethique
animale; 1237) and after obtaining informed consent
from the animals’ owners.
A power analysis was performed with G power

software (Faul et al. 2007) considering that values
will be compared between both groups at each of the
five time points (n ¼ 10 classes). The power of the
study was over 80% to detect an effect size of 0.37
(two-way ANOVA model) or 0.35 (chi-square test) in
the scores with a ¼ 0.05. By convention, these effect
sizes are considered between medium and large effect.
Therefore 13 animals were recruited per group.
Dogs undergoing elective tibial plateau advance-

ment in the Veterinary Hospital of the University of
Li�ege, Belgium were recruited for this prospective
clinical study. No breed, sex, size, weight or age re-
strictions were imposed. A physical examination,
complete blood cell count and serum biochemical
analysis was performed on potential recruits. Dogs
were excluded for presence of dermatitis in the area of
the L7 to S1 intervertebral space, pelvic deformity,
obesity (which precluded the palpation of the
anatomical landmarks), aggression (which rendered
them unable to participate in postoperative pain
scoring) or low platelet count. All dogs were required
to remain in the hospital for at least 24 hours after
surgery.

Study protocol

The dogs were randomly allocated to one of the two
groups by an external clinician using the Microsoft
Excel (Microsoft Operations Ltd, Dublin, Ireland)
random function. Anaesthetists, surgeons and both
pain evaluators were unaware of group allocation.
The treatment consisted of either 1 mg kge1 bupi-
vacaine (Marcaine; AstraZeneca, Belgium) and 0.1
mg kge1 of preservative-free morphine sulphate 1%
(Morphine HCL Sterop; Sterop, Belgium) (group BM)
or 1 mg kge1 levobupivacaine 0.5% (Chirocaine;
AbbVie, Belgium) and 0.1 mg kge1 morphine sul-
phate (group LevoBM).
ican College of Veterinary Anesthesia and Analgesia. Published by
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Food, but not water, was withheld for 12 hours
before anaesthesia. On the day of surgery, a catheter
was placed aseptically into the left or right cephalic
vein.
Preoperative baseline values were taken for heart

rate (HR) and respiratory rate (fR) and systolic arterial
blood pressure (SAP) was measured by the use of
Doppler (Model 811-B; Parks Medical, NV, USA)
before premedication. Dogs were then premedicated
with 0.2 mg kge1 of methadone (Mephenon; Denolin,
Belgium) intravenously (IV), followed by induction
with 0.2 mg kge1 diazepam (Valium; Roche,
Belgium) and propofol (Diprivan 1%, Astra Zeneca,
Belgium) IV to effect. The trachea was intubated with
an appropriately sized endotracheal tube and con-
nected to a small animal anaesthesia re-breathing
circuit. Anaesthesia was maintained with isoflurane
(IsoFlo, Abbott Laboratories Ltd, UK) in 1:1 oxygen/
air mixture. Continuous mechanical ventilation
(Cicero; Dr€ager, Germany) was provided and the
minute volume was adjusted to maintain the end-
tidal carbon dioxide (PE0CO2) between 35 and 45
mmHg (4.6e5.9 kPa). The end-tidal isoflurane
(FE0Iso) was kept between 1.1 and 1.3%.
The dogs received 10 mL kge1 houre1 Hartmann’s

solution IV throughout the surgical procedure and
20 mg kge1cefazoline IV 30 minutes prior to surgical
incision and every 2 hours during the surgery.
After induction, physiological and anaesthetic pa-

rameters were monitored via multiparametric moni-
tors (Datex Cardiocap II, CH-2S-23-02, Datex
Capnomac Ultima ULT V-23-00; Acertys, Belgium)
and included electrocardiography, pulse oximetry,
body temperature, PE0CO2, and FE0Iso.
Dogs were then positioned in sternal recumbency

and the lumbosacral area clipped and prepared
aseptically for the epidural injection. A 22 gauge
Tuohy needle was introduced into the lumbosacral
epidural space. Correct epidural placement was
confirmed by the hanging drop test and loss of resis-
tance method using a test injection of sterile NaCl
0.9% at room temperature with a low resistance sy-
ringe (Perifix; B. Braun, Germany). The patient was
excluded from the study if blood was seen at the end
of the needle or after three unsuccessful attempts to
introduce the needle in the epidural space. Then,
0.2 mL kge1 of the assigned epidural treatment was
injected over 90 seconds with a continuous evalua-
tion of resistance to injection to detect possible
displacement of the needle. Dogs were positioned in
right or left lateral recumbency for at least 5 minutes
after the epidural injection to maximize drugs contact
© 2017 Association of Veterinary Anaesthetists and American College
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time on the nerve roots involved in the surgical
procedure (Torske & Dyson 2000).
Hypotension was defined as a Doppler measured

systolic arterial pressure (SAP) below 90 mmHg and
treated by lowering the FE0Iso (minimum 1.1%). In
the event of bradycardia (considered as a HR 15%
lower than baseline) 5 mg kge1 glycopyrrolate (Rob-
inul-V; Fort Dodge, IA, USA) was administered IV and
repeated after 10 minutes if required. If these mea-
sures were unsuccessful, a bolus of crystalloids (10mL
kge1 over 10 minutes) or colloids (3 mL kge1 over 10
minutes) was administered. When hypotension still
persisted, dobutamine was administered at an initial
rate of 5 mg kge1 minutee1 IV. Body temperature was
maintained between 37.0 �C and 38.5 �C using warm
air blankets (Mistral; TSC, The Netherlands).
Rescue analgesia consisting of sufentanil (Sufenta;

Janssen Cilag, Belgium; 0.2 mg kge1 bolus, 0.5 mg
kge1 houre1 continuous infusion adjusted on de-
mand) was administered during surgery when HR, fR
or SAP increased by > 20% of the baseline values
recorded before epidural injection. Propofol 1e2 mg
kge1 IV was administered in the event of gross pur-
poseful movements. Carprofen 4 mg kge1 (Rimadyl
solution; Zoetis, Belgium) was administered subcu-
taneously at the end of the procedure.
Manual expression of the bladder was only per-

formed when the bladder was considered too dis-
tended. The dogs were moved to the recovery area
and the trachea extubated once the dogs were able to
swallow.
Postoperatively, two trained observers assessed the

degree of pain in each dog using the short form of the
Glasgow composites measures pain score (from 0 ¼
no pain to 24 ¼ severe pain), a visual analogue scale
(VAS; from 0 cm¼ no pain to 10 cm¼ severe pain), a
subjective pain score (non, mild, moderate, severe)
and a sedation score (from 0 ¼ fully awake to 4 ¼
asleep, unable to raise head) according to scores used
by Murrell et al. (2008). Details can be found in
Table S1. The mean of the scores of the two evalua-
tors were considered for the analysis of the results.
Practically, the dog’s behaviour and VAS were
assessed initially from outside the kennel and any
spontaneous vocalisation, attention to the surgical
area and posture were recorded. After this, the door of
the kennel was opened and the dog was called to
encourage movement. The dog was taken out from
the cage and walked. The neurological deficit was
assessed by testing the righting reflex, and the ability
to stand and walk which were all graded as normal or
not normal. Details can be found in Table S2. Gentle
of Veterinary Anesthesia and Analgesia. Published by 339
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pressure was applied around the wound and the
dog’s response to touch was assessed. Finally, an
overall impression of the observer about the comfort
and demeanour was recorded.
All the assessments and the presence or absence of

other side effects such as respiratory depression,
sedation, nausea (hypersalivation, retching, exces-
sive licking, and chewing), vomiting, appetite, pruri-
tus and hypotension were recorded at the time of
extubation (recovery time) and every 6 hours after
the epidural injection (timepoints 6, 12,18, and 24).
Methadone 0.2 mg kge1 was administered as rescue
analgesia if the subjective pain scale was severe or if
the Glasgow pain score was above 6 out of a possible
24. If the Glasgow pain score was above 6 while the
subjective pain score was assessed as none ormild pain
0.1 mg kge1 methadone IV was given.
A tranquillizer (0.01 mg kge1 acepromazine IV;

Placivet; Kela Lab, Belgium) was prepared if
dysphoria was suspected and a second evaluation
was performed 30 minutes later. Palpation of the
bladder was performed every 6 hours, and in case of
excessive distension, an external manual expression
was performed and recorded.

Statistical analysis

Normality of the data was assessed with the univariate
procedure (SAS System 9.3; Institute Inc., NC, USA).
Data that were not normally distributed (fR, temper-
ature and subjective pain scale values) were normal-
ized with the use of Boxcox and then analysed. An
ANOVA test was used for continuous parameters and
logistic regression for binary variables. A chi-square
test was used for the incidence of postoperative
rescue analgesia. This was necessary, as the logistic
regression could not analyse the group were the
incidence was equal to zero. Overall p values < 0.05
were considered significant. Results are presented as
mean ± standard deviation and median (range).
Table 1 Intraoperative variables during general anaesthesia o
epidural bupivacaineemorphine (Group BM) or levobupivaca

Variable

Group n HR
(beats minutee1)

SAP (mmHg)

BM 13 82 ± 19 110 ± 12

LevoBM 13 84 ± 15 114 ± 21

fR, respiratory rate; HR, heart rate; PE0CO2, end-tidal carbon dioxide concentr
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Results

Of the 30 dogs initially recruited, four dogs were
excluded: one because of difficult behaviour and three
because of obesity. All of the 26 included dogs
completed the study. There were no significant dif-
ferences between groups with respect to age, weight,
baseline physiological parameters and duration of
anaesthesia and surgery. The dogs weighed 31.7 ±
14.2 kg and had an age of 54 ± 36 months.

Intraoperative cardiovascular and respiratory

variables

There were no significant differences between groups
LevoBM and BM for HR, SAP, PE0CO2 values, fR and
temperature (Table 1).

Intraoperative rescue analgesia

In each group, two of 13 dogs needed sufentanil
rescue analgesia during surgery. Rescue analgesia
was required at 60 and 190 minutes after epidural
injection in group BM and at 160 and 235 minutes
after epidural injection in group LevoBM.

Intraoperative cardiovascular support

During surgery, four of 13 (31%) dogs in group BM
needed cardiovascular support. Glycopyrrolate was
administered to two of the dogs and a fluid bolus to
the other two dogs. In group LevoBM, seven of 13
(54%) dogs required cardiovascular support. Glyco-
pyrrolate was administered to five of 13 (39%) dogs
and fluid boluses to four of 13 (30.7%) dogs. Two
dogs required both glycopyrrolate and fluid boluses.
None of the dogs required a dobutamine infusion.

Postoperative assessment

The number of dogs experiencing nausea is displayed
in Table 2. One nausea episode in group BM was
f dogs undergoing pelvic limb surgery and receiving either
ineemorphine (Group LevoBM)

fR
(breaths minutee1)

PE0CO2

[mmHg (kPa)]
Temperature
(�C)

18 ± 2 39 ± 3
(5.2 ± 0.4)

36.7 ± 0.6

15 ± 4 40 ± 4
(5.3 ± 5.3)

37.1 ± 0.5

ation; SAP, systolic arterial pressure.

ican College of Veterinary Anesthesia and Analgesia. Published by
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Table 2 Number of dogs requiring postoperative rescue analgesia and experiencing postoperative neurological deficits,
nausea, defecation and number of animals able to stand, walk and spontaneously empty their bladder (cumulative data)
after undergoing pelvic limb surgery and receiving either epidural bupivacaineemorphine (Group BM, n ¼ 13) or lev-
obupivacaineemorphine (Group LevoBM, n ¼ 13)

Time point*

Parameter Group R 6 12 18 24
Rescue analgesia (n) BM 0 0 0 0

LevoBM 5 4 6 3
Neurological deficits (n) BM 2 1 0 0 0

LevoBM 0 0 0 0 0
Defecation (n) BM 10 2 2 0 1

LevoBM 6 6 1 1 2
Nausea (n) BM 0 0 1 0 0

LevoBM 1 2 4 6 3
Standing (cumulative data) (n) BM 0 5 10 11 13

LevoBM 1 10 12 13 13
Able to walk (cumulative data) (n) BM 0 4 10 11 13

LevoBM 1 9 12 13 13
Urination (cumulative data) (n) BM 0 2 8 8 11

LevoBM 4 5 8 9 13

*Recovery (R) indicates the extubation time point. Time points 6, 12, 18 and 24 are 6, 12, 18 and 24 hours after epidural injection,
respectively. Rescue analgesia consisted of 0.1 mg kg e1 methadone administered intravenously.
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correlated with an episode of vomiting. In the Lev-
oBM group, dogs showed nausea at different time
points but no vomiting (Table 2). The difference be-
tween the groups was not statistically significant.
Four of the 16 nausea episodes were related to the
administration of methadone.
None of the dogs were able to urinate spontane-

ously in the BM group at recovery (p¼ 0.03; Table 2).
Uncontrolled urinary outflow was observed in one
dog in the BM group.
The incidence of defecation was similar between

groups (Table 2) and neither hypotension nor pruri-
tus were observed during the postoperative period.
Very few animals experienced neurological deficits

during recovery but one dog continued to manifest
deficits 6 hours after epidural injection (Table 2).
Although there seemed to be a slightly higher

proportion of dogs that were able to walk and stand
within 6 hours after epidural injection in group
LevoBM, there were no statistically significant dif-
ferences found between groups (Table 2). The ability
to walk was regained completely 18 and 24 hours
after epidural injection groups LevoBM and BM,
respectively.

Postoperative analgesia

There were no significant differences between groups
in the sedation and pain scores (Table 3). None of the
dogs in group BM needed rescue analgesia during the
© 2017 Association of Veterinary Anaesthetists and American College
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first 24 hours postsurgery (p ¼ 0.005) and of the
seven of dogs in the LevoBM group requiring anal-
gesia, four needed one or two doses of a low dose of
methadone 0.1 mg kge1 while the other three
received three doses of rescue analgesia.

Discussion

There were no statistically significant differences be-
tween groups for any of the recorded data, with the
exception of the incidence of spontaneous urination
at recovery and postoperative rescue analgesia
requirement. In group LevoBM four dogs spontane-
ously urinated at recovery while none of the dogs in
group BM did (p ¼ 0.03) and seven dogs of group
LevoBM required postoperative rescue analgesia
versus none of the dogs in the BM group (p ¼ 0.005).
Overall, the difference between groups appear to be
minimal and both bupivacaine plus morphine and
levobupivacaine plus morphine seem to be acceptable
options for epidural anaesthesia in healthy dogs un-
dergoing elective orthopaedic procedures. The small
number of dogs included in this study might have
precluded us from detecting rare events in either
group.
There were no differences in the intraoperative

cardiovascular effects between groups. The intra-
operative analgesic effects were also similar in both
groups. In each group two dogs required intra-
operative rescue analgesia, which could be
of Veterinary Anesthesia and Analgesia. Published by 341



Table 3 Median (range) values for subjective sedation and pain scale and for visual analogue scale (VAS) and Glasgow
pain scale scores in animals from group bupivacaineemorphine (Group BM, n ¼ 13) and levobupivacaineemorphine
(Group LevoBM, n ¼ 13) at different time points*

Time point Group BM Group LevoBM

Subjective sedation score R 2 (1e2) 0 (0e4)
6 1.5 (0e2) 1 (0e2)
12 0 (0e4) 1 (0e2.5)
18 0 (0e1.5) 1 (0e3)
24 0 (0e0.5) 0 (0e1)

Subjective pain scale score R 2 (1e2) 1 (1e2)
6 1.5 (1e2) 1.5 (1.5e4)
12 1 (1e2.5) 1 (1e2)
18 1 (1e2) 1 (1e2.5)
24 1 (1e1.5) 1 (1e2)

Glasgow pain scale score R 3.5 (1e6) 0 (0e4)
6 3 (1e6) 4.5 (1e9.5)
12 1 (0e6) 2.5 (1e8)
18 1 (0e3.5) 4 (1e6.5)
24 0.5 (0e3.5) 1.5 (0e1.5)

VAS (cm) R
6 0.7 (0.15e2.1) 1.4 (0.1e4)
12 0.5 (0.05e1.2) 0.75 (0.1e2.5)
18 0.5 (0e0.85) 0.9 (0.15e2.05)
24 0.25 (0e0.5) 0.8 (0.1e1.3)

*Recovery (R) indicates the extubation time point, time points 6, 12, 18, 24 indicate from after the recovery to the 6th, from the 7th to
the 12nd, from the 13th to the 18th and from the 19th to the 24th hours after epidural injection, respectively.
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considered as partial or total failure of epidural
anaesthesia in four of 26 dogs (15%). The need for
intraoperative rescue analgesia was relatively low
and may be partially explained by nonuniform spread
of the drugs in the epidural space (Reina et al. 2009).
A 2e5% epidural failure rate has been reported in
human medicine (Ranasinghe et al. 2003). Cox et al
(1998) compared epidural bupivacaine 0.5 % and
levobupivacaine 0.5%, administered at the same
dose, for lower limb surgery in humans and found no
clinical differences regarding the onset time, duration
of action and spread of intensity of the sensory block.
Our study revealed a significant difference (p ¼

0.005) in the need for postoperative rescue analgesia
between the two drugs that were used at the same
concentration (0.5%) and volume (total of 0.2 mL
kge1). Group BM did not require extra analgesia
postoperatively, while in the LevoBM group, rescue
analgesia was required in seven of the 13 dogs. In
both human and veterinary literature, the analgesic
effect of levobupivacaine is indeed considered less and
of shorter duration compared to the racemic mixture
(Camorcia et al. 2007; Gomez de Segura et al. 2009).
However, four of the seven dogs requiring post-
operative rescue analgesia, received a very low dose
© 2017 Association of Veterinary Anaesthetists and Amer342
of 0.1 mg kge1 and most of the time this dose was
administered once. Further, there were no statisti-
cally significant differences for the pain scores be-
tween the groups.
Assessment of pain in animals is far from being

objective and lacks any gold standard compared to
humans, where the gold standard of pain evaluation
is self-reporting (Mathew & Mathew 2003). Simple
unidimensional pain scales have been proven unre-
liable for pain assessment in dogs (Holton et al.
1998). A newer study evaluated the modified Glas-
gow pain scale by comparing the results with a simple
descriptive pain scale and found it reliable in assess-
ing acute pain in dogs (Murrell et al. 2008). In our
study, in order to limit subjectivity, pain was assessed
by two trained observers, unaware of treatment
allocation, using three different pain scales.
Motor block

Contradictory results regarding the duration of
epidural anaesthesia in humans are reported in liter-
ature. A longer duration of motor block has been
described with levobupivacaine than with bupiva-
caine (Foster & Markham 2000). In our study, a
ican College of Veterinary Anesthesia and Analgesia. Published by
Elsevier Ltd. All rights reserved., 44, 337e345
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shorter duration of action was recorded. This is in
agreement with the study of Gomez de Segura et al.
(2009), which showed that levobupivacaine, at a
concentration of 0.5%, caused a shorter loss of motor
function of 183 ± 99 minutes, while bupivacaine
caused a loss of motor function of 238 ± 103 minutes.
In our study, 70% of the dogs in group LevoBM and
46% of the dogs in group BM were able to stand
within 6 hours after the epidural injection. A complete
resolution of the motor block (no ataxia, full coordi-
nation of the hind limbs) in 100% of the dogs was
recorded at 18 and 24 hours after epidural injection,
for groups LevoBM and BM, respectively. The duration
of the motor block was longer than expected with
either drug. Possibly, morphine potentiated the effects
of bupivacaine and levobupivacaine in the epidural
space. To the authors’ knowledge, local anaesthetic
and opioid synergism has been described for the
analgesic effect of epidural anaesthesia, but not for the
motor block. Importantly, the ability to walk was also
influenced by the bandage applied to the affected limb
and therefore not always related to a real lack of
motor activity. In fact, only three dogs showed mild
neurological deficit during the postoperative period
(two of 13 group BM dogs during recovery and 6
hours after epidural injection and one of 13 dogs in
group LevoBM 6 hours after the epidural injection).
Delayed hair regrowth, pruritus and urinary

retention are known complications of epidural
anaesthesia in dogs (Kalchofner Guerrero et al.
2014). Urinary retention after epidural anaesthesia
in dogs has been described with an incidence of
3e44% (Campoy et al. 2012; Troncy et al. 2002). In
human medicine, the incidence of urinary retention
is considered to be dose-related and is estimated to be
between 15 and 100%. In the case of opioids, the
mechanism is likely to be related to interaction with
the opioid receptors in the sacral part of the spinal
cord, the suppression of detrusor muscle and the
sensation to urinate (Rawal et al. 1983). According
to the study of Rawal et al. (1983), the spontaneous
recovery of bladder function after epidural morphine
occurs in 14e16 hours in man. Canine cystometric
studies showed a relaxation of the detrusor muscle
and an increased bladder capacity following the spi-
nal injection of opioids (Kalchofner Guerrero et al.
2014). Because of that, dogs required external
bladder expression or urethral catheterization after
the use of morphine in the epidural space. m-Agonists
also tend to decrease the urine production by stim-
ulation of the antidiuretic hormone. However,
© 2017 Association of Veterinary Anaesthetists and American College
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k-agonist activity of morphine may outweigh this
side effect by decreasing the production of the hor-
mone (Mercadante & Arcuri 2004).
Nausea (and vomiting) is one of the most common

complications of general anaesthesia in humans. In
the current study, one dog in group BM showed signs
of nausea and vomited. By contrast, nausea was
observed in six dogs in group LevoBM. As the dif-
ference between groups was not significant, it may
have been an incidental finding as a result of the
small sample size. To the authors’ knowledge, a
higher incidence of nausea after epidural adminis-
tration of levobupivacaine compared to bupivacaine
has indeed not been reported in veterinary or human
literature. Although the group that received more
often additional methadone in the postoperative
period was also the group that showed a higher
incidence of nausea, there does not seem to be a
relationship between nausea and administration of
methadone. In general, methadone causes nausea
less often when compared to morphine (Monteiro
et al. 2009).
The most common problem during the periopera-

tive period was hypotension. Hypotension during
epidural anaesthesia is normally secondary to sym-
pathetic block, relative overdose of anaesthetic drugs
and underlying unrecognized hypovolaemia (Odette
& Smith 2013). Furthermore, all dogs were me-
chanically ventilated to minimize the effect of a
possible respiratory acidosis. This may have contrib-
uted to hypovolaemia related hypotension, through a
decrease in preload and stroke volume (Hopper &
Powell 2013). In human medicine, low doses of
isobaric levobupivacaine 0.5% have been described to
produce less hypotension compared to hyperbaric
bupivacaine 0.5% (Herrera et al. 2014). Neverthe-
less, an incidence of hypotension related to the
epidural use of levobupivacaine of 31% has been
described (Foster & Markham 2000). The small
sample size could have influenced these results and a
much larger number of animals needs to be examined
in order to evaluate rare events.
The lack of statistically significant differences

between the groups in this study suggests that
levobupivacaine has minimal side effects when
used for epidural anaesthesia in healthy dogs un-
dergoing pelvic limb surgery. Due to the higher
incidence of urinary retention in the LevoBM
group, it is advised to assess the patient’s ability to
urinate for a period of 24 hours after epidural
injection.
of Veterinary Anesthesia and Analgesia. Published by 343
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